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Abstract

Circumstellar disks play an essential role in the star formation process and are thought to be the sites
where new planetary systems come into being. Knowledge of the evolution of these objects is pivotal
to our understanding of star and planet formation. In this thesis, I present three studies aimed at charac-
terizing the properties of newly formed stars and their circumstellar accretiondisks in three qualitatively
different environments: the sparse stellar associationǫ Cha, the L1630 and L1641 regions of clustered and
distributed star formation in Orion, and the massive cluster Pismis 24. I combinedinfrared observations,
taken from the ground and with the Spitzer Space Telescope, with optical imaging and spectroscopy ob-
tained with various ground-based facilities. I characterized the disk geometry and evolutionary state using
the infrared data, and from the optical data I determined the stellar properties as well as the rate at which
disk material is accreted onto the central stars. Two important insights gainedthrough my studies are: (1)
the disk lifetimes for stars formed in isolation or sparse stellar associations arelonger than those of stars
formed in relatively dense clusters, whereas the disk lifetimes in clusters harboring very massive stars
with spectral types earlier than∼O5 are shorter than those in otherwise similar clusters that lack such very
massive stars; (2) the accretion rates show a steeper dependence on the stellar mass in the sub-solar mass
regime than in the solar or intermediate mass regime.

Zusammenfassung

Zirkumstellare Scheiben spielen eine entscheidende Rolle im Prozess der Sternentstehung und gelten

dar̈uberhinaus als die Geburtsstätten neuer Planetensysteme. Notwendig zum Verständnis der Planeten-

und Sternentstehung ist daher das Wissen um die Entwicklung zirkumstellarer Akkretionsscheiben in

Abhängigkeit von der stellaren Umgebung. In dieser Arbeit lege ich drei Studien vor zur Charakter-

isierung der Eigenschaften von Sternen und Scheiben in unterschiedlichen Sternentstehungsgebieten: im

lockeren Sternenverbandǫ Cha, in den Außenregionen des Orion-Nebels (L1630-North und L1641) und

im massereichen Haufen Pismis 24. Dazu wurden Infrarotdaten aus bodengebundenen Durchmusterungen

und desSpitzerWeltraumteleskops kombiniert mit optischen Bildern und Spektroskopie verschiedener

bodengebundener Teleskope. Anhand der Infrarotbeobachtungen charakterisierte ich die Scheibengeome-

trie. Desweiteren verwende ich die optischen spektralen und photometrischen Daten zur Bestimmung

der Akkretionsraten sowie zur Ermittlung der Eigenschaften der Zentralgestirne. Meine Untersuchungen

zeigen, daß die Lebensdauer zirkumstellarer Scheiben in Isolation oder lockeren Sternverb̈anden sehr viel

länger als in relativ dichten Sternhaufen ist. Dabei fällt die Lebensdauer in großen Haufen, die auch ex-

trem massenreichen Sterne (Spektraltyp O5 und früher) enthalten, sehr viel geringer aus als in Haufen, in

denen solche extrem massenreichen Sterne fehlen. Desweiteren zeigt die Akkretionsrate im Massenbere-

ich der sub-solaren Sterne eine stärkere Abḧangigkeit 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 cloudsof molecular gas and refractory ma-
terial collectively referred to as “dust”. Initially, such“molecular clouds” are supported against
collapse under their own gravity by magnetic fields and turbulence. The densest regions inside
the molecular clouds may develop into self-gravitating cores, which become denser and denser
and can eventually no longer be sustained by magnetic and turbulent support. Thus, they become
unstable to gravitational collapse in “inside-out” fashion (Shu et al. 1987). The cores have fi-
nite angular momentum which is conserved during collapse, preventing a substantial fraction of
the infalling material to fall directly to the core center. Instead, this material builds a flattened
structure around the forming central object, through whichmaterial may be further transported
inwards while angular momentum is carried away. Through theseaccretion disksa substantial
fraction of the final stellar mass is fed onto the stellar embryo.

The formation of low-mass stars, such as our own Sun, has beendivided into four phases, with
the corresponding objects being referred to as Class 0, I, II,and III sources (Lada 1987; Andre
et al. 2000). While this division is primary empirical and based on the appearance of the Spectral
Energy Distribution (SED) of a forming stellar object, it reflects to some extent also how the
formation of a young star is driven by various physical mechanisms in successive phases. The
extremely young Class 0 objects show SEDs that closely resemble a cold blackbody spectrum
peaking at far-infrared wavelengths, and have a typical timelife of ∼105 yr (Evans et al. 2009).
During this phase, energetic outflows can develop that startto clear out material along the rota-
tional poles of the protostellar systems. This causes the object to evolve into a less embedded
class I source, with a well developed, optically thick disk of hundreds of astronomical units in
diameter. The lifetime of class I objects is∼5×105 yr (Evans et al. 2009) and such objects typ-
ically drive strong outflows that help further clearing of envelope material. The rate at which
material is accreted onto the central star through the disk remains high and the disks are fed with

1



2 CHAPTER 1

fresh material that is infalling from the envelope. When mostof the envelope is dissipated and
the supply of fresh material to the disk is halted, a longer pre-main sequence phase ensues during
which the stars typically become visible at optical wavelengths while accretion continues at a
strongly reduced rate. This so-called Class II phase lasts several million years, and is thought to
be the main planet formation phase. Through still not fully understood mechanisms, the disks
are dissipated on timescales of a few Myrs, and after some 10 Myr a young star may be left
with an optically thin, gas-deprived “debris disk” which may co-exist and interact with a newly
formed planetary system. During this last phase of the star formation process the young stars and
whatever circumstellar material is left are referred to as “Class III” sources. The stars are still
contracting until at some point the pressures and temperatures in their centers are high enough
to ignite Hydrogen fusion. The young object has reached the zero-age main sequence and will
remain stable, with only a modest and very gradual increase in luminosity, for billions of years.
A star like our sun will remain on the main sequence for approximately 10 billion years.

In this thesis I present studies of a large number of young stars in various environments, with
the goal of improving the observational characterization of the forming stars and their disks.
My studies include sources in the latter three phases in the Lada classification, with a particular
emphasis on sources in the Class II phase and the evolution of these into Class III objects.

1.2 Disk evolution

It is more than five decades ago that T Tauri stars (TTSs) were identified as being “special” (Joy
1945), and were recognized as pre-main sequence objects (Ambartsumian 1947). Later TTSs
were found to often show strong excess emission over the expected photospheric level at near-
infrared and longer wavelengths (Mendoza 1966, 1968). A significant fraction of nearby known
TTSs have been detected at far-infrared to millimeter wavelengths (Rucinski 1985; Harris et al.
1988; Weintraub et al. 1989; Beckwith et al. 1990). The observed spectral energy distributions
of TTSs can be naturally explained if these stars are surrounding by circumstellar disks (Lynden-
Bell & Pringle 1974; Adams et al. 1987).

Circumstellar disks are formed as a result of angular momentum conservation during the proto-
stellar core collapse (Shu 1977). These disks have potential to form the planets and are thus also
referred to asprotoplanetarydisks. The disk dissipation process has been constrained observa-
tionally by investigating what fraction of young stars (still) shows strong excess emission from
disk material at infrared wavelengths, in clusters with a range of ages. Near-infrared imaging sur-
veys, which are sensitive to hot disk material very close to the central star, have indicated that the
inner disk frequency is>50% at ages of 1-2 Myr but dramatically decreases to∼10% at ages of
5-10 Myr, indicating that the lifetime of inner disks is a fewMyr (Strom et al. 1989; Haisch et al.
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Figure 1.1: The disk frequencies vs. ages for different clusters/SFRs. The dashed line is the fit
to disk frequencies of the clusters/SFRs, which isfdisk=e−t/2.9. Heret is in the unit of Myr.

2001; Hillenbrand 2002). This has been confirmed by recent surveys performed with the Spitzer
Space Telescope (e.g. Gutermuth et al. 2004; Young et al. 2004; Hartmann et al. 2005; Megeath
et al. 2005b; Lada et al. 2006; Sicilia-Aguilar et al. 2006a,2008; Herńandez et al. 2006; Dahm
& Hillenbrand 2007; Herńandez et al. 2007b; Flaherty & Muzerolle 2008). Fig. 1.1 shows the
(inner) disk frequency vs. age diagram for the various youngclusters and star-forming regions
collected from the literature. Overall, the data points in this diagram can be well represented by
an exponential decay of the formfdisk=exp(-t/τ0), yielding a typical timescaleτ0 ∼2.9 Myr for
the dissipation of at least the hot inner parts of circumstellar disks (Fedele et al. 2010).

A number of different physical mechanisms have been proposed to drive the evolution and dissi-
pation of a circumstellar disk, such as disk accretion (Hartmann et al. 1998), stellar encounters
(Pfalzner et al. 2006), photoevaporation by the central stars and/or nearby massive stars (John-
stone et al. 1998; Clarke et al. 2001; Alexander et al. 2006), planet formation (Rice et al. 2003;
Quillen et al. 2004), and stellar binarity (Artymowicz & Lubow 1994). The individual mecha-
nisms are briefly described as follows:

Accretion: Turbulence and magnetic fields can transport disk angular momentum outward, al-
lowing the disk material to move inward and eventually be accreted onto the central star. The
timescale for viscous dispersal of the disk depends on the disks radius (Hartmann et al. 1998).
Due to the conservation of angular momentum the outer disk will expand, and the viscous
timescale in the outer disk becomes longer. Thus, viscous evolution may be only important
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in the dissipation of the inner parts of disks (Hollenbach etal. 2000).

Stellar encounters:The stellar encounter mechanism involves a circumstellar disk and a nearby
passing star. Mutual gravitational interaction can inducea significant exchange of angular mo-
mentum and lead to disruption of material from the outer diskregions or strongly enhanced ac-
cretion rates, both accelerating the dissipation of the circumstellar disk (Clarke & Pringle 1993;
Pfalzner et al. 2006; Olczak et al. 2006; Pfalzner & Olczak 2007; Olczak et al. 2010).

Photoevaporation: UV photons emitted by the central star or by nearby massive stars can heat
the gas in the disk surface layers to such high temperatures that the sound speed exceeds the local
escape velocity from the gravitational potential well of the system. The gas will then flow freely
into interstellar space in a photo-evaporative flow and the disk is slowly eroded (Johnstone et al.
1998; Sẗorzer & Hollenbach 1999; Richling & Yorke 2000; Hollenbach etal. 2000; 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 maysubstantially
affect the structure of the disk through gravitational interaction with the disk gas. Giant gas
planets may become massive enough open a gap in the disk, strongly hindering further transport
of outer disk material across the gap to the inner disk regions. The inner disk regions will further
accrete onto the central star but, no longer being supplied by fresh material from larger radii, are
quickly dissipated. Thus these systems can evolve into “Transition Disks” with inner holes (Rice
et al. 2003; Quillen et al. 2004).

Binarity: In a young binary system we distinguish two types of disks that may be present: a
circumstellar disk that surrounds one of the components (both system members may have such a
disk), and a “circum-binary” disk that surrounds the whole binary pair. Circumstellar disks may
be truncated on the outside by gravitational interaction with the binary companion, which is in
some scene a special case of the previously discussed “stellar encounters” scenario (Artymowicz
& Lubow 1994). In the inner region of a disk surrounding a binary pair a gap will quickly form
(Lin & Papaloizou 1993). Potentially present circumstellar disks will be dynamically isolated
from the much larger circumbinary disk, and both will evolveindependently.

1.3 Dust processing in protoplanetary disks

The dust in protoplanetary disks originates in the interstellar medium (ISM). It consists of sili-
cates with olivine and pyroxene stoichiometry and carbonaceous material (Henning et al. 2004;
Henning 2010). The silicate grains in the ISM have typical sizes of.0.25µm and appear to be
present essentially exclusively in amorphous form, as derived from an analysis of the “10µm sil-
icate feature” seen in absorption through lines of sight with large interstellar extinction (Kemper



INTRODUCTION 5

et al. 2004). Towards young stars, e.g. Herbig Ae/Be stars and T Tauri stars, the 10µm feature is
usually in emission (Cohen & Witteborn 1985; Natta et al. 2000b; Bouwman et al. 2001, 2003;
van Boekel et al. 2004, 2005). The emission features arise in the optically thin disk atmosphere
that “blankets” the optically thick disk interior (Chiang & Goldreich 1997; Henning & Meeus
2009; Henning 2010). Since in the whole disk, with the exception of the innermost regions of
strongly accreting sources, the main energy source of the disk material is irradiation from the
outside by the central object, the disk atmosphere is warmerthan the disk interior. Thus, it is
easily understood why peaks in the opacity curve of the disk material result in emission features
in the spectrum.

Analysis of the 10µm silicate feature in protoplanetary disk spectra revealeda large variety of
grain properties. The disk atmospheres contain dust grainsthat in many, but not all, cases are
substantially larger than their ISM counterparts, typically several microns. Also, often a substan-
tial fraction of the disk silicates are present in a crystalline form (Bouwman et al. 2001, 2003; van
Boekel et al. 2003, 2005; Bouwman et al. 2008; Juhász et al. 2010). The observed differences
between the ISM and disk silicates indicates that physical mechanisms are at work in the disks
that alter the properties of the dust. These processes may include thermal annealing atT &800 K
close to the central star or also in the colder disk regions further out in brief “flash” heating
events induced by shocks, evaporation and recondensation at T &1200 K, and grain growth. In
addition, transport mechanisms such as turbulent mixing may move processed material through
the disk, and we may observe it in a different location from where the dust processing originally
took place (Henning & Meeus 2009; Henning 2010).

1.4 Outline of this work

In this section, I will outline this thesis. First, I will describe the scientific goals I have pursued,
and then explain the observational methods that I used to do so. Finally, I will briefly introduce
the star-forming regions that I have studied.

1.4.1 Scientific motivation

Over the past decades our understanding of star formation, disk evolution, and planet formation
processes has advanced dramatically. This was to a large extent due to the advent of a new gen-
eration of ground- and space-based observatories that werevastly more powerful than anything
that preceded. In parallel theoretical models of forming stars, disks, and planets have developed
spectacularly, much helped by the dramatic increases in thepower and availability of computing
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facilities. Yet, there are still many important open questions out there, waiting to be answered,
some of which I will address in this thesis. I will focus on thefollowing main questions:

• What is the primary physical mechanism responsible for disk dissipation?

• How do the disk properties (geometry, accretion) depend on the properties of the central
star, and the (close) stellar environment?

• How are the properties of the dust in disks related to the global properties of the disks and
their central stars?

1.4.2 Observational approach

(1) Characterizing disks

The excess emission at infrared or longer wavelengths from young stars has been well understood
in terms explained circumstellar material in the form of a disk (Lynden-Bell & Pringle 1974;
Adams et al. 1987). The disk material may span a large range intemperature and density, from
the hot regions at less an AU from the central star to the elusive cold outer regions at radii of
100 AU or more. This is reflected in the SED, which may show excess emission over the stellar
photospheric level over many decades in frequency, from thenear-infrared where the hot inner
disk dominates, through the mid-infrared where the warm disk atmosphere contributes most, to
far-infrared and (sub-) mm wavelengths where we see ever deeper into the disk, and are sensitive
to an ever increasing fraction of the disk mass and ever cooler material. Fig. 1.2 shows a typical
SED from a TTS with a flared disk (Dullemond et al. 2007), qualitatively illustrating how the
various disk regions contribute to the SED. At mm wavelengths the disks are normally optically
thin and the emission is dominated by the the cool disk interior where most of the mass resides.
The infrared excess emission is almost exclusively thermalemission from dust grains, except in
some cases at∼cm or longer wavelengths (not shown in Fig. 1.2) where it may be dominated by
non-thermal (free-free) emission from a stellar wind.

The Spitzer Space Telescope featured two imaging cameras: the Infrared Array Camera (IRAC,
Fazio et al. 2004) and the Multiband Imaging Photometer (MIPS, Rieke et al. 2004). These
provide broad-band images with exquisite sensitivity at wavelengths from 3.6µm to 24µm and
were used to do large area mapping of the infrared sky. Numerous star-forming regions and
clusters with ages from 1 Myr to tens of Myrs were observed (e.g. Chapter 3; Gutermuth et al.
2004; Young et al. 2004; Hartmann et al. 2005; Megeath et al. 2005b; Lada et al. 2006; Sicilia-
Aguilar et al. 2006a, 2008; Hernández et al. 2006; Dahm & Hillenbrand 2007; Hernández et al.
2007b; Flaherty & Muzerolle 2008), yielding well observed samples of many thousands of young
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Figure 1.2: A sketch of construction of the SED from a young star with a flaring disk. Different
part of the disk can have contributions in the SED at different wavelengths: (1)the near-infrared
and mid-infrared emission come from the inner disk, (2) far-infrared emission is from the outer
disk, and (3) the (sub-)millimeter emission mostly originates from 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 withexisting ground based near-
infrared data from e.g. the 2MASS and DENIS surveys, we can construct SEDs of the individual
young stars in these star-forming clouds. This allows characterization of their disks from the
innermost regions out to a radius that, depending on the luminosity 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 environments in general, and protoplanetary disks
in particular, have been studied mostly studied using infrared spectroscopy. In particular sili-
cate dust shows many spectral features at infrared wavelengths whose presence, shape, strength,
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and exact wavelength depend on the chemical composition, grain size and structure (compact
or porous), and solid state lattice structure (amorphous orcrystalline), and therefore provides a
wealth of information about the nature of the dust. Spitzer Infrared Spectrograph (IRS) spectra
are ideally suited for a mineralogical analysis of the dust in protoplanetary disks (e.g. Henning
& Meeus 2009; Henning 2010). In Figs. 1.3(a), (b), (c), and (d) we show the mass mass ab-
sorption coefcients of amorphous silicates (with olivine and pyroxene stoichiometry), forsterite,
and enstatite with grain sizes of 0.1µm, 1.5µm, and 6.0µm (Dorschner et al. 1995; Servoin &
Piriou 1973; Jaeger et al. 1998). The mass absorption coefficients of the various dust species are
calculated from their optical constants (complex refractive indices) using classical Mie theory
for the amorphous dust and a distribution of hollow spheres (DHS) approach for the crystalline
dust (Min et al. 2007; Juh́asz et al. 2009). Laboratory measurements provided the needed mea-
surements of the optical constants (Servoin & Piriou 1973; Preibisch et al. 1993; Dorschner et al.
1995; Henning & Mutschke 1997; Jaeger et al. 1998). The different dust species or different
grain sizes generally show very different spectral signatures, and can therefore be distinguished
from one-another in a mineralogical de-composition.

Figure 1.3: Panels (a), (b), (c), and (d): The mass mass absorption coefficients of amorphous
silicates (with olivine and forsterite stoichiometry), forsterite, and enstatite with grain sizes of
0.1µm(solid lines), 1.5µm(dashed lines), and 6.0µm(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 to 38µm with spectral resolutions R≈90
and 600 (Houck et al. 2004). In this wavelength domain there are many silicate features due
to to Si-O stretching and O-Si-O bending vibrations in the solid state lattice (Henning 2010).
Fig. 1.3(e) shows the IRS spectrum of HD 104237, the opticallybrightest Herbig Ae star. A first
glance at this spectrum directly shows that it cannot be explained using silicate grains as found
in the ISM that are typically much smaller than a micron and almost fully amorphous (Kemper
et al. 2004) and whose opacity curve closely resembles the red curve in Fig. 1.3(a). Instead,
larger grains and a substantial amount of crystalline material are required. A combination of the
opacities shown in Fig. 1.3(a-d) can provide a good match to the observed spectrum. In this the-
sis I will use the Two Layer Temperature Distribution (TLTD)spectral decomposition routines
developed by Juh́asz et al. (2009, 2010) in order to fit the Spitzer IRS spectra ofa number of
young stars. In this method the abundances of the individualdust species (i.e. multiplication fac-
tors of their respective opacity curves in the model spectrum) are fit parameters which are varied,
along with several parameters that describe the disk structure and temperature in a simplified
fashion, until the residuals between the observed and modelspectra are minimized. Thus, IRS
spectra provide a powerful way to constrain the relative abundances of the various dust species.
We must keep in mind, though, that the IRS spectra are sensitive only to the surface layers of the
disk and probe only a minor fraction of the total dust mass. Conclusions on the bulk composi-
tion of the dust based on IRS spectra rely on theassumptionthat 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 key to understanding the evolution and dis-
sipation of circumstellar disks, and therefore also to understand the process of planet formation.
Theoretical and observational studies of classical T Tauristars (CTTS) have favored the mag-
netospheric accretion model for mass transfer from the circumstellar disk onto the young star
(Calvet & Hartmann 1992; Hartmann et al. 1994; Muzerolle et al. 1998b, 2001). In this model,
the stellar magnetosphere truncates the disk at a few stellar radii. Gas from the disk is lifted out
of the disk midplane by magnetic pressure and is funneled onto the star along the magnetic field
lines. It hits the stellar surface at approximately the free-fall velocity, causing a strong “accre-
tion shock” and the associated hot-spots on the stellar surface. Various emission lines, such as
the hydrogen Balmer series, He Iλ=5876, and Brγ, are formed in the infalling magnetospheric
flow. Optical/ultraviolet excess continuum emission is produced in the accretion shocks. Fig. 1.4
illustrates the magnetospheric accretion model (Hartmann2005a).

The most robust estimates of the accretion rate can be obtained from measurements of the lu-
minosity of UV excess emission which veils the photosphericspectrum of a young star (Calvet
& Hartmann 1992; Calvet & Gullbring 1998). The excess emission arises as the gravitational
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Figure 1.4: A sketch of the magnetospheric accretion model.The figure is taken from Hartmann
(2005a).

energy of the infalling material is radiated away in the accretion shock and it thus forms a very
direct measure of the accretion rate (Muzerolle et al. 1998b). In practice, however, the UV ex-
cess is measurable only in sources that suffer low extinction, and only if the accretion luminosity
is a substantial fraction of that of the stellar photosphere. This limits the use of the UV-excess
method to sources with accretion rates above∼10−10 M⊙yr−1.

Emission lines in optical or near-infrared spectra providea much more easily accessible tracer
for the accretion rate. Observational studies have shown that the emission line luminosities
are strongly correlated with the accretion luminosities and therefore with the rates, however
generally with individual sources showing a large scatter about the average relation (Chapter 3;
Herczeg & Hillenbrand 2008; Dahm 2008). This scatter may be in part be due to the fact that
accretion in young stars can be a strongly time-variable process, and the emission lines and
accretion rates (UV-excess) were not measured simultaneously. For optically thick lines, the
viewing geometry also affects the observed line luminosity. In particular the Hα line is a very
sensitive and easily accessible accretion tracer (Natta etal. 2004; Muzerolle et al. 2001), that does
however show one of the largest scatters in the line luminosity versus accretion rate relation. The
full width at 10% of the peak intensity of the Hα line shows a tighter relation with the accretion
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rate (Natta et al. 2004), but also here the scatter is still substantial and individual sources can lie
off the average relation by as much as an order of magnitude. Alsohere, the observed scatter
is may in part be explained by time-variability of the accretion (the Hα profiles and accretion
rates were not measured simultaneously), and in part be due to differences in viewing geometry
(the Hα line normally has the highest optical depht of all lines usedto trace the accretion). In
practice, this means that the Hα lines may not be a very accurate quantitative measure of the
accretion rate for individual objects, but is well suited tostudy the accretion properties of an
ensemble of young stars in a statistical sense.

The luminosities of the Hβ and He Iλ=5876 emission lines are well correlated with the accretion
luminosity, as shown using simultaneous observations of the line fluxes and optical optical/UV
excesses (Chapter 3; Herczeg & Hillenbrand 2008; Dahm 2008).The accretion rates can be
derived from the accretion luminosities once the stellar mass and radius are known. The latter can
be estimated from the effective temperatures and bolometric luminosities of the stars as derived
from a combination of optical and near-infrared spectroscopy and photometry, by comparison to
theoretical pre-main sequence evolutionary tracks. Thus,the Hβ and He Iλ=5876 emission lines
are also good tracers of the accretion rate, in addition to the UV-veiling. In this thesis, the Hα,
Hβ, and He Iλ=5876 emission lines are used to estimate the accretion ratesof T Tauri stars.

1.4.3 Regions studied in this thesis

In this thesis, I will study three star-forming regions, representing a range of different environ-
ments in which new stars can form: the sparse associationǫ Cha, the extended regions of star
formation in small clusters and aggregates and also medium-sized clusters in the outskirts of
Orion (the Lynds 1630-North and Lynds L1641 clouds), and a massive, dense young OB asso-
ciation Pismis 24. Theǫ Cha association contains two intermediate mass stars and a number of
lower-mass objects, down to the sub-stellar regime. Any star is typically a long way from its
nearest neighbor. In the L1641 cloud stars are formed both inrelative isolation as well as in
small clusters that are substantially more “crowded” than theǫ Cha. Most of the young stars in
the L1630N cloud are formed in either of the two clusters thatdominate this region. Pismis 24
is by far the most “violent” environment that I studied, having the highest number density of
stars and several early-O type causing an intense interstellar UV radiation field. A comparison
of the disk properties in these very different environment offers a great chance for studying and
understanding disk evolution in different environments.

(1) The ǫ Cha association

Theǫ Cha association, located at a distance of∼114 pc, was firstly discovered by Feigelson et al.
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(2003), and named after the most massive memberǫ Chamaeleontis AB. The initial catalog of
members inǫ Cha consisted of 9 sources (Feigelson et al. 2003). A spectroscopic survey covering
a region of 0.◦5 in radius centered onǫ Cha AB was performed by Luhman (2004b), identifying
3 possible new members. At an age of (3-5 Myr) the disks in theǫ Cha association are expected
to be in a very interesting evolutionary stage in terms of their dissipation (Feigelson et al. 2003).
Studying theǫ Cha associations offers great prospects to understand disk evolution, and thus to
provide fundamental observational constraints on the timescale of planet formation.

(2) L1630N and L1641

The L1630 and L1641 clouds are located in the Orion molecularcloud complex at distances
between 400 and 500 pc (Anthony-Twarog 1982; Hirota et al. 2007). L1630 lies in the north-
ern part of the Orion complex (Orion B), and L1641 is located inthe southern part (Orion A).
Toward L1630, near-infrared surveys show that most young stars are found in four clusters, i.e.
NGC 2023, NGC 2024, NGC 2068, and NGC 2071, rather than being uniformly distributed
(Lada et al. 1991; Li et al. 1997). The clusters NGC 2068/2071 are located in the northern part of
L1630 and named L1630N hereafter. In contrast to the L1630 region, the L1641 cloud harbors a
large population of young stars existing in relative isolation, in addition to a population of stars
in a number of clusters or aggregates (Strom et al. 1993; Allen 1995). Thus, a comparative study
of disks around young stars in L1630 and L1641 offers the opportunity to study the effect 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 contains dozens of massive OB-type stars,
with two extremely luminous members: Pis 24-1 and Pis 24-17 (O3.5 III) (Massey et al. 2001).
Pis 24-1 is a triple system consisting of Pis 24-1 NE (unresolved spectroscopic binary) and Pis 24-
1 SW (Máız Apellániz et al. 2007). Pis 24-1 NE and Pis 24-1 SW have an estimatedmass of
around 100M⊙ each. The distance to Pismis 24 has been estimated in different ways, and ranges
from ∼1-3 kpc (Wilson et al. 1970; Neckel 1978; Massey et al. 2001).A total of 779 X-ray
sources have been found in the Pismis 24 region, of which 616 sources have associated optical
or infrared counterparts (Wang et al. 2007). With an estimated age of∼1 Myr (Massey et al.
2001) Pismis 24 is an extremely interesting laboratory for investigating the circumstellar disk
evolution in the harsh environments in the vicinity of extremely massive stars. The similarly old
and similarly dense Orion Nebula Cluster serves a and extremely well studied local reference.
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Overview of this thesis

I have organized this thesis as follows:

• In Chapter 2 I investigate the disk properties of the members in theǫ Cha association, and
characterize the dust properties using Spitzer IRS spectra.

• In Chapter 3 I analyze our own observations and archive data ofthe L1630-North and
L1641 star-forming clouds. The data include the photometric data in 13 bands between
∼0.4µm and∼24µm, and optical spectroscopy performed with VLT/VIMOS. I use the
data atλ.1.5 µm to derive the properties of the central stars (mass, age) and the accretion
rates, and the longer wavelength data to establish the presence and evolutionary state of
the disks. I investigate relations between the stellar, disk, and accretion properties.

• In Chapter 4 I investigate the star-formimg region NGC 6357 with a special focus on the
central cluster Pismis 24. I includes X-ray data from the literature, optical photometry
and spectroscopy performed with VLT/VIMOS, HST archival data, infrared data from the
literature as well as our own Spitzer imaging of the central cluster, and millimeter data.
I study the global star formation in NGC 6357, and the stellarand disk properties of the
central cluster Pismis 24.

• In Chapter 5 I summarize the results of my thesis work, and lookahead to research I wish
to perform in the future.





Chapter 2

Disk properties in the ǫ Cha association

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

The observational characterization of the structure and evolution of circumstellar disks is key
to our understanding of the disk dissipation and planet formation processes. Nearby pre-main
sequence (PMS) associations are well suited for detailed investigations of young stars and their
disks, since their members can be observed with high signal-to-noise throughout the electromag-
netic spectrum. Several PMS associations have been studiedwith the Spitzer Space Telescope,
e.g. MBM 12, ǫ Cha, andηCha (Meeus et al. 2009; Megeath et al. 2005b; Bouwman et al.
2006; Sicilia-Aguilar et al. 2009), using the IRAC (Fazio et al. 2004) and MIPS (Rieke et al.
2004) cameras, and the Infrared Spectrograph (IRS, Houck et al. 2004). The Spitzer data allow
characterization of the disks around low-mass stars up to radii of ∼10 AU. The observed disk
frequencies in the MBM 12 andηCha associations suggest that disk dissipation proceeds more
slowly in these sparse PMS associations compared to denser environments. MBM 12 has a disk
frequency of≈90% at an age of 2 Myr (Meeus et al. 2009) and in the 8 Myr old (Megeath et al.
2005b; Sicilia-Aguilar et al. 2009)ηCha association 40-50% of the stars still retain a disk. In
the latter cluster, binarity was shown to play an important role in protoplanetary disk evolution
(Bouwman et al. 2006).

Silicates are an important dust component in protoplanetary disks. The most convincing evidence
that silicates are present in the protoplanetary disks is the strong ”10µm feature” in mid-infrared
spectra of Herbig Ae/Be stars and T Tauri stars (Cohen & Witteborn 1985; Natta et al. 2000b;
Bouwman et al. 2001, 2003; van Boekel et al. 2004, 2005). This feature is emitted by silicate
grains with the sizes of up to several microns that reside in the optically thin surface layers of the
disk (Chiang & Goldreich 1997). The shape and the strength of the 10µm silicate feature were
found to be correlated and this was interpreted as evidence for grain growth in disks (van Boekel
et al. 2005; Kessler-Silacci et al. 2006; Bouwman et al. 2008). The Spitzer IRS Spectrograph
has provided spectra of many young objects covering the wavelength range from 5.3 to 38µm.
Analysis of the spectral features in the Spitzer IRS spectra provides constraints on the chemical
composition and grain sizes (see e.g. Henning 2010for a recent review). The dust properties
derived from Spitzer IRS spectra of the members of the MBM 12 andηCha associations suggest

15
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that dust processing in the disks occurs very early, and thatradial mixing is not efficient (Meeus
et al. 2009; Sicilia-Aguilar et al. 2009).

Because theηCha association is much younger than MBM 12 it is highly desirable to study an
association an intermediate age in order to draw a more complete picture of disk evolution in
sparse stellar associations. With an estimated age of 3-5 Myr (Feigelson et al. 2003), theǫ Cha
association well suited for this purpose. Located at a distance of∼114 pc, theǫ Cha association
was discovered by Feigelson et al. (2003) who identified 9 members. The most massive member,
ǫ Cha AB, has a spectral type of B9. Luhman (2004b) have found 3 new members ofǫ Cha from a
survey covering a region with a radius of 0.◦5 aroundǫ Cha AB. At 3-5 Myr theǫ Cha association
is younger than theηCha group (5-10 Myr, Mamajek et al. 1999; Luhman & Steeghs 2004).
Lawson et al. (2009) provide a model-independent way to rankthe ages of the nearest PMS
associations employing gravity-sensitive spectral features in optical spectra. They confirmed
that theǫ Cha association is younger than theηCha and TW Hya associations.

In this Chapter we will investigate the disks surrounding theǫ Cha members in terms of overall
(geometry) evolution and dust mineralogy. We arrange this Chapter as follows. In section 4.1
we describe the observations and data reduction. In section4.2 we present our results which are
then discussed. We summarize our efforts in section 4.4.

2.1 Observations, data reduction and analysis

2.1.1 Targets

There are 12 stars reported as the members ofǫ Cha in the literature (Feigelson et al. 2003;
Luhman 2004b). We collected the photometric and spectroscopic data of these stars that are
available in the literature and list these in Tables 2.1, 2.2, and 2.3. For the 10 stars whose
spectral types have been estimated we performed SED fits in the optical and near-infrared spectral
range to derive the luminosity of each star and its line-of-sight extinction, using the method
described in Chapter 3. We take a model atmosphere spectrum with a fixed effective temperature
corresponding to the observed spectral type, and generate synthetic photometry with two free
parameters: the visual extinctionAV and the stellar angular diameterθ. Both fit parameters are
fine-tuned as to minimize the residuals between synthetic and observed optical and near-infrared
photometry. We adopt a standard extinction law (Cardelli et al. 1989) with a total to selective
extinction ratio ofR= 3.1. We used all the available optical photometry and the near-infrared
J- and H-bands. The bolometric luminosity of each star is then obtained by integrating the de-
reddened model spectrum and adopting a distance of 114 pc. For theǫ Cha AB, which is a double
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system, we estimate the luminosity of the A component from its V-band magnitude (5.34 mag,
Torres et al. 2008) which has corrected for duplicity. The resulting extinctions and luminosities
are listed in Table 2.3.

Table 2.1: Optical and near-infrared photometry for members of theǫ Cha association. Column
5: the B-band photometry of member ID#2,5 come from the Tycho-2 Catalogue (Høg et al.
2000); the B-band photometry for members ID#10,11,12 are calculated from B-I colors derived
from low-resolution spectra by Lyo et al. (2008) and I-band photometry from the DENIS survey
(Epchtein et al. 1997). Column 6: the V-band photometry of members ID#1,6,7,8,9 is taken
from Feigelson et al. (2003); the V-band photometry of members ID#2,5 are from the Tycho-
2 Catalogue (Høg et al. 2000); the V-band photometry of members ID#10,11,12 are derived
using the V-I colors by Lyo et al. (2008) and DENIS I-band magnitudes. Column 7: the R-band
photometry of members ID#1,6,7,8,9 is adopted from Feigelson et al. (2003), whereas the R-
band photometry of members ID#10,11,12 are obtained using R-I colors from Lyo et al. (2008).
Column 8: the I-band photometry for members ID#1,6,7,8,9 wasobtained by Feigelson et al.
(2003), whereas the I-band photometry for members ID#10,11,12 was taken from the DENIS
survey (Epchtein et al. 1997). Column (9)(10)(11): the photometry for members ID#3,4,6,7 are
for the J, H, and K bands and are teken from Grady et al. (2004).The photometry for other
members comes from the 2MASS survey (Skrutskie et al. 2006).

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

RA DEC B V R I 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 15.57a 13.83 12.01 11.45 11.17

2 ǫ Cha AB 11:59:37.53 -78:13:18.9 4.86b 4.91 · · · · · · 5.02 5.04 4.98

3 HD 104237C 12:00:03.89 -78:11:31.0 · · · · · · · · · · · · 15.28c 14.85c 14.48c

4 HD 104237B 12:00:04.76 -78:11:34.8 · · · · · · · · · · · · 11.43c 10.27c 9.52c

5 HD 104237A 12:00:05.21 -78:11:34.4 6.86b 6.62b · · · · · · 5.81 5.25 4.59

6 HD 104237D 12:00:08.39 -78:11:39.2 · · · 14.28a 13.09 11.62 10.53c 9.73c 9.67c

7 HD 104237E 12:00:09.43 -78:11:42.2 · · · 12.08a 11.25 10.28 9.10c 8.05c 7.70c

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

9 CXOU J120152.8-781840 12:01:52.52 -78:18:41.4 · · · 16.78a 15.29 13.52 11.63 11.04 10.77

10 2MASS J12005517-7820296 12:00:55.17 -78:20:29.7 19.61d 17.85d 16.08 14.00 11.96 11.40 11.01

11 2MASS J12014343-7835472 12:01:43.43 -78:35:47.2 20.17d 18.55d 17.15 15.96 14.36 13.38 12.81

12 2MASS J12074597-7816064 12:07:45.98 -78:16:06.5 17.68d 16.08d 14.74 13.11 11.55 10.98 10.67
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Table 2.2: Infrared photometry for members in theǫ Cha association. Column 4,5,6: taken from
Grady et al. (2004). Column 7: taken from Luhman et al. (2010).Column 8,9,10,11,12,13: taken
from the AKARI IRC Point Source Catalogue and FIS Bright Source Catalogue (Ishihara et al.
2010; Yamamura et al. 2010).

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

RA DEC L’ M 11.9µm [24] S9W L18W N60 WIDE-S WIDE-L N160

ID (J2000) (J2000) (mJy) (mJy) (mJy) (mJy) (mJy) (mJy) (mJy) (mJy) (mJy) (mJy)

2 11:59:37.53 -78:13:18.9 · · · · · · · · · 73.7 561.4 · · · · · · · · · · · · · · ·
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 -78:11:42.5 481. 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 theǫ Cha association. Column 4,5: taken from
Luhman (2004b). Column 10: The EWs of Hα line for ID#1,2,5,6,7,8,9 come from Feigelson
et al. (2003). The equivalent widths (EWs) of Hα line for ID#10,11,12 are estimated from the
optial spectra presented in Lyo et al. (2008). Negative values indicate emission lines. Column
11: W for weak T-Tauri star, C for classical T-Tauri star, andH for Herbig Ae/Be star.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

RA DEC Teff Lbol Av mass age EW(Hα) Ṁacc µαcos(δ) µδ

ID (J2000) (J2000) Spt (K) (L⊙) (mag) (M⊙) (Myr) (Å) Class (M⊙ yr−1) Disk (mas/yr) (mas/yr) Member

1 11:59:07.98 -78:12:32.2 M4.75 3161 0.027 0 0.17 9.6 -6.2 W · · · N -35.7±13.6 -5.8±13.6 Y

2A 11:59:37.53 -78:13:18.9 B9 10500 99.7 0 2.87 2.7+13 · · · · · · N -35.1±1.5 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 · · · · · · · · · 4.5 0.42 4 · · · · · · · · · Y · · · · · · Y

5 12:00:05.12 -78:11:34.7 A7.75 7648 42.8 0.91 2.53 3.2 -20 H4.17E-07 Y -36.9±1.4 -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 1.0 0.90 2.1 -4.5 C 8.59E-10 Y · · · · · · Y

8 12:01:44.42 -78:19:26.8 M5 3125 0.036 0 0.16 5.1 -23 C 1.49E-11 Y -31.5±7.7 0.5±7.7 Y

9 12:01:52.52 -78:18:41.4 M4.75 3161 0.039 0 0.18 5.9 -7.8 W · · · N -28±7.7 -34±7.7 ?

10 12:00:55.17 -78:20:29.7 M5.75 3024 0.029 0 0.11 3.1 -23.7C 1.05E-11 Y -33.6±7.7 -2.2±7.7 Y

11 12:01:43.43 -78:35:47.2 M2.25 3524 0.0038 0 0.27 4 -192.4C · · · 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 12.5 -7.9W · · · N -68.7±7.8 -17.9±7.7 ?
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2.1.2 VISIR imaging

We observed the HD 104237 system with VLT/VISIR on the night starting 2006 March 17
through the SiC filter, which transmits radiation between∼10.7 and∼12.9µm. We employed
standard chopping and nodding techniques to eliminate the high instrumental and atmospheric
background emission, with a chop throw of 8′′in the N-S direction and a nod throw of 8′′in the
E-W direction. We assessed the quality of the individual chop half-cycles (here referred to as
”frames”) by fitting a 2D Gaussian to the A component, which isdetected at high SNR in each
frame. We find that the quality of most frames is good, meaningthe image of the A component
is sharp and round. The medianFWHM of the 75% best frames is 0.′′33 and we shift-and-add
these into our final image with sub-pixel accuracy, using shifts determined by cross-correlation.

Figure 2.1: VLT/VISIR image of the HD 104237 region taken through the SIC filter, on a square
root scaling from -0.1% to+6.5% of the peak flux of the HD 104237A component. The position
of the HD 104237D component is indicated with a circle but there is no significant detection of
this source. Coordinates are offsets in arcseconds with respect to HD 104237A.

In Fig. 2.1 we show our final VISIR image of the HD 104237 system. The A and E components,
corresponding to sources 3 and 6 in Grady et al. (2004), respectively, are clearly detected. No
sources are seen at the positions of the C and D components (source numbers 1 and 5 in Grady
et al.). We have not attempted an absolute flux calibration ofour VISIR data, but instead have
performed PSF photometry on the D component, using the A component as the reference star.
We find an A/E 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 of the SIC filter. Assuming that the
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spectrum of the E component is iso-photonic one obtains a fluxof 551±10 mJy at 12µm for this
source. At the position of the D component we do not detect a source with confidence, and derive
a 3σ upper limit of 18 mJy at 12µm, again assuming an iso-photonic spectrum.

2.1.3 Spitzer IRS spectroscopy

Theǫ Cha members have been observed with Spitzer Space Telescope as a part of a larger pro-
gramme aimed at studying the evolution of circumstellar disks in nearby associations (GO pro-
posal 20691, PI: Bouwman). We obtained 7-35µm low-resolution (R=60-120) spectra with the
Infrared Spectrograph (IRS, Houck et al. 2004). The extracted spectra are based on the droopres
products processed through the S18.7.0 version of the Spitzer data pipeline. Partially based on
the SMART software package (Higdon et al. 2004), our data were further processed using spec-
tral extraction tools developed by the “Formation and Evolution of Planetary Systems” (FEPS)
Spitzer science legacy team (see also Bouwman et al. 2008). The spectra were extracted using
a 6.0 pixel and 5.0 pixel fixed-width aperture in the spatial dimension for the observations with
the first order of the short- (7.5-14µm) and the long-wavelength (14-35µm) modules, respec-
tively. The background was subtracted using associated pairs of imaged spectra from the two nod
positions along the slit, also eliminating stray light contamination and anomalous dark currents.
Pixels tagged by the data pipeline as being ”bad” were replaced with a value interpolated from
an 8 pixel perimeter surrounding the errant pixel. Low-level fringing at wavelengths>20µm was
removed using theirsfinge package (Lahuis & Boogert 2003). To remove any effect of pointing
offsets, we matched orders based on the point-spread function of the IRS instrument, thereby
correcting for possible flux losses. The spectra are calibrated using a spectral response function
derived from multiple IRS spectra of the calibration star 1 Doradus and a MARCS stellar model
provided by the Spitzer Science Centre. The spectra of the calibration target were extracted in
the same way as our science targets. The relative errors between spectral channels within one
order are dominated by the noise in each channel and not by thecalibration. We estimate the
relative flux calibration within a spectral order to be good to ≈1% and the absolute calibration
between different orders to be accurate to≈3%, the uncertainty being dominated by mainly due
to uncertainties in the scaling of the MARCS model.

We use the Two Layer Temperature Distribution (TLTD) spectral decomposition routines devel-
oped by Juh́asz et al. (2009, 2010) to investigate derive the mineralogical composition of the dust
from the observed IRS spectra. The spectrum emitted by the optically thin surface layers of the
disk is approximated by the following expression:

Fν = Fν,cont+

N
∑

i=1

M
∑

j=1

Di, jκi,j

∫ Ta,min

Ta,max

2π
d2

Bν(T)T
2−qa

qa dT (2.1)
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where the different dust species in the model are denoted with subscriptsi and for each species we
include three different grain sizes, indicated withj subscripts.κi,j denotes the mass absorption
coefficient of dust speciesi with grain size j. The abundances of each dust component are
indicated byDi,j, Bν(T) denotes the Plank function, andqarepresents the exponent of the adopted
power law temperature distribution. The disk atmosphere has a range of temperatures between
the integration boundariesTa, andd denotes the distance between the star and Earth.Fν,cont

denotes the continuum flux from the optically thick disk interior and is approximated by

Fν,cont = D0
πR2
⋆

d2
Bν(T⋆) + D1

∫ Tr,min

Tr,max

2π
d2

Bν(T)T
2−qr

qr dT

+D2
∫ Tm,min

Tm,max

2π
d2

Bν(T)T
2−qm

qm dT (2.2)

HereR⋆ andT⋆ are the radius and effective temperature of the star. The optically thick inner rim
and midplane of the disk are assumed to have power law temperature distributions between the
Tr andTm boundaries, with exponents denoted byqr andqm. The D0, D1 andD2 parameters
denote scaling factors for the emission from the stellar photosphere, the hot inner rim, and the
disk midplane, respectively.

Our dust model includes amorphous silicates with olivine and pyroxene stoichiometry, crystalline
silicates forsterite, enstatite, and amorphous silica. For each species we include three grain
sizes with radii of 0.1, 1.5, and 6.0µm. We calculated the opacity curves for the amorphous
species using MIE theory and those of the crystalline species using a Distribution of Hollow
Spheres (DHS) approximation. The optical constants were taken from Servoin & Piriou (1973),
Dorschner et al. (1995), Henning & Mutschke (1997), and Jaeger et al. (1998). To estimate the
uncertainties in the derived abundances we apply a simple and well established Monte Carlo
technique. We add normally distributed noise to the observed spectra with an amplitude given by
the flux uncertainty in each spectral channel, and so generate 100 versions of each spectrum that
are all consistent with the data. For each of these spectra wethen perform the same compositional
fit as described above, yielding 100 values for each fit parameter. The mean is then adopted as the
best-fit value for each parameter and the standard deviationin the positive and negative directions
yields the 1σ uncertainty on each parameter. The fit results will be presented and 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 memberships ofǫ Cha using proper motion data, and
then estimate the masses and ages of the members.

(1) Proper motions

Figure 2.2: Proper motions of known stars in theǫ Cha association taken from the catalogue
by Roeser et al. (2010). The mean proper motions of the membersand the 1 and 2σ ellipses
of the standard deviation of the distribution are shown withdashed-line and dotted-line curves,
respectively.

Proper motions provide kinematic information of stars, which is often a very useful discrimi-
nant to separate members of a cluster or stellar associationfrom unrelated field objects (see e.g.
Rochau et al. 2010). Recently, Roeser et al. (2010) presented a new catalog of proper motions
based in the International Celestial Reference System (ICRS) using a combination of USNO-
B1.0 and 2MASS astrometry. This catalog provides proper motions of 8ǫ Cha members, which
are shown in Fig. 2.2 and listed in Table 2.3. It is clear that most stars have very similar proper
motions, with the exception of the stars ID#9 and 12, which move in different directions. We
calculate the weighted mean of the proper motions of the group members, excluding the latter
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two sources, and find an average proper motion ofµα=-36.0 mas/yr andµδ=-1.2 mas/yr, for the
ǫ Cha association, corresponding to a projected linear velocity of ∼19.5 km/s. The 1 and 2σ
error ellipses are also shown in Fig. 2.2. Since the stars with ID# 9 and 12 have proper motions
that both differ &3 sigma from the average group value, casting doubt on their membership of
theǫ Cha association. No proper motion estimates are available for the sources with ID# 3, 4, 6,
and 7. Since these sources show X-ray emission and are spatially associated with HD 104237A,
it is highly likely that they areǫ Cha members. In summary, we confirm ten of previously iden-
tified members as the members ofǫ Cha, and challenge two stars, ID#9, 12 as the members of
the association. The refined memberships ofǫ Cha are also listed in Table 2.3. We must stress
that we cannot absolutely exclude ID#9, 12 as theǫ Cha members. Both sources may be in the
binary systemswhere their orbit motions can alter their proper motions. Moreover, the optical
spectra of ID#9, 12 show strong Li absorption line, and present Na I and K I strengths, which are
intermediate between those of dwarfs and giants (Luhman 2004b). And ID#9 is an X-ray emitter
(Feigelson et al. 2003). All these suggest that both ID#9 and12 are pre-main sequence stars. If
ID#9 and 12 are unrelated withǫ Cha, they could be the foreground pre-main sequence stars with
ages older thanǫ Cha.

Figure 2.3: HR diagram of members (filled circles) ofǫ Cha. The open diamond marks the
underluminous object ID#11. The grey lines are PMS isochrones of 1, 3, 10, and 100 Myr, and
the dark line is the PMS isochrone of 4 Myr (Dotter et al. 2008). The dashed lines are the PMS
evolutionary tracks for individual masses. The open circles are for stars ID#9 and 12, which have
proper motions that deviate from the other stars and whose membership is less certain.



24 CHAPTER 2

(2) The masses and ages of theǫ Cha members

Figure 2.4: The observed photometry (filled circles) and model photometry (open circles) for
HD 104237C in the J, H, and Ks bands. Panel (a) shows model photometry for a 13 MJup brown
dwarf with an age of 3 Myr, panel (b) shows a model of a 15.2 MJup object of 5 Myr. The model
photometry was adopted from Chabrier et al. (2000).

Fig. 4.8 shows the HR diagram of the sources in theǫ Cha association, where the temperatures
were adopted from the observed spectral types (Kenyon & Hartmann 1995; Luhman et al. 2003),
and the luminosity was determined as described in Section 2.1.1. The masses and ages were then
deduced by comparing the location of each object in the HR diagram with theoretical pre-main
sequence evolutionary tracks (Dotter et al. 2008). For the probable non-members ID#9 and 12
were estimated assuming that they are at the same distance astheǫ Cha association, but we note
that if these objects are really unrelated, as we will further assume here, this not very meaningful

The resulting ages and masses for all stars are listed in Table 2.3. The ages of all the assumed
members, with the exception of CXOU J115908.2-781232, are around 3-5 Myr, which is consis-
tent with the previous estimate (Feigelson et al. 2003). Thesource ID#11 appears sub-luminous
by a factor∼30 with respect to objects of similar spectral type placing it below the ZAMS and
inhibiting a mass and age estimate through placement in the HR diagram. We estimated its mass
from its spectral type (M2.25) by assuming an age of 4 Myr. Forsource HD 104237B (ID#4)
there is no estimate of its spectral type. We estimated its mass from its position in the J vs. J-H
color-magnitude diagram, assuming an age of 4 Myr and using model J 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 emission
seen by Chandra (Feigelson et al. 2003) with a near-infrared counterpart (Grady et al. 2004). At
a distance 116 pc, the projected distance between HD 104237Cand HD 104237A is∼612 AU.
Fig. 2.4 shows the observed photometry for HD 104237C in the J, H, and Ks bands from Grady
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et al. (2004). Since no spectral type estimate is available for HD 104237C we estimate its mass by
comparing the observed near-infrared photometry to model photometry for young brown dwarfs
at ages of 3 and 5 Myr Chabrier et al. (2000). The best-fit massesfor the assumed ages, and
the assumed distance of 116 pc, are 13.0 and 15.2 Jupiter masses, respectively. We will adopt
these numbers as the mass range for HD 104237C, putting this object at the boundary between a
very low mass brown dwarf and a ”free-floating planet”. Of thecurrently known members of the
ǫ 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 material is accreted onto the central
stars in theǫ Cha member systems, and then characterize their disks in terms of evolutionary
state. Finally, we will derive the dust properties of those protoplanetary disks that show emission
from silicate dust in their IRS spectra, and compare them withthe dust properties found for
protoplanetary disks in other sparse stellar associationsor clusters.

(1) Accretion

We estimated the accretion rates from the observed Hα emission-line luminosity using the em-
pirical relation between the latter quantity and the accretion luminosity derived in Chapter 3:

log(Lacc/L⊙) = (2.27± 0.23)+ (1.25± 0.07)× log(LHα/L⊙) (2.3)

The inferred accretion luminosities are then converted into mass accretion rates using the follow-
ing relation:

Ṁacc=
LaccR⋆

GM⋆(1− R⋆
Rin

)
, (2.4)

whereRin denotes the truncation radius of the disk, which is taken to be 5 R⋆ (Gullbring et al.
1998). G is the gravitational constant,M⋆ is the stellar mass as estimated from the location of
each star in the HR diagram, andR⋆ is the stellar radius derived using the SED fitting procedure
described in Section 2.1.1. There are four sources inǫ Cha 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 photospheric emission level is indicated with
a grey dotted curve in each panel. The circles show the photometry in different bands. The filled
circle show the upper limit derived from our VLT/VISIR 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 inǫ Cha

In Figs. 2.5, 2.6, and 2.7(b), we show the spectral energy distributions (SEDs) of the 10 sources
for which spectral types are available, together with the best-fit stellar model atmospheres (see
Sect 2.1.1). In total we have detected 9 sources with the Spitzer IRS. Among these, 7 were
confirmed as members of theǫ Cha based on common proper motion in Section 2.2.1(1). Two
of the members, CXOU J115908.2 (ID#1) andǫ Cha AB (ID#2), do not show significant excess
emission over the stellar photosphere in the IRS spectral range. Also both stars whose member-
ships were challenged based on their proper motions, ID#9 and 12, do not show infrared excess
emission in the IRS spectra, strongly suggesting that they donot (any longer) harbor circum-
stellar disks. For the sources that were not detected with the IRS we characterized their disks
based on infrared photometric data only. The source HD 104237D (ID#6) cannot be spatially
separated from HD 104237A with the IRS and MIPS instruments due to the comparatively poor
spatial resolution of the Spitzer Space telescope at long wavelengths. In our VISIR imaging at
12µm HD 104237D is not detected and we derived a 3σ upper limit of∼18 mJy for its flux at
this wavelength. This upper limit is just above the expectedphotospheric emission level as ex-
trapolated from shorter wavelengths and shown in Fig. 2.5, indicating that HD 104237D has no
disk any longer, though the possibility of an evolved disk with a large inner hole that would be



DISK PROPERTIES IN THEǫ CHA ASSOCIATION 27

Figure 2.6: SEDs of the disk population inǫ Cha. The photospheric emission levels are indicated
with a grey dotted curves in each panel. The circles show the photometry in various bands.
The filled circles show the photometry from our VLT/VISIR imaging. The solid lines show
the IRS spectra in each panel. In panel(a), the dashed line represents the median SED of the
disk population around stars with A-F spectral types in IC 348(2-3 Myr) (Lada et al. 2006). The
dashed lines in other panels show the median SEDs of the disk population around stars with
spectral types of b) K6-M0, c) M1-M4, and d) M5-M6 in L1641 (∼1 Myr, distributed population,
see Chapter 3). The dash-dotted lines show the median SEDs of the disk population with spectral
types a) B9-A9, b) K5-M2, c) and d) M3-M5 in upper Scorpius (∼5 Myr) (Dahm & Carpenter
2009a).

observable only at longer wavelengths cannot be excluded based on the currently available data.
The underluminous object 2MASS J12014343 (ID#11) shows a very flat SED, which is similar
to the SEDs of similarly underluminous objects discovered in other star formation regions (see
Chapter 3). For sources HD 104237B (ID#4) and HD 104237C (ID#3), we only have photometry
in JHKs bands. The [J-H] vs. [H-Ks] color-color diagram shows only HD 104237B to still have
near-infrared excess emission indicative of a hot, optically thick inner disk (Grady et al. 2004).

In Fig. 2.6(a) we show the SED of HD 104237A, which exhibits strong excess emission at wave-
lengths beyond∼2µm. HD 104237A therefore shows clear evidence for a hot, optically thick
inner disk. For comparison we also show the median SEDs of disk population for early spec-
tral type stars in IC 348 and upper Scorpius (Dahm & Carpenter 2009a; Lada et al. 2006) in
Fig. 2.6(a). HD 104237A (∼3 Myr) may be slightly younger than upper Scorpius (∼5 Myr) and
slightly older than IC 348 (∼2-3 Myr). However, the SED of HD 104237A is very different from
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the median SED of both aforementioned regions. The average object in IC 348 shows excess
emission at wavelengths of>∼5µm, suggesting that an inner hole has been formed in its disk. A
similar behavior is seen in upper Scorpius but with the excess emission starting only at∼20µm,
indicative of larger inner holes. Even though HD 104237A is not of substantially different in
age than IC 348, its SED shows much stronger excess emission starting from a much shorter
wavelength. Since HD 104237A is the only early-type star in theǫ Cha association, drawing any
firm conclusions from this observation is premature. Still,what we see indicates that the disk
surrounding HD 104237A evolved more slowly than the disks around early type stars in IC 348.
This is consistent with the notion that disk dissipation dueto stellar encounters, which is pre-
dicted to be particularly effective for early type stars (Pfalzner et al. 2006), has been important
in IC 348 but not in theǫ Cha group, due to the very different space number densities of stars in
both environments.

In Figs. 2.6(b), (c) and (d), we show the SEDs of group membersHD 104237E (ID#7), USNO-
B120144.7 (ID#8), and 2MASS J12005517 (ID#10), as well as themedian SEDs of objects
with similar spectral types in L1641 (∼1 Myr, Chapter 3) and upper Scorpius (∼5 Myr, Dahm
& Carpenter 2009a). Overall the is a clearly decreasing trendin the level of infrared excess
emission with increasing age, from L641 toǫ Cha to upper Scorpius. It can also be seen that the
excess emission in the MIPS 24µm band of source ID#7 (spectral type K5.5) is similar to the
median SED of L1641 whereas its infrared excess at shorter wavelengths is substantially lower
and intermediate between the median SEDs of L1641 and upper Scorpius. This indicates that
source ID#7 has started to dissipate its inner disk while itsouter disk remains relatively intact. In
contrast to object ID#7, the very low-mass objects ID#8 and 10 show a fairly uniform depletion
of the SED, with an infrared excess emission level that has been reduced by a similar factor
across the whole IRS spectral range compared with the median SED of L1641.

Spitzer observations of clusters with ages of several Myrs,such as IC348, NGC2362, andηCha,
suggest that, qualitatively, two evolutionary paths existfor going from a primordial to a debris
disk configuration (Lada et al. 2006; Currie & Kenyon 2009; Currie et al. 2009; Sicilia-Aguilar
et al. 2009; Currie 2010). Each path shows a characteristic behavior of the SED: (1) some
objects show little or no excess emission in the shorter IRAC bands and strong excess emission
at 24µm, suggesting that disks are dissipated in an inside out fashion; (2) some objects show
infrared excess of an approximately uniformly reduced magnitude compared to primordial disks
over all wavelengths out to 24µm, suggesting a reduction of the effective disk height, i.e. the
height above the disk midplane where the disk becomes optically thick to the stellar radiation. A
reduced disk height causes a smaller fraction of the energy produced by the star to be absorbed
and reprocessed by the disk, and thereby yields an infrared excess of reduced magnitude. This
may occur if dust coagulation takes place in the disk, causing the grains to couple somewhat less
well to the gas and allowing them to settle towards the midplane. How effective this is depends
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also on the level of turbulence in the disk, in a disk with low turbulence grains settle more easily.
In ǫ Cha, source ID#7 shows an SED reminiscent of the first type of disk evolution, whereas
sources ID#8 and 10 show an SED corresponding to the second scenario. Both latter sources
show strong evidence of dust growth, which seems to have progressed particularly far in source
ID#8 judging from the absence of silicate features at∼10 and 20µm, indicating that there is no
substantial population of dust grains with sizes of.10 µm left in the atmosphere of this disk. It
is interesting to note that source ID#7, showing evidence for an inside-out disk clearing, has a
silicate feature emitted by predominantly small, sub-micron sized grains.

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

When inspecting the HR diagram of theǫ Cha sample (Fig. 4.8) one object stands out in the
sense that it lies wellbelow the ZAMS. Compared to∼4 Myr old stars with the same spectral
type, 2MASS J12014343-7835472 (ID#11) appears underluminous by a factor of∼30. Since
evidence of group membership is strong (X-ray emission, optical emission lines, infrared excess,
and in particular a proper motion in agreement with theǫ Cha group, see Section 2.2.1(1)) its
underluminosity cannot be simply explained as ID#11 being abackground star. To understand
its nature we should resort to other explanations. In Fig. 2.7(a), we show the optical spec-
trum of ID#11, on which Balmer emission lines and forbidden oxygen emission lines with very
high equivalent widths are seen. Source ID#11 also shows a particularly strong infrared excess
(Fig. 2.7(b)). Objects with these characteristics have been found in other star forming regions,
e.g. Lupus 3 dark cloud, Taurus, L1630, and L1641 (Comerón et al. 2003; White & Hillenbrand
2004; Chapter 3). One possible explanation for this phenomenon is that these sources are systems
harboring flared disks with moderately high inclinations where the stellar photospheric light is
largely absorbed by the material in the cold, flared outer disk. We still receive photospheric light
but at least a large fraction of the light we see is scattered off the disk surface and has a much
reduced total flux. The optical emission lines of large equivalent width may arise in an outflow or
disk wind. They need not intrinsically be brighter than in similar objects with ”normal” apparent
luminosities; it the reduced strength of the continuum flux,not the intrinsic line strength, that
causes theequivalent widthsto be high. This scenario only works if the line forming region is
much larger than the central star, such that at least part of the line flux reaches us relatively un-
hindered while the photospheric continuum is strongly absorbed. In particular, this scenario also
explains why some of these apparently underluminous objects show some emission lines like
He I 5876Å, and the Ca II near-infrared triplet (8498, 8542, and 8662 Å) with equivalent widths
that appearnot enhanced (see Comerón et al. 2003; Chapter 3): these lines are mainly formed in
the magnetospheric infall flows (Muzerolle et al. 1998a), which are 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 J12014343 (ID#11). (a) the optical spec-
trum of source ID#11 (black) and of a similarly underluminous object in L1641 (L1641-ID#122,
Chapter 3). (b) The SED source ID#11. The photospheric emission level is indicated with a grey
dotted curve. The open circles show the broad band photometry of ID#11, and the IRS spectrum
of this source is shown in black. The photometry of underluminous source L1641-ID#122 is
shown with the grey diamonds and dashed line for comparison and shows striking resemblance
to that of ID#11. The dash-dotted line presents the median SED of the distributed disk population
in L1641 (Chapter 3).

In Fig. 2.7 we also compare the optical spectrum and SED of source ID%11 with an object that
shows very similar characteristics, that was recently found in the Lynds 1641 cloud in Orion
(ID#122, named L1641#122 hereafter, see Chapter 3). L1641#122 is also apparently underlu-
minous compared to stars of similar spectral type in the samecloud by a factor of∼30, similar
to ID#11. But, contrary to ID#11 it shows the He I 5876Å, [S II] and Ca II near-infrared triplet
(8498, 8542, and 8662 Å) in emission, indicating active accretion. The optical spectrum of
ID%11 did not show signs of active accretion at the time of observation. In Fig. 2.7(b), we
compare the median SED of the distributed disk population inL1641 (L1641D) and that of
L1641#122 (Chapter 3) with the SED of ID#11. From this comparison we can see that the in-
frared SEDs of ID#11 and L1641#122 are remarkably similar, and both underluminous objects
show much stronger mid-infrared excesses than the average source in L1641, even though the
L1641D population is much younger (∼1 Myr) thanǫ Cha.

(4) The disk and accretor frequencies inǫ Cha

In order to estimate the disk frequency inǫ Cha, i.e. the fraction of sources that shows evidence
for a circumstellar disk in the form of infrared excess emission, one needs to identify all members
of theǫ Cha association and characterize their infrared SEDs. This is a challenging task since the
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Figure 2.8: The disk frequencies for different clusters/star-forming regions (SFRs) plotted as a
function of their ages. In panel (a) we plot the disk frequency among all known members, in
panel (b) we show only the low-mass (0.1-0.6M⊙) population. The filled pentagram represent
the sparse stellar associations MBM 12,ǫ Cha,ηCha, and TW Hya. The open circles show the
disk frequencies in other clusters/SFRs (see Appendix (1) for a detailed description). In each
panel, the dashed line represents the best fit exponential decay for all regions, excluding the four
sparse associations. We find best fits of the formfd=e−t/2.9 in panel (a), andfd=e−t/2.7 in panel
(b), wheret is in units of Myr.
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ǫ Cha association is spread over a large area of the sky, and a full inventory is beyond the scope of
the current work. Instead, we restrict ourselves to the region within a radius of 0.◦.5 of ǫ Cha AB.
This part of the sky has been surveyed by Luhman (2004b) and our knowledge of the association
can be considered to be essentially complete here. As discussed in Section 2.2.1(1), there are 10
members in this region confirmed by proper motion. In Figs. 2.5, 2.6, and 2.7, we show the
spectral energy distribution of 8 members with published spectral types. Among these, 5 objects
show excess emission at near- or mid-infrared wavelengths and thus are harboring circumstellar
disks. We include also HD 104237C, which shows excess emission at KS bands according to
Grady et al. (2004), and obtain a disk frequency among the 10 members ofǫ Cha association
of 60±24% (6/10). This is quite high for a 3-5 Myr old population, though this value is clearly
subject to low-number statistics and it is premature to conclude that the disk frequency inǫ Cha
is high based on these data alone. However, as we will see later in this section, the three other
sparse associations of which we estimated the disk frequencies, MBM 12,ηCha, and TW hya,
show a similar trend, and the ensemble of data provides strong evidence that disk lifetimes in
sparse associations are longer than those in more crowded environments.

In Fig. 2.8 we illustrate this by showing the estimated disk frequencies in the aforementioned
sparse associations and a number of other star-forming regions, as a function of their age (see
Appendix (1) for a detailed description). Figure 2.8 also shows a fit to the observed disk frequen-
cies of all regions,exceptthe four sparse associations, of the formfdisk=exp(-t/τ0). We find a
value ofτ0=2.9 Myr to yield a very good fit to the overall distribution. This agrees well with
the value of∼2.9 Myr found by Fedele et al. (2010) in an earlier, similar study. Because the disk
lifetime in any given environment may depend on the mass of the central star (e.g. Kennedy &
Kenyon 2009) it is useful to investigate the low-mass population separately. In Fig. 2.8(b) we
show the disk frequency among stars with estimated masses inthe 0.1−0.6 M⊙ range, for the
same star forming regions as shown in Fig. 2.8 but including only those for which the low-mass
population has been characterized. We find essentially the same typical disk dispersal time as for
the whole mass range (τ0= 2.7 Myr), and again the sparse associations are deviant in the sense
that they show systematically higher disk frequencies.

To estimate the accretor frequency, i.e. the fraction of members that shows signs of active accre-
tion, we turn to the Hα line as a diagnostic. Estimates of the Hα equivalent width are available
for 8 of theǫ Cha members, of which 5 are classified as accretors according the criteria in Chap-
ter 3. This brings our estimate of the accretor frequency inǫ Cha to 63±28%, again obviously
subject to low-number statistics. Fedele et al. (2010) investigated the age-dependency of accretor
frequency, and derive an empirical relationfacc=e−t/2.3, wheret is in units of Myrs, by fitting an
exponential profile to the observed accretor frequencies ofa number of star forming regions. For
ǫ Cha, aged 3-5 Myr, the empirical relation predicts an accretor frequency of 27-11%, substan-
tially below the observed value.
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In conclusion, we can state that the disks around stars in sparse associations evolve more slowly
than those in denser environments.

(5) The dust properties of disks

We have used the Two Layer Temperature Distribution (TLTD) spectral decomposition method
developed by Juh́asz et al. (2009) to analyze our IRS spectra of theǫ Cha members. In this
section, we will first present the derived dust properties ofthe protoplanetary disks inǫ Cha.
Then, we will join theǫ Cha sample with a collection of cool T Tauri stars in the MBM 12 and
ηCha associations and the Coronet cluster, for which IRS spectrahave been previously analyzed
using identical methods. The combined data set is then used to do a statistical study on the dust
properties of protoplanetary disks around the cool stars.

(a) The IRS spectra of theǫ Cha disks

There are fiveǫ Cha members for which we have IRS spectra that show evidence fora protoplan-
etary disk. Four of these show the well known silicate feature between 8 and 13µm in emission
(ID#5,7,10,11, see Fig. 2.9). Before using the TLTD routinesto derive the dust composition
we divide the IRS spectra into a “short” (7-17µm) and a “long” (17-37µm) wavelength regime,
which are analyzed independently. Since the short wavelength part of the spectrum is domi-
nated by warm disk regions closer to the central star than thecooler regions that dominate long
wavelength data, we can thus search for radial gradients in the dust properties.

The derived dust properties are listed in Tables 2.4 and 2.5.In Table 2.4, we list the outcome
of the fits in terms of mass abundances of the different species. In Table 2.5, we give the mass-
averaged grain sizes of the amorphous and crystalline silicates, and fractional contribution of
the crystalline species to the total dust mass present in theoptically thin disk atmosphere. As
shown in Table 2.5, the crystalline fractions of the objectsin ǫ Cha are comparable to the those
of the young stars with similar spectral type in the literature (Sicilia-Aguilar et al. 2008, 2009;
Meeus et al. 2009; Juhász et al. 2010), with the exception of source ID#10 whose spectrum is
best reproduced with exceptionally highly crystalline dust. Also, in the warm disk regions, the
dust grains of our objects typically show typical larger sizes than those in interstellar medium
(ISM), suggesting dust growth in these regions.

We will now briefly describe the individual objects:

HD 104237A(ID#5) Juh́asz et al. (2010) fitted the IRS spectrum of this object using amorphous
dust with olivine and pyroxene stoichiometries, and silica, with grain sizes of 0.1, 2.0, 5.0µm,
with crystalline species forsterite and enstatite with grain sizes of 0.1 and 2.0µm, and with
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Figure 2.9: The 10µm Silicate features fitted using the Two Layer Temperature Distribution
method (solid red lines). The observed spectra are represented as filled circles with the errors in
gray.

Figure 2.10: IRS spectra in the 17-37µm range and spectral fits using the Two Layer Tempera-
ture Distribution method. The observed spectra are represented as filled circles with the errors in
gray whereas the fits are shown in red.
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Polycyclic Aromatic Hydrocarbons (PAHs). They divided theIRS spectrum into two sections:
5-17µm and 17-35µm, which are similar to those we use. From the short wavelength part
they derived mass-averaged grain sizes of the amorphous andcrystalline silicates, which are
4.6µm and 1.4µm, respectively, and a mass fraction of 9.5% in crystalline silicates. In the long
wavelength part of the spectrum they find 0.1µmand 0.4µm for the mass-averaged grain size
and 7.1% for the crystallinity. Even though we use a slightlydifferent set of grain sizes in our
fit, our results agree well with those derived by Juhász et al. (2010), with the exception of the
mass-averaged grain size of the amorphous silicates derived from the long wavelength channel
where we find a somewhat higher value. This may be due to the fact that the mass absorption
coefficients of amorphous silicates with sizes of 0.1 and 1.5µm are very similar in the 17-37µm
spectral range.

2MASS J12005517(ID#10) We find that the spectrum of this object is best reproduced using
an extraordinarily high mass fraction of crystalline silicates of∼82%. This may be a contrast
effect: because of the very low luminosity of ID#10 its 10µm silicate feature arises mainly in
the inner∼0.5 AU of the disk. The central regions of disk can be highly crystalline (van Boekel
et al. 2004), possibly leading to very high apparent crystallinities if only the very central disk
regions contribute to the part of the spectrum used in the mineralogical analysis (see also Apai
et al. 2005). In Fig. 2.11 we compare the IRS spectrum of ID#10 in the 7.8-14.3µm spectral
range with the mass absorption coefcients of enstatite and amorphous silicates with different
grain sizes. The spectral signature of enstatite is clearlypresent in the spectrum of ID#10.

2MASS J12014343(ID#11) As discussed in Section 2.2.2(3), source (ID#11) may be harboring
a disk with a high inclination. Therefore, the IRS spectrum ofID#11 can be moderately reddened
by the cold outer disk. In order to deredden the spectrum we would need to know the magnitude
of the extinction and the proper extinction law at the mid-infrared wavelengths, both of which
are not well known. We therefore applied no reddening correction, took the observed spectrum
at face value, and fed it to the TLTD routines. Since the TLTD routines only work properly for
low-extinction sources our results for source ID#11 shouldbe regarded as tentative.

USNO-B120144.7(ID#8) The luminosity and spectral type of this source are similar to those
of ID#10. Both sources also show similar accretion activity (see Table 2.3), and show similar
SEDs (see Fig. 2.6). However, in contrast to ID#10 the IRS spectrum of ID#8 does not show a
silicate feature around 10µm (see Fig. 2.11). This suggests that the silicates in the warm disk
atmosphere of ID#8 have grown to larger sizes than those ID#10’s disk. In the IRS spectrum
of ID#8 we clearly detect the C2H2 rovibrational band at∼13.7µm, but do not find the HCN
rovibrational band at∼14.0µm (see Fig. 2.11). This is consistent with what Pascucci et al. (2009)
discovered in Spitzer spectra of other other cool stars, namely that the C2H2/HCN ux ratios from
cool star disks are large with a median of∼3.8, which is an order of magnitude higher than the
median C2H2/HCN ux ratio in spectra of disks surrounding sun-like stars (∼0.34).
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Figure 2.11: (a)The IRS spectrum of source ID#8. The positions of the C2H2 and HCN rovi-
brational bands are marked. (b)The IRS spectrum of the sourceID#10. The dashed lines mark
the features of enstatite. c), d) and e): The mass absorptioncoefcients of enstatite and amor-
phous silicates (with olivine and pyroxene stoichiometry)with grain sizes of 0.1µm(solid lines),
1.5µm(dashed lines), and 6.0µm(dash-dotted lines). The dotted lines in panels (b) and (c)are
identical.
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Table 2.4: Silicate dust compositions deduced from the IRS spectra ofǫ Cha members, using the
Two Layer Temperature Distribution spectral decomposition method.

Am. (Olivine-type) Am. ( Pyroxene-type) Forsterite Enstatite Silica

ID χ2 0.1µm 1.5µm 6.0µm 0.1µm 1.5µm 6.0µm 0.1µm 1.5µm 6.0µm 0.1µm 1.5µm 6.0µm 0.1µm 1.5µm 6.0µm

Short wavelength

5 141.2 ... 0.1+0.3
−0.1 28.9+2.5

−2.9 ... 18.1+1.4
−1.3 39.7+1.8

−1.9 2.8+0.3
−0.3 ... 0.6+0.9

−0.5 0.1+0.2
−0.1 6.4+0.9

−0.9 0.5+1.6
−0.5 1.2+0.1

−0.1 0.1+0.1
−0.1 1.3+1.3

−1.2

7 1.3 27.7+6.1
−6.3 0.2+3.0

−0.2 14.7+15.8
−13.4 5.1+6.6

−4.0 30.1+13.1
−11.6 5.6+22.3

−5.6 2.8+1.0
−0.7 0.3+1.2

−0.3 0.1+5.8
−0.1 0.6+1.2

−0.6 2.3+3.1
−1.7 4.9+9.1

−4.7 0.1+0.3
−0.1 1.8+1.9

−1.1 3.8+5.4
−3.4

10 3.7 ... ... 2.3+10.7
−2.2 6.2+4.0

−3.9 6.5+5.8
−4.6 0.2+10.0

−0.2 1.7+0.4
−0.4 0.1+0.9

−0.1 ... 1.6+0.9
−0.8 3.9+3.2

−2.3 74.9+4.7
−7.0 2.7+0.5

−0.4 0.1+1.0
−0.1 ...

11 4.4 0.3+1.0
−0.2 26.2+5.7

−3.8 7.2+12.3
−6.9 ... 6.7+2.5

−2.4 25.0+10.3
−12.6 2.4+0.4

−0.3 0.1+0.1
−0.1 ... 0.2+0.3

−0.1 0.7+1.0
−0.6 25.2+3.3

−3.2 ... ... 6.2+2.8
−2.0

Long wavelength

5 58.4 ... 17.2+1.6
−1.6 1.1+2.1

−0.9 ... 68.5+1.6
−1.7 ... 4.8+0.1

−0.1 0.1+0.1
−0.1 ... 2.0+0.1

−0.1 ... ... ... ... 6.4+0.3
−0.3

10 4.0 1.6+14.2
−1.6 80.6+5.2

−5.2 1.1+9.2
−1.0 ... 6.6+4.9

−4.9 0.1+0.1
−0.1 0.7+0.4

−0.4 ... ... 1.2+0.5
−0.8 0.7+1.5

−0.7 ... ... ... 7.6+1.2
−1.2

11 6.3 ... 70.0+3.0
−3.0 ... 8.7+8.4

−6.9 8.6+5.3
−7.3 0.1+2.9

−0.1 2.6+0.3
−0.3 0.1+0.2

−0.1 0.8+1.7
−0.8 0.4+0.4

−0.3 0.1+0.4
−0.1 8.4+1.5

−1.6 0.1+0.2
−0.1 ... 0.2+0.6

−0.2

Table 2.5: Summary of the results of the spectral decomposition for theǫ Cha members: mass
averaged grain sizes and mass fractions of crystalline silicates.

(1) (2) (3) (4) (5) (6) (7)

〈a〉Sam.sil. 〈a〉
S
cryst.sil. f S

cryst 〈a〉Lam.sil. 〈a〉
L
cryst.sil. f L

cryst

ID ( µm) (µm) (%) (µm) (µm) (%)

5 5.1+0.1
−0.1 1.6+0.4

−0.3 10.6+1.4
−1.2 1.6+0.1

−0.1 0.1+0.1
−0.1 6.8+0.2

−0.2

7 2.0+0.9
−1.0 2.0+2.2

−1.4 11.0+7.0
−5.1 ... ... ...

10 1.3+1.3
−0.7 5.5+0.1

−0.2 82.1+4.3
−5.1 1.5+0.5

−0.1 0.4+0.6
−0.3 2.5+1.3

−0.9

11 3.6+0.5
−0.8 5.4+0.1

−0.2 28.4+3.8
−2.8 1.4+0.1

−0.1 4.5+0.3
−0.5 12.3+2.2

−1.5

Figure 2.12: (a) Comparison of the mass-averaged sizes of amorphous dust grains as derived
from the shorter and longer wavelength part of the IRS spectra(indicated with “S” and “L”
superscripts) of sources inǫ Cha, MBM 12,ηCha, and the Coronet cluster. The filled circles
indicate the two M-type object ID#10 and 11 inǫ Cha. (b) Similar to (a), but for the average
sizes of crystalline dust grains. (c) Comparison of the mass fraction of crystalline dust grains as
derived from the shorter and longer wavelength part of the IRSspectra.
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(b) Dust properties of disks around cool T Tauri stars

We will now join the dust properties derived for theǫ Cha members with those derived for several
other regions, and do a statistical analysis of the combineddata set. We collected the available
literature data for protoplanetary disks surrounding young stars of spectral type M0 or later in
the MBM 12 (Meeus et al. 2009) andηCha (Sicilia-Aguilar et al. 2009) associations and the
Coronet cluster (Sicilia-Aguilar et al. 2008). The dust properties for these targets are all derived
from Spitzer IRS spectra using the same TLTD spectral decomposition routines that we used for
the ǫ Cha data. As described in Section 2.2.2(5a), the IRS spectra are divided into two regions,
a short (7-17µm) wavelength part tracing the warm inner disk regions and a long (17-37µm)
wavelength part that is more sensitive to cooler regions further from the central star. In Fig. 2.12
we compare the dust properties in the warmer and cooler regions. We compare the average size
of dust grains for both the amorphous and crystalline grain population, and the mass fractions
of crystalline silicates. As shown in Fig. 2.12(a)(b), the average sizes of the amorphous and
crystalline silicates in the warmer regions of protoplanetary disks are substantially larger than
the those in the cooler disk. This may indicate that dust growth has been more efficient closer
to the central star than in regions at larger distance, but itmay also mean that the disks are more
turbulent in the warm inner regions than further out, allowing larger grains to remain visible in the
disk surface instead of settling to the midplane. A combination of both effects is also plausible.
Fig. 2.12(c) shows that the dust in the warm inner regions of protoplanetary disks contains a
higher fraction of crystalline material than the dust in cooler regions. 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 their Hα line luminosity using the method
described in Section 2.2.2(1) and list these in Table 2.7. InFig. 2.13, we plot the average grain
sizes of amorphous and crystalline silicates as against accretion rate. The data suggest a positive
correlation between the average grain size of the amorphousgrains and the accretion rate if
the latter is above∼10−9 M⊙ yr−1(see panel a of Fig. 2.13). Below this value, the grains in the
majority of disks are small, independently of the accretionrate. A possible explanation for this
relation is that both accretion and the presence of large grains in the disk surface require some
level of turbulence in the disk. Thus, both a large average grain size and a high accretion rate are
tell tale signs of a turbulent disk, though there need not be adirect causal connection between
both observables. There are two outliers in this diagram, MBM12-10 and G-14, which both are
are classified as WTTSs due to their small Hα equivalent widths. Yet, both show show large
average grain sizes in their IRS spectra. A possible explanation for this deviant behavior lies in
the time-variability of the accretion: objects that appearas WTTSs may turn into CTTSs when
observed at a different time. The variations in the accretion rate are likely caused by dynamical
processes occurring near the very inner disk edge, i.e. at much smaller scales than the region
responsible for the emission seen in the IRS spectra. It is unlikely that the turbulence in the
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Figure 2.13: (a) The average sizes of amorphous grains plotted versus the accretion rate of the
central stars. The grain sizes are derived in 7-17µm region of the IRS spectra. The thick solid
lines are the fits to the relation between the accretion ratesand the grain sizes. (b) The average
sizes of crystalline grains vs accretion rates. In each panel, the filled circles show the CTTSs,
and the open circles represent the WTTSs. The accretion ratesare estimated from the Hα line
luminosity, for the WTTSs only upper limits can be derived. The pentagram represents object
ID#10 in ǫ Cha.

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

Fig. 2.13(b) shows the average grain sizes of crystalline silicates as plotted against accretion
rates. In order to see whether there is any correlation between both observables we apply a
Kendall τ test. If two datasets are fully correlated this test returnsa value ofτ=1, if they
are anti-correlated we getτ= -1, and if they are independent independentτ has a value of 0.
The Kendallτ test also returns a probabilityp which is smaller when the correlation is more
significant. We find a very weak correlation (τ=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 similar correlation between the average grain
sizes of silicates and accretion rates as we find for accretion rates above 10−9 M⊙ yr−1. They also
argue that turbulence in disks prevents large grains from settling into the disk interior where they
are invisible to Spitzer, and also promotes a accretion, thereby leading to a correlation between
both observables. What is new in the current study is that the correlation between the accretion
rates and grain sizes is breaks down forṀacc <10−9 M⊙ yr−1, suggesting that the turbulence for
required to sustain such accretion rates is insufficient to support large grains against settling. We
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fit the relation between the average grain size of the amorphous dust and the accretion rate with
the following curve:

〈a〉Sam.sil. =















36.95+ 3.95× LogṀacc if Ṁacc > 10−9 M⊙ yr−1

∼ 1.5 if Ṁacc ≤ 10−9 M⊙ yr−1

Here,〈a〉Sam.sil., in unite of µm, is the average sizes of amorphous silicates in the “warmer” disk
regions, andṀacc is the accretion rates in unit ofM⊙ yr−1.

Fig. 2.14 shows the mass fraction of crystalline material inthe “warmer” and “colder” disk
regions versus the effective temperatures of the central stars for our sample of cool T-Tauri stars.
Again we use the Kendallτ test to evaluate any possible correlation between both quantities,
which yieldsτ=0.01 andp=0.95 for the warm disk part (panel a in Fig. 2.14), andτ=−0.25
and p=0.31 for the cooler disk part (panel b). Thus there is no significant correlation between
the mass fraction of crystalline silicates in the disk and the stellar effective temperature for cool
T Tauri stars.

In Fig. 2.15 we plot the crystallinity of the disk material against the mass accretion rates. Once
again we run the Kendallτ test, and find essentially no correlation in the warm disk regions
(τ=−0.14, p=0.62) and possibly a slight anti-correlation (τ=−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 theǫ Cha association focusing on the properties of the central
stars and their circumstellar disks, using a combination ofavailable archive data and our own
Spitzer spectroscopy and VLT/VISIR imaging data.

Using proper motions we confirm the membership of most studied stars but question the member-
ship of stars CXOU J120152.8 (ID#9) and 2MASS J12074597(ID#12). We estimated the masses
and ages of theǫ Cha members and find HD 104237C to be a sub-stellar object with avery low
mass of 13-15 MJup, putting it at the boundary between brown dwarfs and “free floating planets”

The object 2MASS J12014343-7835472 (ID#11) is unusually faint at optical wavelengths while
also showing exceptionally large equivalent widths of someoptical emission lines and an ex-
ceptionally strong infrared excess. Similar objects have been discovered in other star-forming
regions and we tentatively explain this behavior with a flared disk seen at moderately high in-
clination in which the cold outer disk regions cause sufficient extinction to effectively screen
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Figure 2.14: (a)The mass fractions of crystalline materialcompared to the effective temperature
of the central stars (which correlates closely with the bolometric luminosity, see Fig. 4.8. The
crystallinities are derived from the 7-17µm part of the IRS spectra. (b) similar to (a), except that
the crystallinities are derived from in 17-37µm part of the IRS spectra. The filled circles show
the CTTSs, and the open circles represent the WTTSs. The pentagram marks object ID#10 in
ǫ Cha.

Figure 2.15: (a)The mass fractions of crystalline silicates plotted versus the accretion rates of the
central objects. Panel (a) shows the crystallinities as derived from the 7-17µm part of the IRS
spectra, panel (b) shows the same quantity derived in the 17-37µm 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 light, but allow most of the infrared light
from the warm disk regions to pass. The protoplanetary diskssurrounding the cool stars USNO-
B120144.7 and 2MASS J12005517 show evidence for a reduced height of the optically thick
disk due to dust settling. The disk around HD 104237E shows evidence for partial dissipation in
its inner part while its outer disk remains essentially intact.

We found that both the disk frequency and the accretor frequency in theǫ Cha association are
higher than those in relatively dense clusters of similar age. Three other sparse stellar associa-
tions for which data are available in the literature also show comparatively high disk frequen-
cies. Disk evolutions appears to proceed substantially slower in sparse associations compared to
denser environments.

We derive the mineralogical composition and grain size distribution of the (sub-) micron sized
dust in the disk atmosphere using the Two Layer Temperature Distribution (TLTD) method.
We find that the average grain sizes and fraction of crystalline material are higher in the warm
inner disk regions that dominate the short wavelength part of the IRS spectra compared to cooler
regions at larger distance from the central star that contribute mostly to the longer wavelength
range covered by the IRS. We also find that the average sizes of amorphous grains in the warm
inner disk regions show a positive correlation with the accretion rates if the latter is higher than
∼10−9 M⊙ yr−1.

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 are included with median ages
ranging from∼0.9 to∼11 Myr. It can be noted that the disk frequencies in the sparsestellar
association, MBM 12,ǫ Cha,ηCha, 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 M spectral types. Among
these, 8 objects have been detected by the Spitzer IRS, and 7 objects show evidence for a cir-
cumstellar disk (MBM 12-2,3,4,5,6,10,12) (Meeus et al. 2009). If we only use the Spitzer IRS
spectra to judge the presence of disks in MBM 12, its disk frequency can be underestimated com-
pared to other SFRs toward which the Spitzer IRAC photometric data are used to characterize
the disks. To remedy it, we use all the available informationrelated to the disks, e.g. Hα emis-
sion line that can be used as a tracer of accretion activity, therefore an indication of the presence
of disks. Among the 4 objects without Spitzer IRS spectra, MBM 12-8 shows signs of active
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accretion in the form of a strong Hα emission line (EWHα=-120Å), suggesting that also around
MBM 12-8 a disk is present. Thus, the disk frequency for all known members is∼67±24%
(8/12), and the one for the members with masses of 0.1-0.6M⊙ is ∼67±27% (6/9).

ηCha In theηCha association 18 members have been observed with Spitzer. The disk frequency
is estimated to be∼44±16% (8/18) (Megeath et al. 2005b; Sicilia-Aguilar et al. 2009). Forthe
members with masses of 0.1-0.6M⊙, the disk frequency is∼58±22% (7/12).

TW hya To estimate the disk frequency of this association we first constructed a catalog of
members of this group. Our catalog is based on the TW Hya membership criteria as refined by
Mamajek (2005), and includes TWA-1, 2A, 2B, 3A, 3B, 4, 5A, 5B, 6, 7, 8A, 8B, 9A, 9B, 10,
11A, 11B, 13A, 13B, 14, 15A, 15B, 16, 20, 21, 23, 25, 26, 27, 28, plus new identified members
TWA-29 30A, 30B (Looper et al. 2007, 2010a,b). Among these members, TWA-1, 3A, 4, 7,
11A, 27, 28, 30A, and 30B show evidence for a disk (Jayawardhana et al. 1999; Riaz & Gizis
2008; Looper et al. 2010a,b). Thus, the disk frequency for all known members is estimated to
be∼27±9%(8/33), and the disk frequency for members with masses of 0.1-0.6 M⊙ is ∼24±12%
(4/17).

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

In Table 2.7, we list the targets used in Figs. 2.12, 2.13, 2.14, and 2.15. The total luminosity, ex-
tinction, and accretion rates listed here for each object are derived using the procedure described
in Section 2.1.1 and in Chapter 3. The stellar masses and ages are estimated by comparison to
theoretical pre-main sequence (PMS) evolutionary tracks from Dotter et al. (2008). We collected
the dust properties for each disk from the literature (Sicilia-Aguilar et al. 2008; Meeus et al.
2009; Sicilia-Aguilar et al. 2009). These include the average size of amorphous and crystalline
silicate grains, and the mass fractions of crystalline silicate grains, and were derived using the
same TLTD method as we used for the analysis of the spectra of theǫ Cha members, as described
in Section 2.1.3.
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Table 2.6: the fractions of YSO with disks in different SFRs. Column 2: the median age of each
SFR. Column 3: the references for the median age of SFR. Column 4: the disk frequencies for all
known members. Column 5: the references for disk frequenciesof all known members. Column
6: the disk frequencies for the members with masses of 0.1-0.6 M⊙. Column 7: the references
for disk frequencies listed in Column 6.

(1) (2) (3) (4) (5) (6) (7)

Age DFAll DF0.1−0.6M⊙

SFR (Myr) Ref (%) Ref (%) Ref

L988 0.6 (1) 83±8 (2) · · · · · ·
NGC 2068/71 0.9 (3) 79±9 (3,4) 68±13 (3,4)

Taurus 1.5 (5) 64±4 (6) 71±11 (7)

Cha I 2.0 (8) 53±5 (9) 51±9 (7)

IC 348 2.5 (10) 50±6 (10) 41±5 (7)

NGC 2264 2.5 (11) 38±3 (12) · · · · · ·
σOri 3.0 (13) 36±4 (13) · · · · · ·
Tr 37 4.0 (14) 48±6 (15) 70±15 (7)

λOri 5.0 (16) 28±4 (16) · · · · · ·
NGC 2362 5.0 (17) 19±2 (18) 9±4 (7)

Ori OB1 b 5.0 (19,20) 13±4 (21) 14±7 (7)

25 Ori 8.0 (19,20) 6±3 (21) 3±3 (7)

NGC 7160 11.0 (14) 4±3 (15) 13±13 (7)

Upper Sco 5. (7) 9±2 (7) 15±4 (7)

MBM 12 2. (22) 67±24 (23) 67±27 (24)

ǫ Cha 4. (24) 50±20 (25) 67±33 (24)

ηCha 6. (22) 44±16 (25,26) 58±22 (24)

TW hya 10. (27) 27±9 (24) 24±12 (24)

(1) Herbig & Dahm (2006); (2) Luhman et al. (2010); (3) Chapter3; (4) Flaherty & Muzerolle
(2008); (5) Bricẽno et al. (2002); (6) Luhman et al. (2010); (7) Kennedy & Kenyon (2009);(8)
Luhman (2007); (9) Luhman et al. (2008a); (10) Lada et al. (2006); (11) Dahm et al. (2007); (12)
Sung et al. (2009); (13) Luhman et al. (2008b); (14) Sicilia-Aguilar et al. (2005); (15) Sicilia-
Aguilar et al. (2006a); (16) Barrado y Navascués et al. (2007); (17) Moitinho et al. (2001); (18)
Currie et al. (2009); (19) Bricẽno et al. (2005); (20) Bricẽno et al. (2007); (21) Herńandez et al.
(2007a); (22) Luhman & Steeghs (2004); (23) Meeus et al. (2009); (24) this paper; (25) Megeath
et al. (2005b); (26) Sicilia-Aguilar et al. (2009); (27) Webb et al. (1999).
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Table 2.7: Stellar and disk properties for young stellar objects. Column 13, 14, 15: the average
size of amorphous (〈a〉Sam.sil.) and crystalline grains (〈a〉Scryst.sil.) and the mass fractions of crys-
talline grains (f S

cryst) are derived from 7-17µm, besides the objects CRA-466, CRA-4107, G-14,
G-85, and G-87, of which IRS spectra between 7-14µm are used for fitting. Column 16, 17, 18:
the average size of amorphous (〈a〉Lam.sil.) and crystalline grains (〈a〉Lcryst.sil.) and the mass fractions
of crystalline grains (f L

cryst) are derived from 17-35µm.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19)

RA DEC Teff Lbol Av EW(Hα) Log Ṁacc Mass Age 〈a〉Sam.sil. 〈a〉
S
cryst.sil. f S

cryst 〈a〉Lam.sil. 〈a〉
L
cryst.sil. f L

cryst

Object (J2000) (J2000) Spt (K) (L⊙) (mag) (Å) class (M⊙ yr−1) ( M⊙) (Myr) ( µm) (µm) (%) (µm) (µm) (%) Ref

MBM 12-2 02:56:07.99+20:03:24.3 M0 3850 0.476 0.5 -40.0 C -8.32 0.57 1.8 4.1+0.1
−0.1 5.2+0.1

−0.1 10.7+0.7
−0.8 0.1+0.1

−0.0 0.8+0.0
−0.0 1.8+0.1

−0.1 (1)

MBM 12-3 02:56:08.42+20:03:38.6 M3 3415 0.636 0.0 -25.0 C -8.45 0.27 0.2 4.0+0.4
−0.6 1.7+1.7

−1.1 5.8+2.1
−1.6 1.2+0.1

−0.1 0.4+0.3
−0.2 4.8+0.4

−0.4 (1)

MBM 12-6 02:58:16.09+19:47:19.6 M5 3200 0.204 0.0 -29.0 C -9.44 0.21 0.6 3.9+2.0
−3.1 5.3+0.2

−0.2 46.5+24.9
−16.6 1.5+0.4

−0.2 0.1+0.0
−0.0 7.1+1.5

−1.3 (1)

MBM 12-10 02:58:21.10+20:32:52.7 M3.25 3379 0.280 0.0 -12.0 W · · · 0.28 0.8 5.3+0.1
−0.1 1.9+2.1

−0.9 4.6+4.6
−1.7 0.4+0.9

−0.3 · · · 2.9+3.1
−1.5 (1)

MBM 12-12 03:02:21.05+17:10:34.2 M3 3415 0.563 0.0 -69.0 C -8.00 0.27 0.3 6.0+0.0
−0.1 5.5+0.1

−0.1 32.8+2.9
−2.8 0.6+0.3

−0.2 0.8+0.2
−0.2 3.3+1.1

−0.7 (1)

CRA-466 19:01:18.93−36:58:28.2 M2 3650 0.154 6.4 -14.5 C -9.82 0.54 7.8 1.5+0.1
−0.1 4.3+0.5

−0.5 23.0+2.0
−2.0 4.3+2.9

−2.9 1.8+2.1
−2.1 14.0+7.0

−7.0 (2)

CRA-4107 19:02:54.65−36:46:19.1 M4.5 3198 0.029 0.0 · · · ... · · · 0.19 10.9 5.7+2.6
−2.6 4.1+3.3

−3.3 19.0+11.0
−11.0 · · · · · · · · · (2)

G-14 19:02:12.02−37:03:09.3 M4.5 3198 0.016 1.1 -7.4 W · · · 0.18 22.9 4.5+0.2
−0.2 0.2+0.4

−0.4 2.8+0.3
−0.3 · · · · · · · · · (2)

G-85 19:01:33.86−36:57:44.8 M2.5 3488 0.348 15.5 -27.0 C -8.87 0.33 0.8 2.1+0.7
−0.7 2.4+0.8

−0.8 14.0+2.0
−2.0 1.0+0.5

−0.5 0.7+0.6
−0.6 16.0+6.0

−6.0 (2)

G-87 19:01:32.33−36:58:03.0 M3.5 3343 0.127 13.6 -4.0 W · · · 0.29 2.7 1.5+0.8
−0.8 0.7+1.2

−1.2 26.0+8.0
−8.0 · · · · · · · · · (2)

J0843 08:43:18.58−79:05:18.2 M3.4 3357 0.080 0.0 -90.0 C -9.44 0.30 6.2 1.5+0.1
−0.1 0.7+0.1

−0.1 29.0+2.0
−2.0 1.4+0.1

−0.1 0.8+0.1
−0.1 5.8+0.1

−0.2 (3)

RECX-5 08:42:27.11−78:57:47.9 M3.8 3299 0.061 0.0 -35.0 C -10.17 0.26 6.8 1.5+0.1
−0.1 0.9+0.1

−0.1 22.0+2.0
−2.0 1.8+0.9

−0.3 0.2+0.1
−0.1 9.0+1.0

−1.0 (3)

RECX-9 08:44:16.38−78:59:08.1 M4.4 3212 0.092 0.0 -10.0 W · · · 0.21 2.4 1.2+0.2
−0.2 1.0+0.1

−0.2 19.0+5.0
−3.0 2.0+1.0

−1.0 1.2+0.6
−0.4 16.0+9.0

−7.0 (3)

(1) Meeus et al. (2009); (2) Sicilia-Aguilar et al. (2008); (3) Sicilia-Aguilar et al. (2009)
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Star and protoplanetary disk properties in Orion’s
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Circumstellar disks play a key role in the formation of new stars and planetary systems, and form
as a result of angular momentum conservation during the protostellar core collapse (Shu 1977;
Hartmann 2005a). Through the disks, a significant fraction of the stellar mass is accreted, while
the excess angular momentum is transported outward.

After the main accretion phase has ended, gas-rich circumstellar disks can survive at low accre-
tion rates until they are eroded by stellar winds, photo-evaporation, or interaction with giant gas
planets or stellar companions (Artymowicz & Lubow 1994; Clarke et al. 2001; Alexander et al.
2006; Rice et al. 2003; Quillen et al. 2004; Hillenbrand 2008). It is during this phase that plan-
ets are believed to form inside the disks. A direct observational link between planet formation
and disk evolution was recently proposed by Setiawan et al. (2008), who found evidence for a
massive planet in close orbit around TW Hya, whose disk is currently being dissipated and is
thought to be in a transition state between a gas-rich disk typical of classical T-Tauri stars and a
gas-poor debris disk. This finding was, however, questionedby Huélamo et al. (2008), who in-
stead attribute the observed radial velocities to a large stellar spot that rotationally modulates the
signal. However, the brightness variations that are inherent to the spot model were not detected
in 2008 by Rucinski et al. (2008) while the radial velocity variations first seen by Setiawan et al.
(2008) remain present (Setiawan et al. in prep), seriously challenging the spot model of Huélamo
et al. (2008). At any rate, knowledge of disk evolution is clearly pivotal to understanding planet
formation (Henning 2008).

The disk dissipation process has been constrained observationally by investigating the fraction
of young stars that have strong excess emission from disk material at near-infrared wavelengths,
in clusters exhibiting a range of ages. Near-infrared imaging surveys have suggested that the
inner disk frequency is>50% at ages of 1-2 Myr, and dramatically decreases to∼10% at ages of
5-10 Myr, indicating that the lifetime of inner disks is a fewMyr (Strom et al. 1989; Haisch et al.
2001; Hillenbrand 2002). Observations at longer mid-infrared to millimeter wavelengths, tracing
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cooler dust at larger radii within the disks, have suggestedthat the outer parts of the disks survive
somewhat longer than the regions close to the central star (Osterloh & Beckwith 1995; Meyer &
Beckwith 2000; Mamajek et al. 2004; Andrews & Williams 2005; Carpenter et al. 2005).

The rate at which disk material accretes onto the central star can be estimated from the infrared
excess, veiling in optical spectra, and emission lines thatare thought to be due to magnetospheric
accretion (Hillenbrand et al. 1992; Hartigan et al. 1995; Gullbring et al. 1998; Muzerolle et al.
1998b; Calvet et al. 2000; Muzerolle et al. 2001). The accretion rate has been found to scale
approximately with the square of the stellar mass from the brown dwarf to the HAeBe star regime
(Muzerolle et al. 2003; Natta et al. 2006; Calvet et al. 2004; Muzerolle et al. 2005; Herczeg
& Hillenbrand 2008). Additionally, a clear trend of decreasing accretion rate with increasing
age has been identified (Hartmann et al. 1998; Calvet et al. 2000; Sicilia-Aguilar et al. 2004;
Hartmann 2005b).

With the advent of the Spitzer Space Telescope our ability tostudy disk evolution has dramat-
ically increased, both by largely increasing of the number of stars and clusters studied, as well
as extending the wavelength range at which large samples of objects can be accurately measured
further into the infrared. Many young stars in clusters withages from 1 Myr to tens of Myrs
have been studied (e.g. Gutermuth et al. 2004; Young et al. 2004; Hartmann et al. 2005; Megeath
et al. 2005b; Lada et al. 2006; Sicilia-Aguilar et al. 2006a,2008; Herńandez et al. 2006; Dahm
& Hillenbrand 2007; Herńandez et al. 2007b; Flaherty & Muzerolle 2008). The inner disk frac-
tion changes from>54±15% in the core of the 1-Myr-old cluster NGC 7129 (Gutermuth et al.
2004), to∼44±7% in the cluster IC 348 with an age of 2-3 Myr (Lada et al. 2006), ∼33.9±3.1%
in the 3-Myr-old clusterσ Orionis (Herńandez et al. 2007b),∼20% in the 5-Myr-old cluster
NGC 2362(Dahm & Hillenbrand 2007), to 4% in the cluster NGC 7160 with an age of∼10 Myr
(Sicilia-Aguilar et al. 2006a). Generally, the disk fraction decreases with increasing cluster age,
confirming previous results on the dissipation timescale based mainly on ground-based near-
infrared data.

Some studies show that the disk fraction peaks for stars in the T Tauri mass range (Hernández
et al. 2007b), especially for those of K6-M2 types with masses around one solar mass, suggesting
that planet formation is favored around solar-mass young stars (Lada et al. 2006; Hernández et al.
2007a). Research on weak-line T Tauri stars (WTTS) with ages of1-2 Myr shows that up to 50%
of WTTSs no longer possess inner disks, indicating that some young stars can dissipate their
disks at very early ages (Cieza et al. 2007). Observations at mid-infrared or longer wavelengths
identify many stars with prominent excesses at these wavelengths, in some cases also in objects
showing no near-infrared excess, whose inner disk regions appear to already have dissipated
(Muzerolle et al. 2004; Young et al. 2004; D’Alessio et al. 2005; Calvet et al. 2005; Gautier et al.
2008).
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In this chapter, we combine optical spectroscopy with optical, near-, and mid-infrared photom-
etry to characterize the stellar- and disk properties of a large set of young stars located in the
Lynds 1630 and Lynds 1641 clouds, located in the Orion molecular cloud complex. The distance
to this complex is estimated to be between 400 and 500 pc (e.g.Anthony-Twarog 1982; Hirota
et al. 2007), and the region probably has a “depth” of at leastseveral tens of parcecs. Throughout
this work we will assume a distance of 450 pc for both the L1630and L1641 clouds. L1630
lies in the northern part of the Orion complex (Orion B), and L1641 is located in the southern
part (Orion A). Toward L1630, near-infrared surveys show that most young stars are found in
four clusters (NGC 2023, NGC 2024, NGC 2068, and NGC 2071) rather than being uniformly
distributed (Lada et al. 1991; Li et al. 1997). In NGC 2068/2071, which are located in the north-
ern part of L1630 and named L1630N hereafter, a previous study shows that 53 out of the 67
identified members have infrared excesses, and all stars with infrared excess also display active
accretion (Flaherty & Muzerolle 2008). Here, we extend the number of identified and charac-
terized young stars in this region. In contrast to the L1630 region, the L1641 cloud harbors a
large population of young stars existing in relative isolation, in addition to a population of stars
in a number of clusters or aggregates (Strom et al. 1993; Allen 1995). Thus, a comparative study
of disks around young stars in L1630 and L1641 offers the opportunity to study the effect of a
clustered or isolated environment on the disk evolution.

We arrange the chapter as follows: in§ 3.1 we describe the observations and data reduction, in
§ 3.2 we delineate our data analysis, we present our result in§ 3.3, followed by a discussion in
§ 3.4, and we summarize the results of this study in§ 3.5.

3.1 Observations and data reduction

The data employed in this work consist of photometry in the 0.4 to 24µm range, and optical
spectroscopy from∼4000 to∼9000 Å. The optical photometry of the south-east half of L1641
is new, and the rest of the photometry are publicly availablearchive data. We performed optical
spectroscopy with the multi-object spectrograph VIMOS at the ESO-VLT.

3.1.1 Optical photometry

Optical photometry was taken from the Sloan Digital Sky Survey (SDSS, York et al. 2000) in the
u′g′r ′i′z′ bands centered on 0.35, 0.48, 0.62, 0.76 and 0.91µm, respectively. The L1630N cloud
was covered entirely and scanned multiple times (∼3.3 times on average), resulting in average
10σ limiting magnitudes of 21.9, 23.0, 22.4, 21.8, and 20.2, respectively. The L1630N data are
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publicly available in the SDSS “Low Galactic Latitude Fields” data release (Finkbeiner et al.
2004). Only about half of the L1641 cloud was covered by SDSS and the covered parts were
scanned an average of∼1.3 times, with resulting 10σ limiting magnitudes of about 20.5, 21.7,
21.4, 21.1 and 19.7, respectively. The south-east half of the L1641 cloud has not been observed
by SDSS.

Table 3.1: Observing log for the LAICA imaging observations of L1641.

Pointing center Observation date Airmass Exposure times

Fields (J2000) (UT) (g’/r’ /i’ /z’) (second) Calibartion fields

L1641-1 05 39 17.29−07 12 41.7 2007-12-15 21:52:15–22:37:36 1.6/1.6/1.6/1.7 1, 45, 300 SA98

L1641-2 05 40 18.76−07 28 03.5 2007-12-15 22:40:01–23:24:01 1.4/1.5/1.5/1.5 1, 45, 300 SA98

L1641-3 05 41 20.10−07 43 26.3 2007-12-15 23:27:25–00:12:01 1.4/1.4/1.4/1.4 1, 45, 300 SA98

L1641-4 05 42 21.46−07 58 48.9 2007-12-16 00:13:57–00:57:30 1.4/1.4/1.4/1.4 1, 45, 300 SA98

L1641-5 05 43 22.91−08 14 10.5 2007-12-16 00:59:17–01:43:11 1.5/1.5/1.5/1.5 1, 45, 300 SA98

L1641-6 05 44 24.25−08 29 33.3 2007-12-16 01:45:51–02:29:56 1.7/1.7/1.6/1.6 1, 45, 300 SA98

L1641-7 05 40 18.20−07 43 35.7 2008-03-11 20:07:04–20:54:23 1.6/1.7/1.7/1.8 1, 45, 300 SA98

L1641-8 05 41 19.55−07 58 58.6 2008-03-11 20:58:16–21:41:39 2.0/2.0/2.2/1.8 1, 45, 300 SA98

L1641-9 05 42 20.89−08 14 20.5 2008-03-12 20:19:18–20:34:37 1.6/1.6/1.6/1.7 1, 45, 300 SA95,SA98

L1641-10 05 43 22.35−08 29 43.5 2008-03-12 20:47:01–21:26:38 1.8/1.9/2.0/2.1 1, 45, 300 SA95,SA98

We complemented the SDSS photometry of L1641 with CCD imaging in the SDSSg′r ′i′z′

bands performed at the Calar Alto 3.5m telescope, using the Large Area Imager for Calar Alto
(LAICA). LAICA is a wide field optical imager employing four 4k×4k CCDs. Part of the south-
east half of L1641 was observed on December 15, 2007. Conditions were photometric, but
the seeing was poor (2-3′′), somewhat limiting the sensitivity for faint point sources (∼19.6,
19.6, 19.9, and 18.9 mag atg′r ′i′z′ band, respectively). In order to increase the dynamic range,
three exposures were taken at each position and in each filter, with integration times of 1/45/300
seconds (see table 3.1). Standard data reduction for optical CCD imaging consisted of bias sub-
traction, flat-fielding using sky flats, and removal of fringing due to night sky airglow in thei′

andz′ bands.

The astrometric solution was determined for each individual CCD frame by correlating stellar
positions with the USNO A-2 catalog, typically using a few dozen stars but never fewer than
5. The resulting positional uncertainties of detected stars are less than 0.′′5 over the whole field,
sufficient for unambiguous cross-identification with sources detected in the infrared data. Pho-
tometric calibration was performed by observing Landolt standard field SA98, and SA95. These
fields have been observed by SDSS. We used the SDSS photometryof all the isolated stars to
calibrate our LAICA observation. The photometry for each star was chosen from the longest
unsaturated exposure. In total, almost the entire L1630N and L1641 Spitzer fields are covered
by our optical imaging.
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3.1.2 Infrared photometry

Near-infrared photometry in theJ, H, andKS bands was taken from the Two-Micron All Sky
Survey (2MASS, Skrutskie et al. 2006), with 10σ limiting magnitudes of 16.2, 15.3, and 14.6
magnitudes, respectively. The L1630N and L1641 clouds wereimaged using the Spitzer Space
Telescope IRAC (Fazio et al. 2004) and MIPS (Rieke et al. 2004) cameras.

(1) IRAC photometry

IRAC images at 3.6, 4.5, 5.8, and 8.0µm were made in High-Dynamic Range mode with inte-
gration times of 0.4 and 10.4 seconds (Spitzer program ID 43). Four mosaics were made of each
cloud, with a fair amount of overlap between the individual exposures in each mosaic. The IRAC
data of the L1630 and L1641 clouds were published previouslyby Megeath et al. (2005a).

The Spitzer archive provides pipeline reduced (version S14.0.0) image mosaics as well as the
corresponding pixel to pixel flux uncertainty maps. For eachfield the individual mosaics were
combined into a final image by making a weighted average (after cosmic ray rejection by a
sigma-clipping procedure, and using the uncertainty maps as weights). Separate images were
created from the 0.4 and 10.4 second exposures.

A custom made IDL program was used to search for point sourcesin the IRAC images. At its
heart is thefind.pro procedure from theastrolib library. However, rather than searching
for point sources in the images themselves, we letfind search in an imageminusa smoothed
version of that image, thus effectively removing the sometimes bright and inhomogenous nebular
background. Moreover, we used a variable detection threshold that is low in “clean” regions,
but higher in regions with a high background. After determining proper extraction parameters
and extensive testing of the procedure, checking the results by eye, we found that our procedure
is very robust and effectively finds all but the very faintest sources in the whole image, without
yielding false detections in regions with high and variablebackground.

The source finder was run in each of the 4 IRAC bands, on the shortand long exposures sep-
arately. Source detections in the various bands were correlated by spatial coincidence within
1 pixel (1.′′2). Only sources that were seen in both the 3.6 and 4.5 micron bands were kept in
the analysis (source counts amount to∼25000 and∼40000 in the L1630N and L1641 fields,
respectively).

PSF photometry was performed on the detected sources. For each band, the point spread function
was determined from bright, isolated, non-saturated stars. The psf-fitting program is based on
the StarFinder code (Diolaiti et al. 2000). The psf-fitting extraction box is 15.6′′×15.6′′for each
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IRAC band. The zero-point magnitudes are 17.30, 16.82, 16.33, and 15.69 in the 3.6, 4.5, 5.8,
and 8.0µm bands, respectively. We compared the photometry at short and long exposures to
determine the saturation level for the longer exposures. Ifthe stars are not saturated on the long-
exposure images, we select their photometry from these long-exposure images. Otherwise, we
select them from the short-exposure images. Flaherty & Muzerolle (2008) present photometry
of 69 stars in L1630N. A comparison between their photometric magnitudes and ours shows rms
differences of∼0.06-0.1 mag for the four IRAC bands. Adopting these values astypical uncer-
tainties in our photometry, we conclude that the photometric accuracy of the pipeline processed
data as we have used them, without any custom post-processing, is perfectly adequate for our
purposes1.

(2) MIPS photometry

The L1630N and L1641 clouds were mapped with the MIPS instrument (Spitzer program ID
47). The effective integration time was 80, 40, and 8 seconds at 24, 70, and 160µm, respec-
tively. Following Flaherty & Muzerolle (2008), who previously presented the L1630N data, we
included only the 24µm data due to lack of detected Class II sources at the longer wavelengths2.
The same searching and psf-fitting programs as used for the IRAC data were used on the 24µm
image, with a psf-fitting extraction box of 56.35′′×56.35′′and a zero-point magnitude of 11.76.

3.1.3 Optical spectroscopy

The main new data set presented in this chapter is VLT/VIMOS optical spectroscopy of over
700 targets in the direction of the L1630 N and L1641 star-forming clouds. Accurate stellar
parameters and extinction estimates for individual objects cannot be derived from photometry
alone, but instead require the combination of spectroscopyand photometry.

(1) Target Selection

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

1The [5.8] magnitude for YSO #105 in L1630N, as well as the [8.0] magnitudes for the YSOs #24, 54, 76,
84,105, 116, 125, 128 in L1630N, were adopted from Flaherty &Muzerolle (2008).

2The MIPS [24] magnitudes for YSOs #24, 81, 125, 126 in L1630N were adopted from Flaherty & Muzerolle
(2008).
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pointings were chosen on the basis of the Spitzer IRAC data andwe selected those fields with
many potential YSO candidates, i.e. IR excess sources, for optical follow-up. In the [5.8]-[8.0]
vs. [3.6]-[4.5] color-color diagrams, we selected YSO candidates using the following criteria
(see Fig. 3.1): (1) 0.4≤[5.8]-[8.0] ≤1.1 and 0.1≤[3.6]-[4.5] ≤0.8 (classical T Tauri candidates),
(2) 0.2≤[5.8]-[8.0] ≤1.0 and -0.1≤[3.6]-[4.5] ≤0.2 (transition disk candidates), or (3) 0.4≤[5.8]-
[8.0] ≤1.4 and 0.8≤[3.6]-[4.5] ≤2.0 (class 0/I candidates), see also Allen et al. (2004).

Figure 3.1: Spitzer [5.8]-[8.0] vs. [3.6]-[4.5] color-color diagrams for all objects detected at
all four IRAC bands in L1630N and L1641. Three boxes enclose the boundaries of candidate
selection regions for three types of YSOs, i.e. class 0/I YSOs, class II YSOs, and YSOs with
transition disks.

Pre-imaging in R-band of the selected fields was performed with VIMOS. Based on these data,
targets that are sufficiently bright were selected for spectroscopic follow-up.Here, preference
was given to sources with IRAC colors that suggest they are young stars possessing disks, but
many sources that do not posses colors within the boxes outlined above were selected as well,
mostly sources without obvious IR excess emission. This approach has the advantage that a large
fraction of available resources are spent on young stars instead of unrelated background objects,
but it also introduces a bias toward IR excess sources in the sample of cluster members (see
Sect. 3.1.3(3)).

(2) VLT /VIMOS observations

We usedVIMOS, the Visible Multi-Object Spectrograph (LeFevre et al. 2003) mounted on the
ESO Very Large Telescope to obtain optical spectra. The observations were performed during
the period from December 2006 to March 2007 with two intermediate resolution grisms, the
HR blue (λ/∆λ=2050 for a slit width of 1′′) and HR red (λ/∆λ=2500 for a slit width of 1′′)
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Figure 3.2: The distribution of YSOs in L1630N and L1641 overplotted on a13CO integrated
intensity image (Bally et al. 1987; Miesch & Bally 1994). The filled circles mark the YSOs
discussed in this chapter, which have confirmed spectral types. The asterisks and pluses represent
the class 0/I and class II YSOs, respectively. The boxes show our fields ofview of our VIMOS
observations, each set of four quadrants representing one VIMOS pointing.

grisms, covering the wavelength range from 4100Å to 8750Å (see table 3.2). We observed 322
targets in L1630N and 393 in L1641, distributed over 3 and 5 VIMOS pointings, respectively (see
Fig. 3.2). For each pointing we performed three 25-minute exposures. The VIMOS spectra were
reduced using the VIMOS pipeline provided by ESO (Carlo Izzo,private communication). Two
methods can be applied to subtract telluric and nebular emission lines from the stellar spectra: the
“skylocal” and “skymedian” options. In the “skylocal” method, the sky spectrum is subtracted
from CCD science data before the data are corrected for opticaldistortions. In the “skymedian”
method, the sky subtraction is performed on the distortion-corrected science data, which have
been resampled. We prefered the skylocal method, and only very occasionally used spectra
from the skymedian method, in cases where the the reductionsusing the skylocal method contain
artifacts.

(3) Biases introduced in target selection

We observed a large number of cloud members with and without infrared excess emission, as
well as unrelated field objects, mostly background stars. However, since sources with IR excess
emission were more likely (see Sect. 3.1.3(1)) to be included in the optical spectrocopic obser-



STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’S SUBURBS 55

Table 3.2: Observing log for the VIMOS optical spectroscopy.

Pointing center Data/time of observations Integration time

Fields (J2000) (UT) (second) Airmass

L1630-1 BLUE 05 46 57.08+00 23 34.4 2007-02-11 01:14:15/01:40:37/02:07:10 3×1526 1.1/1.1/1.1

RED 05 46 57.08+00 23 34.2 2007-02-09 02:13:46/02:40:08/03:06:40 3×1526 1.1/1.2/1.3

L1630-2 BLUE 05 46 11.01+00 08 33.3 2007-02-19 01:07:22/01:33:44/02:00:16 3×1526 1.1/1.1/1.2

RED 05 46 11.00+00 08 33.0 2007-02-18 01:19:07/01:45:29/02:12:00 3×1526 1.1/1.2/1.2

L1630-3 BLUE 05 46 04.81−00 06 54.8 2007-02-20 00:54:26/01:20:48/01:47:19 3×1526 1.1/1.1/1.2

RED 05 46 04.80−00 06 54.8 2007-02-21 00:52:21/01:18:42/01:45:13 3×1526 1.1/1.1/1.2

L1641-1 BLUE 05 35 50.41−06 20 43.3 2007-01-28 01:35:00/02:01:22/02:27:54 3×1526 1.0/1.1/1.1

RED 05 35 50.41−06 20 43.3 2007-01-28 03:08:50/03:35:12/04:01:46 3×1526 1.1/1.2/1.2

L1641-2 BLUE 05 36 19.38−06 46 15.1 2006-12-22 04:53:29/05:16:31/05:39:44 3×1326 1.1/1.1/1.1

RED 05 36 19.38−06 46 15.2 2006-12-21 04:33:45/04:56:47/05:20:01 3×1327 1.1/1.1/1.1

L1641-3 BLUE 05 38 25.92−06 59 43.2 2007-02-17 00:58:59/01:25:21/01:51:51 3×1526 1.1/1.1/1.1

RED 05 38 25.92−06 59 43.2 2007-02-15 01:11:09/01:37:31/02:04:01 3×1526 1.1/1.1/1.1

L1641-4 BLUE 05 42 01.92−08 04 49.0 2007-02-22 01:30:08/01:56:30/02:23:01 3×1526 1.1/1.1/1.2

RED 05 42 01.94−08 04 49.4 2007-03-12 00:56:23/01:22:45/01:49:16 3×1526 1.2/1.2/1.3

L1641-5 BLUE 05 40 51.60−07 51 01.4 2007-01-25 01:54:00/02:20:21/02:46:55 3×1526 1.0/1.0/1.1

RED 05 40 51.60−07 51 02.0 2007-01-27 01:16:57/01:43:19/02:09:49 3×1526 1.1/1.0/1.0

vations, our sample will be biased towards these. Therefore, quantities like theabsolutedisk
fraction will be affected, and in general will be over-estimated. However,relativetrends, such as
the disk fraction as a function of stellar mass, are in principle unaffected by our target selection.

3.1.4 Matching of optical and IR data.

We matched the different photometric data sets and spectra based on spatial coincidence using a
2′′ tolerance. Since the investigated fields are not very crowded this approach is adequate.

3.2 Analysis

In this section we will describe the methods that we applied to extract the physically interesting
information from our data. The main goals are the identification of young stars, the determination
of their stellar parameters, characterization of their disk geometry and estimation of the rate at
which disk material is accreted onto the central star.



56 CHAPTER 3

3.2.1 YSO selection criteria

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

1. IR excess

2. Li I absorption

3. Hα emission

We find that sources with IR excess emission always show Hα emission, though the opposite is
not necessarily true, i.e. some sources show Hα emission but no IR excess. A large fraction of
the sources with Hα emission show Li I absorption in their spectra, and all sources showing Li I
also show Hα emission. We note that there may be a small contamination of our sample with
dMe stars, which are old, M-type stars that show Hα emission due to chromospheric activity.

3.2.2 Spectral classification

We determined the spectral types of the stars for which we have VIMOS spectroscopy using
the classification scheme developed by Hernández et al. (2004). The method uses empirical
relations between the equivalent widths of selected atomicand molecular absorption lines and the
effective temperature. In general, each individual line or molecular band is a sensitive measure
of Teff over a limited range in spectral types only, but the combination of a number of absorption
features yields a unique determination of the spectral typein the range of early B to late M. The
classification scheme consists of 3 subregimes, each spanning a range inTeff: the ”HAeBe” type,
”G” type, and ”late” type scheme. For a detailed descriptionof the method, we refer to Hernández
et al. (2004).

In Fig. 3.3, we show several examples of VIMOS spectra of our target stars, covering the early K
to mid M spectral type range, representative of the vast majority of the young stars in our sample.
The changes in spectral shape over this range are well visible, in particular TiO absorption bands
become prominent in spectral types later than M2. Since VIMOS does not use fibers but rather
employs masks with multiple slits that are directly imaged onto the detectors, the spectral range
covered depends on the position of a star within the field of view. This 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 covering the range of spectral types
of the young stars discussed in this work. The main emission lines have been marked, and the
insets show the Li Iλ6707 absorption line.

(1) Reliability and accuracy of the classification code

In order to test the accuracy and reliability of our spectralclassification code, we ran it on 1273
spectral templates from the Indo-US library (Valdes et al. 2004) and compared the spectral types
derived using our code to those listed in the spectral library. We found that we accurately
recovered the spectral types of the templates over the wholespectral region from early B to late
M, with a standard deviation of∼1 sub type. Since the spectral templates in the library have
their own intrinsic uncertainty that is not much better than1 sub type, we may safely assume
1 sub type as the intrinsic accuracy of our method.

In order to assess the effect of limited SNR in our spectra, we ran the classification code again
after adding normally distributed noise to the template spectra, such that their SNR was reduced
to 30 and 10, respectively. From this exercise, we found thatfor a SNR of 30, we recovered the
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Figure 3.4: Left panel: the differences between the spectral types in this chapter and in theliter-
ature vs their spectral types in literature. Right panel: thedistribution of spectral-type differences
in left panel. Among the total of 95 stars, there are 65% with differences less than one subclass,
and∼ 82% with less than two subclasses.

spectral types nearly as well as for the original templates.For a SNR of 10, we reliably recovered
spectral types later than∼F5, with a accuracy of∼1 sub type. For spectral types earlier than F5,
the method can yield results that are off by 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 the spectral types from our VIMOS data,
94 have been classified previously by other authors (Allen 1995; Flaherty & Muzerolle 2008;
Gâlfalk & Olofsson 2008), allowing an independent check on our classification. Fig. 3.4 shows
the direct comparison between the spectral types we derivedand those quoted in the literature.
65% of this sample agrees within 1 subclass, 82% within 2 subclasses.

(2) Complementary literature spectroscopy

A substantial number of young stellar objects with confirmedspectral types can be found in the
literature, which we used to complement our sample. Allen (1995) presents a list of 337 YSO
candidates. Among these, there are 78 stars that we did not observe with VIMOS, and which
have published equivalent widths of the Hα emission line or exhibit IR excess emission in our
Spitzer data. In Ĝalfalk & Olofsson (2008) we found 39 YSOs with Hα emission and confirmed
spectral types, of which 10 were not covered by our VIMOS observations and were added to our
YSO sample in L1641. Flaherty & Muzerolle (2008) identify 67YSOs in L1630N, of which
we observed 23 with VIMOS. In total, the literature data add 44 and 88 YSOs to our sample in
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the L1630N and L1641, respectively. We used only the spectral types and Hα equivalent widths
given in the quoted papers, and complemented these data withour own optical and infrared
photometry. Subsequently, we derived stellar and disk properties in the same way as for the
VIMOS sample.

3.2.3 Determining the stellar properties

Our optical spectroscopy and photometry provide the observational basis for determining the
stellar parameters of our targets. First, the effective temperatures of the target stars are inferred
from their measured spectral types. Reddened model atmospheres are then fitted to the optical
photometry to determine the angular diameter and the extinction towards each star. Together
with the assumed distance, the angular diameter and effective temperature yield the bolometric
luminosity. Subsequent placement in the HR diagram finally yields estimates of the stellar mass
and age by comparison to theoretical pre-main sequence evolutionary tracks.

(1) Effective temperatures, model atmospheres, and extinction

We transformed the spectral types to effective temperatures using the relation given by Kenyon
& Hartmann (1995) for stars with spectral types earlier thanM0, and those by Luhman et al.
(2003) for stars of type later than M0. We used model atmospheres to represent the optical SED
of our target stars. At temperatures above 4500 K we used the models by Kurucz (1979, 1994),
at lower temperatures we adopted MARCS models (Gustafsson et al. 2008). The surface gravity
was assumed to be those of ZAMS stars and we adopted solar metallicity.

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

(2) Optical SED fitting

We fitted the optical photometry of each star with a (reddened) model atmosphere, keeping the
effective temperature fixed at the spectroscopically determined value. Our SED fit thus has only
2 free parameters: the angular diameterθ and the extinction in the V bandAV. In general we used
the photometricg′, r ′, i′, z′, and J bands in our SED fit, but for stars without near-infrared excess
emission we also included the H and Ks bands. We calculated model fluxes by integrating the
intensity of the (reddened) model atmospheres over the spectral response curve of the system for
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each filter. The synthetic photometry thus obtained was compared to the observations and the
resultingχ2 was minimized in an automated iterative procedure, in whichthe optimum values
for θ andAV are found.

(3) HR diagrams

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

Lbol = πθ
2d2σT4

eff (3.1)

whereθ is the angular diameter,d is the distance,σ is the Stefan-Boltzmann constant, andTeff

is the effective temperature. We adopt a distance of 450 pc for both L1630N and L1641 (Genzel
et al. 1981; Anthony-Twarog 1982; Maddalena et al. 1986; Wilson et al. 2005). Note that we
have implicitly corrected for extinction by calculating the bolometric luminosities in this way.

The thus determined effective temperatures and bolometric luminosities allow placement of our
stars in the HR diagram. Stellar masses and ages can then be estimated by comparison to theo-
retical pre-main sequence (PMS) evolutionary tracks. However, several sets of such tracks exist,
by various authors, which yield significantly different results, in particular for the age (see e.g.
Hillenbrand et al. 2008for a discussion). We estimated masses and ages using four different sets
of publicly available PMS evolutionary tracks: those by D’Antona & Mazzitelli (1997) (DM97),
Baraffe et al. (1998) (B98), Siess et al. (2000) (S00), and Dotter et al. (2008) (D08). In the re-
mainder of the discussion, we will adopt the values obtainedby employing the PMS evolution
tracks from Dotter et al. (2008), as these have the best resolution in both mass and age. We stress,
however, that there are substantial systematic differences between the different sets of tracks (e.g.
Hillenbrand et al. 2008), and our motives for choosing thoseby Dotter et al. (2008) are merely
pragmatic.

The uncertainties in mass and age of the individual stars were estimated using a simple Monte-
Carlo method, in which we created a large number of synthetic [Teff,L∗] points for each star,
assuming the errors in both quantities to be normally distributed. These points were then inter-
polated in the HR diagram, and the standard deviations in theresulting mass and age distribution
were adopted as the uncertainties in these quantities. Thisprocedure accounts well for the obser-
vational errors, but we stress that systematic uncertainties remain. As noted above, the choice of
theoretical PMS tracks can influence the resulting mass and age strongly, by factors upto∼2–3.
Also, for highly extincted sources, the shape of the adoptedextinction law matters, with higher
values for the total to selective extinctionR leading to higher stellar luminosities and correspond-
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ingly younger ages and, for the earlier spectral types, higher masses.

3.2.4 Determining the disk properties

The disk properties that we can determine from our data are twofold: the spatial structure of the
disk as inferred by the infrared SED, and the accretion rate as deduced from optical emission
lines. Optical emission lines also trace outflow activity, aprocess intimately related to accretion.

(1) Disk structure from the infrared SED

Excess emission above the stellar photospheric level is themost employed indicator for dusty
circumstellar material. The infrared emission from the disks around T Tauri stars is essentially
fully comprised of reprocessed stellar radiation, with generally minor contributions from the re-
lease of gravitational energy close to the central star. Therefore, they are usually referred to as
”passive” disks3. The infrared SED is directly related to the spatial structure of the circumstel-
lar material, even though models fitted solely to SED data maysuffer from degeneracies in the
derived material distribution. In general, models of circumstellar disks adequately reproduce the
SEDs of young stars, and observations that spatially resolve these objects confirm that interpre-
tation (e.g. Eisner et al. 2003; Leinert et al. 2004; Monnieret al. 2005; Akeson et al. 2005a,b;
Isella et al. 2006; Monnier et al. 2006; Eisner et al. 2007; Acke et al. 2008; Kraus et al. 2008),
though there is continued discussion on the relative imporance of anadditional“spherical halo”
component (e.g. Vinković et al. 2003, 2006).

The near-infrared excess (∼1.5µm. λ.5µm) traces hot dust in the inner disk (. 1 AU), with a
possible contribution from small amounts of material in an optically thin envelope. In the longer
part of the observed wavelength range (∼6µm. λ.24µm) the slope of the SED is related to the
shape of the disk on scales4 of ∼1−10 AU: “red” slopes indicate disks with “flared” geometries,
whereas “blue” slopes in this wavelength range point at “flat” disks (see e.g. Meeus et al. 2001;
Dullemond & Dominik 2004; Leinert et al. 2004). It has been suggested that disks with flared
geometries evolve into disks with flat geometries, and that dust settling and grain growth have
proceeded in the latter (e.g. Acke et al. 2004). We useα5.8−24, the slope between the Spitzer
IRAC 5.8µm and MIPS 24µm bands as a measure for the disk flaring.

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

4This is approximately the spatial range probed in this wavelength regime for YSOs of∼ 1L⊙, characteristic for
our sample. The range scales with

√
L∗, and is correspondingly larger for e.g. HAe stars and smaller for young

brown dwarfs.
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A distinct population of young stars shows essentially photospheric emission or a small and very
blue excess at short wavelengths (λ . 6µm), while simultaneously exhibiting moderate to strong
excess emission at longer wavelengths. In these objects, the inner disks appears to have largely or
completely dissipated, whereas the disk at larger radii is still relatively intact. They are thought
to be in a transition stage between optically thick disks anddebris disks. Recently, Muzerolle
(2008) discussed these so-called “Transition Disks”, and distinguished three types: (1) objects
with weak or zero IRAC excess and strong MIPS-24 excess (“canonical transition disks”); (2)
objects with moderate IRAC excess and strong MIPS-24 excess (“pre-transition disks”); and
(3) objects with weak or zero IRAC excess and weak MIPS-24 excess (weak or evolved disks).
We have visually inspected the SEDs of all stars in our sampleand selected all objects that
match one of the aforementioned descriptions. These objects all occupy the lower right part of a
2MASS/Spitzer Ks-[5.8] vs. [8.0]-[24] color-color diagram (see Sect. 3.3.3).

(2) Accretion rates

Several diagnostics can be used to estimateṀacc, the rate at which disk material is accreted onto
the central star. UV excess emission above the photosphericlevel is generally attributed to hot
spots on the star, shock-heated by accreting material hitting the stellar surface at high velocities.
If the amount of excess emission can be well determined, it provides a robust estimate of the
accretion rate (e.g. Gullbring et al. 1998). Similarly, veiling of optical stellar spectra in which an
additional, featureless continuum from accreting material reduces the contrast of photospheric
absorption features can be used (e.g. Hartigan et al. 1991).Optical and near-infrared emission
lines, in particular of hydrogen, are widely used as accretion measures. Their fluxes are relatively
easy to measure and they are sensitive to accretion even at very low levels. However, geometrical
and optical depth effects can strongly influence the appearance of the emission lines, and while
the average line strength correlates strongly with the massaccretion rate, individual objects can
scatter up to two orders of magnitude around the average relation (e.g. Natta et al. 2006). More
detailed studies of emission line profiles, in particular measuring the full width of the line close
to the base, provide more robustṀacc 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 SDSSu′ band, these measurements cannot be used
to estimate the mass accretion rate, for the following reason. In objects with very red optical
SEDs, the observed U-band flux can be severely contaminated by photons that “leak in” from
longer wavelengths, since here the throughput of theu′ filter is close to, but not perfectly, zero.
The typical YSO in our sample has K or M spectral type and an optical extinction of several
magnitudes, leading to very red optical SEDs and a strong ”red leak”. We note that the U-band
filters in other photometric systems suffer from the same effect. We donot employ theu′-band
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photometry to determine accretion rates, neither do we use it in the fits to the optical SEDs
(Sect. 3.2.3(2)).

Rather, we used the Hα, Hβ, and He Iλ = 5876 emission lines, whose luminosity (LHα, LHβ, and
LHeI) correlates with the accretion luminosity (Lacc) for YSOs with masses ranging from vastly
subsolar to several solar masses (Dahm 2008; Herczeg & Hillenbrand 2008). In Appendix (2) we
derive the proportionalities between the line strengths and accretion luminosities. We applied
these relations to derive the accretion luminosities for our target stars in L1630N and L1641.
These were converted into mass accretion rates via the following relation:

Ṁacc=
LaccR⋆

GM⋆(1− R⋆
Rin

)
, (3.2)

whereRin denotes the truncation radius of the disk, and is taken to be 5R⋆ (Gullbring et al. 1998).
The stellar radii (R⋆) were obtained using the SED fitting procedure described in Sect. 3.2.3(2),
and the stellar masses were derived from the location of our YSOs in the HR diagram.

3.2.5 Spatial distribution of YSOs

The young stars in L1630N are mostly confined to two clusters (NGC 2068 and NGC 2071, see
e.g. Lada et al. 1991). In L1641, there are a large number of clusters or aggregates, as well as
a more distributed population (Strom et al. 1993). Following Roḿan-Zúñiga et al. (2008), we
applied the nearest neighbor method (NNM) towards the YSO population in L1641 to determine
which YSOs are in isolation and which are in aggregates or clusters, and to outline the extension
of the clusters. For each star we located the 10th nearest neighbor and calculated the surface
density of YSOs within the corresponding radius. If this density is higher than the average
surface density over the whole cloud, the star is taken to be amember of a cluster/aggregate.

3.3 Results

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

The main product of our survey is a list of identified YSOs. Foreach object we give the spectral
type, bolometric luminosity, Hα and Li I equivalent widths, CTTS/WTTS classification, line of
sight extinction, the precence in a clustered or distributed environment, IRAC infrared spectral
indice, mass and age estimates using the PMS evolutionary tracks of Dotter et al. (2008), an
SED-based classification of the disk, and estimates of the mass accretion rate using Hα, Hβ and
He I in Tables 3.3 and 3.4, for stars in L1630N and L1641, respectively. We list the photometric
magnitudes in a number of optical and infrared filters in Tables 3.5 and 3.6. Mass and age esti-
mates using the PMS evolutionary tracks of D’Antona & Mazzitelli (1997), Baraffe et al. (1998),
Siess et al. (2000), and Dotter et al. (2008) are listed in Tables 3.7 and 3.8. The equivalent widths
of a number of optical emission lines are listed in Tables 3.9and 3.10.

We further supply an ensemble of stars that were identified asforeground or background objects
by the presence of an Hα absorption line and the absence of Li Iλ6707 absorption, and list their
photometric magnitudes, spectral types and optical extinction estimates in Tables 3.11 and 3.12
for the fields of L1630N and L1641, respectively.

Additionally, we provide optical and infrared magnitudes of a total of 21694 sources detected in
our optical imaging data with matching sources in the 2MASS catalog. These consist of public
SDSS data for L1630N (Finkbeiner et al. 2004), previously unpublished SDSS data and new
LAICA data for L1641, publicly available NIR photometry from2MASS (Skrutskie et al. 2006),
as well as publicly accessible and previously published (Megeath et al. 2005a) Spitzer data.
Without measured spectral types, reliable estimation of the luminosity and effective temperature
is hampered by a degeneracy between the stellar temperatureand reddening. Therefore, these
object are not included in our analysis, and we instead provide these data as a photometric catalog
only. This list contains many young stars as well as numerousbackground objects. We list the
optical and infrared magnitudes of these sources in Tables 3.13 and 3.14.
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Table 3.3: Parameters for YSOs in L1630N. Column 4:a the values estimated from our VI-
MOS spectra;b the values from Flaherty & Muzerolle (2008). Column 6: stellar bolometric
luminosity derived from optical SED fitting (see Sect. 3.2.3). Column 9: classification based on
the criteria in Appendix (1). Column 11: aggregate/cluster population or distributed population.
Column 13-14: stellar masses and ages estimated using PMS evolutionary tracks from Dotter
et al. (2008). Column 16-18: accretion rates estimated with Hα, Hβ, and He I 5876Å emission
line luminosities, respectively.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

1 05 45 21.38−00 00 45.9 M3b M3 0.298 −4.4b 0.2b WTTS 0.9 yes −2.69 0.30+0.10
−0.06 0.84+1.11

−0.39 No disk ... ... ...

2 05 45 22.68−00 14 27.5 M6b M6 0.128 −12.2b 0.6b WTTS 0.0 yes −2.58 0.13+0.06
−0.01 0.38+0.70

−0.12 No disk ... ... ...

3 05 45 26.16+00 06 37.9 M3b M3 0.393 −20.8b 0.3b CTTS 0.4 yes −1.39 0.29+0.09
−0.06 0.51+0.51

−0.22 Thick −8.94 ... ...

4 05 45 38.26−00 08 11.0 M0b M0 0.552 −4.1b 0.4b WTTS 2.1 yes −2.60 0.55+0.21
−0.11 1.36+3.15

−0.61 No disk ... ... ...

5 05 45 41.68−00 04 02.4 M4a,M3b M4 0.273 −10.0a,−5.4b 0.4b WTTS 0.2 yes −2.77 0.24+0.03
−0.03 0.56+0.20

−0.15 No disk ... ... ...

6 05 45 41.94−00 12 05.3 K5.5a,K4b K5.5 0.994 −2.5a,−1.2b 0.5a,0.5b WTTS 1.3 yes −2.57 0.92+0.23
−0.23 2.00+4.04

−0.93 Transition disk ... ... ...

7 05 45 42.80−00 01 01.8 M5.5a M5.5 0.093 −14.8a 0.4a WTTS 0.3 yes −1.24 0.15+0.04
−0.03 1.07+0.89

−0.40 Thick ... ... ...

8 05 45 44.37+00 22 58.2 M1b M1 0.608 −29.4b 0.6b CTTS 0.8 yes −1.37 0.43+0.12
−0.08 0.68+0.82

−0.28 Thick −8.26 ... ...

9 05 45 44.56−00 10 35.6 M4.5a M4.5 0.075 −7.0a 0.8a WTTS 1.0 yes −2.55 0.20+0.03
−0.02 2.68+1.10

−0.68 Thin ... ... ...

10 05 45 44.64+00 13 00.6 M0.5a M0.5 0.434 −1.8a ... WTTS 0.2 yes −2.84 0.53+0.08
−0.07 1.72+0.74

−0.45 No disk ... ... ...

11 05 45 45.58+00 04 35.6 M5a M5 0.245 −6.2a 0.5a WTTS 0.1 yes −2.68 0.19+0.02
−0.01 0.37+0.09

−0.07 No disk ... ... ...

12 05 45 46.91+00 14 29.4 M4.5a,M4b M4.5 0.089 −7.0a,−6.8b 0.6a,0.7b WTTS 0.0 yes −2.71 0.19+0.03
−0.03 2.00+0.88

−0.56 No disk ... ... ...

13 05 45 49.56−00 08 38.8 M5a M5 0.048 −19.3a ... CTTS 1.1 yes −1.06 0.16+0.06
−0.03 3.38+4.85

−1.24 Thick −10.74 ... ...

14 05 45 53.11−00 13 24.9 M1.5a,M1b M1.5 0.308 −11.1a,−18.1b 0.5a,0.6b CTTS 0.7 yes −2.43 0.46+0.09
−0.07 2.10+1.44

−0.68 Transition disk −9.38 −9.42 −8.50

15 05 45 53.54+00 33 08.8 M2b M2 0.468 −150.0b 0.2b CTTS 1.6 yes −1.15 0.36+0.10
−0.07 0.65+0.70

−0.28 Thick −7.64 ... ...

16 05 45 53.60+00 22 42.1 K7b K7 0.300 −2.4b 0.3b WTTS 0.6 yes −2.73 0.88+0.02
−0.18 10.53+7.60

−4.92 No disk ... ... ...

17 05 45 54.09−00 03 16.7 M5.5a M5.5 0.053 −9.4a ... WTTS 1.8 yes ... 0.14+0.04
−0.02 2.18+2.21

−0.70 ... ... ... ...

18 05 45 55.13+00 11 39.4 M5.5a M5.5 0.039 −34.7a ... CTTS 0.9 yes −1.42 0.13+0.06
−0.02 3.12+6.05

−1.07 Thick −10.59 ... ...

19 05 45 56.20+00 33 10.3 M5.5b M5.5 0.252 −8.3b 0.4b WTTS 0.2 yes −2.65 0.16+0.05
−0.03 0.21+0.28

−0.12 No disk ... ... ...

20 05 45 56.31+00 07 08.6 K7.5a,K9b K7.5 0.769 −6.5a,−6.2b 0.6a,0.7b WTTS 1.4 yes −1.59 0.55+0.16
−0.10 0.86+0.92

−0.32 Thick ... ... ...

21 05 45 56.73−00 00 25.4 M3a M3 0.249 −3.4a 0.6a WTTS 6.0 yes −1.20 0.31+0.03
−0.03 1.17+0.31

−0.23 Transition disk ... ... ...

22 05 45 57.38+00 20 22.2 K7b K7 0.997 −35.3b 0.5b CTTS 1.6 yes −1.65 0.65+0.17
−0.16 0.89+10.44

−0.39 Thick −7.80 ... ...

23 05 45 57.62+00 07 21.1 M5.5a M5.5 0.078 −26.4a ... CTTS 0.3 yes −1.18 0.13+0.03
−0.02 1.00+0.61

−0.28 Thick −10.25 −10.59 −10.32

24 05 45 57.93+00 02 48.6 M4.5a,M4b M4.5 0.121 −81.3a,−75.0b 0.4a,0.4b CTTS 0.2 yes −1.84 0.20+0.02
−0.02 1.32+0.51

−0.28 Thin −9.28 −9.64 −9.14

25 05 46 00.18+00 03 07.0 M4.5a,M4b M4.5 0.477 −37.1a,−27.2b 0.5a,0.4b CTTS 0.4 yes −1.01 0.19+0.02
−0.02 0.12+0.04

−0.03 Thick −8.65 −8.99 −8.92

26 05 46 03.53+00 02 54.7 M5.5a M5.5 0.146 −12.6a ... WTTS 0.7 yes ... 0.16+0.02
−0.02 0.54+0.20

−0.29 ... ... ... ...

27 05 46 04.64+00 04 58.1 K7a,K9b K7 0.989 −131.5a,−126.0b 0.4a,0.3b CTTS 1.9 yes −1.19 0.64+0.11
−0.11 0.85+0.55

−0.29 Thick −7.09 −7.64 −7.22

28 05 46 04.58+00 00 38.2 M2b M2 0.267 −7.4b 0.2b WTTS 2.5 yes −1.35 0.40+0.13
−0.09 1.89+6.61

−0.93 Thick ... ... ...

29 05 46 07.89−00 11 56.9 K3b K3 16.767 −3.2b 0.6b CTTS 4.5 yes −1.90 1.61+0.40
−0.27 0.10+0.10

−0.04 Thin −7.31 ... ...

30 05 46 09.27+00 13 32.6 M1b M1 1.088 −10.8b 0.5b CTTS 1.2 yes −1.19 0.38+0.10
−0.07 0.23+0.25

−0.09 Thick −8.32 ... ...

31 05 46 09.61−00 03 31.2 M1.5a M1.5 0.235 −12.2a ... CTTS 5.5 yes −1.49 0.48+0.20
−0.17 3.38+21.68

−2.29 Thick −9.56 ... ...

32 05 46 10.31−00 00 06.7 M2a M2 0.142 −38.6a 0.4a CTTS 2.4 yes −0.86 0.45+0.12
−0.11 6.00+15.20

−3.03 Thick −9.39 −9.01 −8.69

33 05 46 11.34−00 07 55.1 M3.5a M3.5 0.004 −211.4a ... CTTS 0.7 yes −0.26 ... ... Thick ... ... ...
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Table 3.3: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

34 05 46 11.86+00 32 25.9 K2b K2 5.010 −3.8b 0.7b CTTS 3.5 yes −2.37 1.64+0.26
−0.29 0.81+0.61

−0.29 Transition disk −8.13 ... ...

35 05 46 12.27−00 08 07.8 M7a M7 0.053 −116.5a ... CTTS 1.9 yes −0.99 ... ... Thick ... ... ...

36 05 46 12.99−00 08 14.8 M4.5a M4.5 0.008 −29.3a ... CTTS 0.1 yes 0.91 0.16+0.08
−0.04 56.18+26.86

−30.77 Thick −11.82 −12.13 ...

37 05 46 13.58−00 10 34.0 M5.5a M5.5 0.008 −4.6a ... WTTS 0.0 yes ... 0.11+0.05
−0.01 25.56+34.01

−3.97 ... ... ... ...

38 05 46 14.48+00 20 24.4 M4b M4 0.115 −3.6b 0.3b WTTS 0.8 yes −1.90 0.25+0.10
−0.06 2.24+3.62

−1.09 Transition disk ... ... ...

39 05 46 16.75+00 07 13.5 M5a M5 0.563 −29.9a ... CTTS 4.0 yes −1.82 0.17+0.03
−0.01 0.04+0.10

−0.02 Thin −8.69 ... ...

40 05 46 17.71−00 00 14.3 K3.5a K3.5 3.056 −19.6a 0.4a CTTS 8.2 yes 0.51 1.22+0.29
−0.32 0.83+0.94

−0.40 Thick −7.50 ... ...

41 05 46 18.30+00 06 57.8 K5.5a,K1b K5.5 1.572 −16.6a,−34.7b 0.5a,0.4b CTTS 4.3 yes −0.90 0.81+0.35
−0.19 0.79+1.97

−0.35 Thick −7.95 −8.17 ...

42 05 46 18.60+00 07 08.0 M3.5a M3.5 0.236 −45.8a ... CTTS 5.1 yes −0.71 0.26+0.12
−0.07 0.83+5.23

−0.46 Thick −8.97 ... ...

43 05 46 18.89−00 05 38.1 K7a,K4b K7 2.144 −9.3a,−3.9b 0.7b CTTS 2.4 yes −1.32 0.57+0.13
−0.13 0.22+0.26

−0.10 Thick −7.89 ... ...

44 05 46 19.06+00 03 29.6 K6a,K5b K6 20.667 −31.0a,−44.5b 0.4b CTTS 8.9 yes −1.23 0.80+0.91
−0.16 0.01+0.16

−0.00 Thick −5.63 −6.34 −4.54

45 05 46 19.47−00 05 20.0 K2.5b K2.5 6.154 −28.5b 0.5b CTTS 3.7 yes −0.76 1.50+0.32
−0.26 0.48+0.39

−0.17 Thick −6.85 ... ...

46 05 46 20.88+00 08 09.4 K8b K8 1.053 −8.7b 0.7b CTTS 4.6 yes −0.80 0.58+0.17
−0.13 0.63+4.18

−0.28 Thick −8.50 ... ...

47 05 46 22.43−00 08 52.6 K2a,K1b K2 2.732 −28.9a,−32.0b 0.4a,0.6b CTTS 3.5 yes −1.70 1.61+0.08
−0.28 2.12+1.51

−0.83 Transition disk −7.49 −8.26 ...

48 05 46 22.99+00 04 26.4 M2b M2 0.386 −104.0b 0.5b CTTS 2.8 yes −1.06 0.37+0.12
−0.08 0.93+1.38

−0.39 Thick −8.00 ... ...

49 05 46 23.83+00 04 27.2 M3a M3 0.333 −3.3a ... WTTS 4.1 yes ... 0.30+0.16
−0.08 0.72+9.48

−0.42 ... ... ... ...

50 05 46 25.09+00 05 41.2 K7.5a K7.5 0.844 −82.7a ... CTTS 8.0 yes −1.16 0.62+0.38
−0.26 0.99+15.43

−0.67 Thick −7.47 ... ...

51 05 46 25.89+00 09 32.0 M3.5a,M2b M3.5 0.201 −13.9a,−32.4b 0.6a,0.4b WTTS 1.0 yes −1.18 0.27+0.07
−0.05 1.20+0.95

−0.46 Thick ... ... ...

52 05 46 26.65+00 31 07.5 K7a,K6b K7 1.231 −5.5a,−4.9b 0.5a,0.6b WTTS 4.6 yes −1.22 0.65+0.20
−0.17 0.65+3.75

−0.31 Thick ... ... ...

53 05 46 27.13+00 15 49.7 M4.5a M4.5 0.108 −3.1a ... WTTS 0.0 yes ... 0.20+0.04
−0.03 1.65+0.80

−0.50 ... ... ... ...

54 05 46 27.83+00 05 48.4 M2.5b M2.5 0.543 −3.0b 0.3b WTTS 3.1 yes −2.72 0.31+0.09
−0.06 0.37+0.39

−0.16 No disk ... ... ...

55 05 46 28.36+00 12 27.0 M3.5a M3.5 0.346 −29.3a ... CTTS 6.0 yes −1.17 0.28+0.16
−0.07 0.55+8.81

−0.31 Thick −8.87 ... ...

56 05 46 28.87+00 13 30.7 M0.5a M0.5 0.833 −214.9a ... CTTS 6.1 yes −0.89 0.45+0.31
−0.14 0.50+11.86

−0.31 Thick −6.91 ... ...

57 05 46 29.00+00 29 07.2 M1.5b M1.5 0.769 −4.8b 0.5b WTTS 1.8 yes −2.70 0.37+0.10
−0.07 0.33+0.42

−0.14 No disk ... ... ...

58 05 46 29.06+00 11 45.7 M4.5a M4.5 0.023 −7.2a ... WTTS 0.0 yes ... 0.17+0.11
−0.04 12.20+26.38

−5.45 ... ... ... ...

59 05 46 29.59+00 10 57.2 M5.5a M5.5 0.294 −53.5a ... CTTS 3.3 yes −1.09 0.16+0.03
−0.03 0.17+0.20

−0.08 Thick −8.90 ... ...

60 05 46 30.03+00 11 11.1 M6a M6 0.050 −31.3a ... CTTS 2.8 yes ... ... ... ... ... ... ...

61 05 46 30.06+00 12 09.7 M1.5b M1.5 0.774 −15.4b 0.5b CTTS 4.1 yes −1.33 0.36+0.12
−0.07 0.33+5.39

−0.16 Thick −8.42 ... ...

62 05 46 31.03+00 27 12.1 M7.5a M7.5 0.018 ... ... ... 0.7 yes −1.26 ... ... Thick ... ... ...

63 05 46 31.46+00 20 15.8 M3.5a M3.5 0.036 −2.7a ... WTTS 0.0 yes ... 0.27+0.09
−0.06 16.36+17.48

−6.85 ... ... ... ...

64 05 46 31.71+00 25 08.2 M3.5a M3.5 0.199 −12.9a ... WTTS 4.3 yes −1.61 0.28+0.07
−0.05 1.34+2.63

−0.53 Thick ... ... ...

65 05 46 33.28+00 02 51.9 K4a,K7b K4 1.869 −31.4a,−24.4b 0.4a,0.6b CTTS 4.9 yes −1.01 1.12+0.24
−0.32 1.36+1.49

−0.68 Thick −7.60 −7.63 −6.85

66 05 46 34.54+00 06 43.5 K4b K4 4.380 −5.5b 0.5b CTTS 7.0 yes −1.35 1.12+0.21
−0.27 0.40+0.28

−0.17 Thick −7.89 ... ...

67 05 46 34.90+00 04 20.7 M4a,M2.5b M4 0.420 −6.1a,−5.0b 0.6a,0.2b WTTS 2.1 yes −1.54 0.22+0.04
−0.03 0.24+0.26

−0.09 Thick ... ... ...

68 05 46 35.50+00 01 38.9 M6a M6 0.233 −28.5a ... CTTS 2.4 yes ... 0.14+0.08
−0.02 0.15+0.67

−0.08 ... −9.44 ... ...

69 05 46 36.10+00 06 26.8 M0a M0 6.114 −2.7a ... WTTS 13.3 yes −0.66 0.44+0.72
−0.10 0.02+3.20

−0.01 Thick ... ... ...

70 05 46 37.06+00 01 21.8 K5.5b K5.5 1.991 −61.0b 0.4b CTTS 3.7 yes −1.24 0.77+0.22
−0.13 0.51+0.57

−0.18 Thick −7.04 ... ...

71 05 46 37.57+00 04 02.5 M5a M5 0.276 −10.8a ... WTTS 2.1 yes ... 0.19+0.02
−0.02 0.30+0.10

−0.08 ... ... ... ...

72 05 46 38.33+00 05 48.7 M6a M6 0.541 −83.6a ... CTTS 5.8 yes −0.88 0.15+0.05
−0.01 0.02+0.13

−0.01 Thick −8.24 ... ...

73 05 46 38.40+00 15 11.6 M5.5a M5.5 0.185 −10.6a 0.6a WTTS 1.6 yes −1.71 0.16+0.03
−0.03 0.39+0.33

−0.16 Thick ... ... ...

74 05 46 38.57+00 22 06.0 M1a,M1b M1 0.395 −7.3a,−5.8b 0.6a,0.2b WTTS 3.9 yes −1.44 0.47+0.07
−0.06 1.52+0.95

−0.47 Thick ... ... ...

75 05 46 39.89+00 06 44.9 M2a M2 0.880 −63.6a ... CTTS 8.5 yes −1.34 0.31+0.34
−0.09 0.19+10.54

−0.12 Thick −7.58 ... ...

76 05 46 40.18+00 05 01.9 M1b M1 0.584 −7.8b 0.8b WTTS 2.9 yes −2.42 0.43+0.11
−0.09 0.74+0.85

−0.32 Thin ... ... ...

77 05 46 40.44−00 08 38.2 M2.5a M2.5 0.038 −4.5a ... WTTS 2.3 yes ... 0.43+0.15
−0.19 42.16+32.27

−31.12 ... ... ... ...
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Table 3.3: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

78 05 46 40.43+00 05 07.7 M2.5a M2.5 0.702 −3.6a 0.6a WTTS 1.9 yes ... 0.29+0.03
−0.03 0.22+0.09

−0.06 ... ... ... ...

79 05 46 40.77+00 27 22.5 M3a,M3b M3 0.233 −154.1a,−166.0b 0.1b CTTS 1.7 yes −1.27 0.30+0.07
−0.05 1.17+1.57

−0.47 Thick −8.29 −8.53 −8.50

80 05 46 43.82+00 03 21.8 M5a M5 0.040 −9.7a ... WTTS 0.5 yes ... 0.16+0.15
−0.03 4.29+21.87

−1.74 ... ... ... ...

81 05 46 43.84+00 15 32.4 M1.5a,M2b M1.5 0.430 −11.5a,−4.9b 0.6a,0.6b CTTS 2.2 yes −1.60 0.43+0.08
−0.06 1.08+0.79

−0.35 Thick −9.07 −9.11 −8.53

82 05 46 44.08+00 18 03.2 K5a,K6b K5 2.072 −8.5a,−7.1b 0.6a,0.7b CTTS 2.9 yes −1.17 0.82+0.40
−0.21 0.56+1.62

−0.27 Thick −8.13 −7.74 ...

83 05 46 44.25+00 30 29.5 M5.5a M5.5 0.192 −19.4a ... CTTS 2.3 yes −2.65 0.15+0.02
−0.02 0.31+0.20

−0.12 No disk −9.80 ... ...

84 05 46 44.84+00 16 59.8 M1b M1 0.481 −14.0b 0.4b CTTS 3.7 yes −1.94 0.46+0.14
−0.09 1.08+3.81

−0.51 Transition disk −8.87 ... ...

85 05 46 45.00+00 11 32.7 M4.5a M4.5 0.112 −22.5a ... CTTS 4.0 yes −0.91 0.19+0.02
−0.02 1.38+0.43

−0.50 Thick −10.03 −10.53 ...

86 05 46 45.00+00 24 48.7 M5.5a M5.5 0.040 −9.9a ... WTTS 0.0 yes ... 0.12+0.03
−0.01 2.52+1.95

−0.50 ... ... ... ...

87 05 46 45.04+00 05 33.9 M0.5a M0.5 1.268 −26.7a ... CTTS 2.8 yes −0.89 0.40+0.06
−0.05 0.21+0.11

−0.06 Thick −7.69 ... ...

88 05 46 45.14+00 03 46.4 M2.5a M2.5 0.298 −33.6a ... CTTS 3.9 yes ... 0.36+0.08
−0.06 1.25+0.77

−0.41 ... −8.86 ... ...

89 05 46 46.87+00 09 07.6 M0b M0 1.105 −45.0b 0.4b CTTS 3.8 yes −0.76 0.47+0.18
−0.09 0.37+0.68

−0.16 Thick −7.53 ... ...

90 05 46 48.55+00 21 28.2 K6.5a K6.5 0.037 −275.7a ... CTTS 6.8 yes −0.21 ... ... Thick ... ... ...

91 05 46 48.73+00 21 38.3 M4.5a M4.5 0.237 −6.6a ... WTTS 6.5 yes −1.45 0.21+0.09
−0.05 0.54+1.90

−0.26 Thick ... ... ...

92 05 46 49.09+00 28 38.3 M5a M5 0.096 −13.7a 1.2a WTTS 4.2 yes −1.21 0.17+0.06
−0.03 1.22+2.07

−0.60 Thick ... ... ...

93 05 46 51.19+00 18 08.2 M5.5a M5.5 0.090 −20.9a 0.6a CTTS 1.1 yes ... 0.15+0.03
−0.02 1.16+0.58

−0.38 ... −10.27 −10.43 −10.49

94 05 46 51.40+00 19 47.2 M2a M2 0.028 −113.3a ... CTTS 4.8 yes 0.68 ... ... Thick ... ... ...

95 05 46 51.48+00 19 21.3 M3.5a,M1.5b M3.5 0.179 −25.7a,−25.1b 0.6a,0.3b CTTS 1.0 yes −0.86 0.27+0.03
−0.02 1.40+0.34

−0.37 Thick −9.49 −9.32 −9.34

96 05 46 51.85+00 19 38.6 M4a M4 0.264 −28.5a 0.7a CTTS 3.9 yes −0.78 0.24+0.04
−0.03 0.60+0.63

−0.24 Thick −9.17 ... −9.08

97 05 46 52.41+00 20 01.7 K9b K9 0.586 −41.0b 0.5b CTTS 3.3 yes −1.02 0.61+0.20
−0.13 1.54+6.64

−0.72 Thick −8.14 ... ...

98 05 46 56.54+00 20 52.9 K3b K3 2.238 −2.3b 0.7b WTTS 4.5 yes −2.64 1.34+0.17
−0.20 1.65+1.10

−0.53 No disk ... ... ...

99 05 46 58.03+00 14 27.8 M3b M3 0.327 −19.0b 0.4b CTTS 2.0 yes −0.80 0.30+0.10
−0.06 0.71+1.50

−0.34 Thick −9.14 ... ...

100 05 46 58.13+00 05 38.1 M0b M0 2.957 −2.0b 0.7b WTTS 3.6 yes −1.71 0.42+0.15
−0.07 0.06+0.11

−0.03 Transition disk ... ... ...

101 05 47 01.95+00 16 56.7 M6a M6 0.046 −20.7a ... CTTS 2.5 yes ... 0.10+0.07
−... 1.28+4.19

−0.15 ... −10.71 ... ...

102 05 47 02.87+00 16 51.9 M4.5a M4.5 0.111 −19.6a ... CTTS 3.6 yes ... 0.21+0.10
−0.05 1.65+4.69

−0.79 ... −10.11 ... ...

103 05 47 03.97+00 11 14.4 M2b M2 0.378 −42.0b 0.4b CTTS 0.9 yes −1.00 0.37+0.12
−0.08 0.97+1.25

−0.43 Thick −8.51 ... ...

104 05 47 04.48+00 15 47.2 K7a K7 2.393 −1.5a ... WTTS 11.3 yes −1.38 0.57+0.52
−0.20 0.19+4.81

−0.12 Thick ... ... ...

105 05 47 04.94+00 18 31.6 M1.5a,M0.5b M1.5 1.123 −3.5a,−2.3b 0.4b WTTS 3.6 yes −2.23 0.36+0.23
−0.09 0.18+1.12

−0.11 Thin ... ... ...

106 05 47 04.98+00 18 12.6 M5a M5 0.100 −9.8a ... WTTS 3.3 yes ... 0.17+0.05
−0.04 1.25+1.31

−0.50 ... ... ... ...

107 05 47 05.06+00 18 34.8 M1.5a M1.5 0.640 −13.0a ... CTTS 4.5 yes −1.21 0.36+0.09
−0.06 0.43+3.04

−0.18 Thick −8.68 ... ...

108 05 47 05.12+00 18 26.7 M3.5a M3.5 0.249 −10.3a ... WTTS 3.0 yes ... 0.28+0.08
−0.05 0.94+2.99

−0.39 ... ... ... ...

109 05 47 05.34+00 28 46.1 M3a,M1.5b M3 0.151 −4.3a,−6.0b 0.3b WTTS 1.5 yes −2.37 0.34+0.08
−0.06 2.94+2.28

−1.07 Thin ... ... ...

110 05 47 06.00+00 32 08.5 K0b K0 8.749 −20.0b 0.7b CTTS 8.5 yes −1.26 2.42+0.08
−0.28 1.06+0.58

−0.36 Thick −7.01 ... ...

111 05 47 05.98+00 25 53.1 M4.5a M4.5 0.060 ... ... ... 4.1 yes −1.66 0.21+0.11
−0.05 4.15+13.27

−2.10 Thick ... ... ...

112 05 47 06.17+00 20 32.5 M1a M1 1.230 −14.1a 0.8a CTTS 6.9 yes −0.81 0.37+0.08
−0.06 0.17+0.79

−0.07 Thick −8.07 ... ...

113 05 47 06.96+00 00 47.7 K4.5b K4.5 1.907 −28.4b 0.5b CTTS 2.0 yes −0.94 1.00+0.24
−0.21 1.00+0.99

−0.42 Transition disk −7.60 ... ...

114 05 47 06.99+00 31 55.9 M1b M1 0.450 −63.0b 0.3b CTTS 3.7 yes −0.72 0.46+0.14
−0.10 1.23+6.78

−0.62 Thick −8.11 ... ...

115 05 47 07.26+00 19 32.2 M0b M0 6.445 −48.0b 0.3b CTTS 3.9 yes −1.13 0.42+0.15
−0.05 0.01+0.04

−0.01 Thick −6.11 ... ...

116 05 47 08.69+00 00 14.0 M3b M3 0.961 −9.4b 0.4b WTTS 0.8 yes −2.65 0.25+0.08
−0.04 0.09+1.74

−0.05 No disk ... ... ...

117 05 47 08.62+00 19 23.9 M3a M3 0.308 −39.4a 0.5a CTTS 5.1 yes −1.41 0.30+0.04
−0.03 0.77+0.47

−0.18 Thick −8.80 ... −8.36

118 05 47 08.71+00 16 34.7 M4.5a M4.5 0.120 −78.9a ... CTTS 5.1 yes ... 0.20+0.09
−0.05 1.36+2.30

−0.66 ... −9.30 ... ...

119 05 47 10.72+00 18 46.3 M1a M1 0.684 −5.0a 0.6a WTTS 6.1 yes −0.85 0.40+0.09
−0.06 0.50+1.18

−0.19 Thick ... ... ...

120 05 47 10.89+00 32 06.0 M1.5b M1.5 0.520 −8.4b 0.6b WTTS 1.9 yes −1.43 0.40+0.11
−0.08 0.70+0.85

−0.31 Thick ... ... ...

121 05 47 10.98+00 19 14.8 G6b G6 11.106 −17.0b 0.6b CTTS 6.1 yes −1.27 2.43+0.08
−0.09 2.33+0.38

−0.32 Thick −6.99 ... ...
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Table 3.3: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

122 05 47 10.98+00 21 32.2 M1a M1 0.283 −2.5a 0.6a WTTS 5.0 yes −2.84 0.50+0.12
−0.10 2.78+8.28

−1.17 No disk ... ... ...

123 05 47 12.92+00 22 06.5 M0a M0 2.706 −154.1a ... CTTS 12.7 yes −1.27 0.42+0.20
−0.08 0.08+5.52

−0.04 Thick −6.14 ... ...

124 05 47 13.85+00 00 17.1 M1b M1 1.868 −30.4b 0.7b CTTS 1.4 yes −1.60 0.36+0.09
−0.06 0.08+0.10

−0.04 Thick −7.31 ... ...

125 05 47 16.58−00 00 56.4 M4b M4 0.249 −10.3b 0.4b WTTS 1.1 yes −1.45 0.24+0.08
−0.05 0.63+0.80

−0.31 Thick ... ... ...

126 05 47 17.16+00 18 24.6 M1b M1 0.234 −65.5b 0.3b CTTS 2.3 yes −1.55 0.54+0.14
−0.12 4.31+9.24

−2.20 Thick −8.65 ... ...

127 05 47 17.28+00 38 21.4 K7b K7 1.320 −8.3b 0.6b CTTS 1.7 yes −1.38 0.61+0.17
−0.14 0.53+10.55

−0.23 Thick −8.35 ... ...

128 05 47 19.72+00 01 21.8 M5b M5 0.070 −300.0b 0.5b CTTS 0.0 yes −1.29 0.17+0.08
−0.04 2.16+3.79

−0.95 Thick −8.98 ... ...

129 05 47 19.90+00 16 13.1 M5a M5 0.240 −60.9a ... CTTS 4.1 yes −1.17 0.19+0.03
−0.03 0.40+0.40

−0.14 Thick −8.92 ... ...

130 05 47 22.99+00 17 56.7 M4a M4 0.110 −4.5a 0.6a WTTS 1.6 yes ... 0.23+0.05
−0.04 2.06+1.23

−0.71 ... ... ... ...

131 05 47 25.05+00 31 05.0 K7b K7 0.250 −1.3b 0.2b WTTS 0.3 yes −2.72 0.86+0.02
−0.15 15.09+6.21

−7.29 No disk ... ... ...

132 05 47 57.53+00 11 31.2 M4b M4 0.396 −9.5b 0.4b WTTS 1.0 yes −2.68 0.23+0.07
−0.04 0.28+0.30

−0.14 No disk ... ... ...

Table 3.4: Parameters for YSOs in L1641. Column 4:a the values estimated from our VIMOS
spectra;b the values from Allen (1995);c the values from Ĝalfalk & Olofsson (2008). Column
6: stellar bolometric luminosity derived from optical SED fitting (see Sect. 3.2.3). Column 9:
classification based on the criteria in Appendix (1). Column 11: aggregate/cluster population or
distributed population. Column 13-14: stellar masses and ages estimated using PMS evolution-
ary tracks from Dotter et al. (2008). Column 16-18: accretionrates estimated with Hα, Hβ, and
He I 5876Å emission line luminosities, respectively.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

1 05 35 14.56 -06 15 12.7 M1a M1 0.569 −9.8a ... CTTS 2.3 no −1.20 0.42+0.06
−0.05 0.70+0.52

−0.22 Thick −8.92 −9.11 −8.74

2 05 35 14.67−06 15 07.3 M5a M5 0.168 −23.2a ... CTTS 2.6 no −0.75 0.19+0.04
−0.03 0.69+0.53

−0.24 Thick −9.71 ... ...

3 05 35 14.72−06 13 39.9 M5.5a M5.5 0.292 −19.6a ... CTTS 0.8 no −2.60 0.15+0.03
−0.02 0.14+0.12

−0.06 No disk −9.48 −9.86 −9.79

4 05 35 15.83−06 24 45.7 M5a M5 0.126 −10.9a 0.9a WTTS 0.0 no −2.56 0.18+0.03
−0.02 0.99+0.47

−0.27 Thin ... ... ...

5 05 35 17.80−06 24 38.4 M1a,M2b M1 0.964 −6.3a,−24.0b 0.7a WTTS 0.3 no −0.35 0.39+0.03
−0.03 0.28+0.07

−0.06 Thick ... ... ...

6 05 35 18.26−06 24 30.3 M6a,M3.5b M6 0.116 −12.7a ... WTTS 0.0 no −2.48 0.13+0.06
−0.02 0.51+1.06

−0.16 Thin ... ... ...

7 05 35 18.95−06 27 25.6 M4b M4 0.187 −80.0b ... CTTS 0.0 no −1.16 0.24+0.09
−0.06 1.02+1.17

−0.47 Thick −8.90 ... ...

8 05 35 19.34−06 24 14.5 M2.5a,M2.5b M2.5 0.262 −3.4a ... WTTS 0.0 no −2.65 0.34+0.04
−0.03 1.34+0.48

−0.26 No disk ... ... ...

9 05 35 21.77−06 18 51.2 M4.5a M4.5 0.116 −23.4a ... CTTS 0.0 no −1.77 0.19+0.01
−0.01 1.30+0.23

−0.20 Thick −9.98 −10.31 −10.56

10 05 35 23.60−06 28 24.4 M4a,M3.5b M4 0.633 −5.0a ... WTTS 0.0 no −2.80 0.21+0.05
−0.03 0.11+0.09

−0.05 No disk ... ... ...

11 05 35 24.45−06 27 47.2 M4.5a,M3.5b M4.5 0.048 −0.2a,−59.0b ... WTTS 0.0 no ... 0.21+0.06
−0.04 5.91+4.99

−2.07 ... ... ... ...

12 05 35 24.49−06 28 40.5 M5b M5 0.153 −13.0b ... WTTS 0.0 no −2.55 0.18+0.07
−0.04 0.70+1.09

−0.32 Thin ... ... ...

13 05 35 25.11−06 47 56.6 M0b M0 1.146 ... ... ... 1.1 no −0.84 0.47+0.18
−0.09 0.35+1.48

−0.16 Thick ... ... ...

14 05 35 25.70−06 23 18.9 M3.5a,M3b M3.5 0.284 −3.9a 0.6a WTTS 0.0 no −2.62 0.28+0.06
−0.04 0.75+0.64

−0.26 No disk ... ... ...

15 05 35 26.59−06 15 32.8 M3.5a M3.5 0.187 −7.8a ... WTTS 0.0 no −2.79 0.27+0.04
−0.03 1.27+0.85

−0.43 No disk ... ... ...
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Table 3.4: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

16 05 35 26.80−06 15 34.4 M4a M4 0.186 −4.9a ... WTTS 0.0 no −2.70 0.25+0.03
−0.03 1.09+0.61

−0.32 No disk ... ... ...

17 05 35 26.83−06 26 47.6 M0a,M0b M0 0.567 −2.2a 0.5a WTTS 0.0 no −2.80 0.59+0.20
−0.13 1.54+1.78

−0.68 No disk ... ... ...

18 05 35 26.96−06 27 13.0 M4.5a M4.5 0.050 −6.2a ... WTTS 0.0 no ... 0.18+0.04
−0.03 4.43+2.17

−1.22 ... ... ... ...

19 05 35 27.17−06 19 42.0 M1.5a,M2.5b M1.5 1.203 −8.5a,−10.0b ... WTTS 0.6 no −1.62 0.35+0.04
−0.04 0.16+0.06

−0.04 Thick ... ... ...

20 05 35 27.35−06 19 31.3 M1a M1 0.021 −32.4a ... CTTS 1.1 no −0.52 ... ... Thick ... ... ...

21 05 35 28.28−06 22 29.3 M6a M6 0.024 −15.5a ... WTTS 0.0 no ... ... ... ... ... ... ...

22 05 35 29.21−06 16 29.7 M5a,M5b M5 0.553 −10.6a,−14.0b ... WTTS 1.0 no −2.73 0.19+0.02
−0.02 0.08+0.04

−0.03 No disk ... ... ...

23 05 35 29.46−06 16 26.6 M2.5a M2.5 0.500 −3.3a ... WTTS 1.1 no −1.88 0.30+0.03
−0.03 0.39+0.14

−0.11 Thin ... ... ...

24 05 35 30.41−06 27 07.2 M5.5a M5.5 0.018 −11.9a ... WTTS 0.0 no ... 0.11+0.06
−0.00 6.73+14.43

−0.48 ... ... ... ...

25 05 35 31.05−06 45 18.1 M3b M3 0.627 ... ... ... 0.0 no −1.02 0.27+0.08
−0.05 0.21+0.20

−0.11 Thick ... ... ...

26 05 35 31.49−06 14 18.9 M3a M3 0.193 −10.8a 0.5a WTTS 0.0 no −2.78 0.31+0.04
−0.03 1.67+0.61

−0.37 No disk ... ... ...

27 05 35 31.89−06 36 25.5 M6b M6 0.070 ... ... ... 0.0 no −1.17 0.11+0.06
−0.01 0.82+2.05

−0.10 Thick ... ... ...

28 05 35 33.93−06 14 32.8 M5a M5 0.235 −50.4a 0.5a CTTS 0.0 no −1.11 0.19+0.01
−0.01 0.40+0.08

−0.07 Thick −9.04 ... ...

29 05 35 34.17−06 22 57.8 M3a M3 0.217 −3.2a 0.4a WTTS 0.0 no −2.61 0.31+0.04
−0.03 1.48+0.55

−0.34 No disk ... ... ...

30 05 35 34.19−06 39 43.3 M3.5b M3.5 0.274 ... ... ... 0.0 no −1.52 0.27+0.09
−0.06 0.72+0.82

−0.31 Thick ... ... ...

31 05 35 34.34−06 24 22.8 M5.5a M5.5 0.032 −17.3a ... WTTS 0.0 no −1.86 0.13+0.04
−0.02 3.93+4.41

−0.89 Thin ... ... ...

32 05 35 38.59−06 23 43.1 M4a,M3b M4 0.145 −6.1a,−13.0b 0.6a WTTS 0.0 no −2.46 0.26+0.04
−0.03 1.77+0.74

−0.46 Thin ... ... ...

33 05 35 40.83−06 18 06.7 M3a M3 0.202 −6.5a 0.5a WTTS 0.0 no −2.89 0.33+0.04
−0.03 1.79+0.71

−0.41 No disk ... ... ...

34 05 35 41.02−06 22 45.4 M0a,M1b M0 1.839 −11.6a,−14.0b 0.6a CTTS 1.0 no −1.74 0.42+0.07
−0.05 0.13+0.08

−0.04 Thick −7.84 −8.01 ...

35 05 35 41.65−06 25 19.2 M6a M6 0.024 −18.6a ... CTTS 0.5 no ... ... ... ... ... ... ...

36 05 35 42.09−06 16 20.8 M6a M6 0.027 −21.0a ... CTTS 0.0 no −1.82 0.10+0.05
−0.00 3.28+4.83

−0.22 Thin −11.09 ... ...

37 05 35 42.84−06 21 44.6 M2.5a M2.5 0.264 −4.9a ... WTTS 0.0 no −1.42 0.35+0.04
−0.03 1.36+0.54

−0.27 Thick ... ... ...

38 05 35 42.76−06 34 51.9 M0.5b M0.5 0.491 ... ... ... 0.0 no −1.06 0.51+0.18
−0.10 1.35+2.05

−0.50 Thick ... ... ...

39 05 35 43.37−06 22 19.6 M1.5a M1.5 0.820 −103.4a 0.3a CTTS 2.9 no −1.55 0.34+0.07
−0.05 0.26+2.69

−0.10 Thick −7.35 −7.63 −6.97

40 05 35 44.18−06 28 16.4 M2a M2 0.073 −141.6a ... CTTS 1.2 no −0.90 0.47+0.09
−0.16 18.64+27.19

−10.22 Thick −9.23 −9.11 −8.82

41 05 35 44.27−06 26 39.5 M6a M6 0.035 −17.2a ... WTTS 0.0 no ... ... ... ... ... ... ...

42 05 35 47.65−06 21 36.1 M4b M4 0.293 −30.0b ... CTTS 0.0 no −1.26 0.23+0.07
−0.05 0.48+0.49

−0.22 Thick −9.08 ... ...

43 05 35 48.28−06 17 59.4 M2b M2 0.287 −10.0b ... WTTS 0.3 no −2.73 0.40+0.12
−0.09 1.65+1.50

−0.72 No disk ... ... ...

44 05 35 48.39−06 17 36.2 M4b M4 0.214 −11.0b ... WTTS 0.0 no −2.65 0.24+0.09
−0.05 0.81+0.94

−0.37 No disk ... ... ...

45 05 35 50.19−06 50 40.2 K7a K7 0.285 −124.9a ... CTTS 1.3 no −0.67 0.88+0.03
−0.21 11.83+14.86

−6.24 Thick −8.19 ... ...

46 05 35 57.30−06 40 28.1 M3.5a,M3b M3.5 0.303 −113.8a 0.4a CTTS 0.0 no −0.94 0.27+0.01
−0.01 0.66+0.10

−0.08 Thick −8.25 −8.81 −8.95

47 05 35 57.31−06 15 37.7 M2.5a,M3b M2.5 0.284 −34.9a,−60.0b 0.4a CTTS 0.0 no −1.46 0.36+0.07
−0.05 1.39+0.65

−0.43 Thick −8.88 −8.71 −8.62

48 05 35 57.45−06 42 41.9 K4a,M0b K4 3.208 ... ... ... 2.0 no −0.62 1.13+0.33
−0.35 0.65+1.00

−0.35 Thick ... ... ...

49 05 35 57.45−06 16 35.0 M3a,M3b M3 0.900 −1.7a ... WTTS 0.0 no −2.66 0.25+0.03
−0.02 0.10+0.05

−0.03 No disk ... ... ...

50 05 35 57.85−06 23 44.4 M5a M5 0.156 −19.3a ... CTTS 0.0 no −1.12 0.19+0.04
−0.03 0.79+0.48

−0.27 Thick −9.87 −10.13 ...

51 05 35 58.10−06 14 50.9 M6b M6 0.144 −13.0b ... WTTS 0.0 no −2.62 0.13+0.06
−0.02 0.32+0.61

−0.10 No disk ... ... ...

52 05 35 58.25−06 36 43.1 M0b M0 0.985 ... ... ... 1.1 no −1.37 0.48+0.18
−0.09 0.46+0.70

−0.19 Thick ... ... ...

53 05 35 58.26−06 14 04.6 M0.5a M0.5 0.105 −2.6a ... WTTS 4.2 no −1.02 0.64+0.05
−0.16 25.05+31.16

−13.54 Thick ... ... ...

54 05 35 59.75−06 16 06.4 K4.5a,M0b K4.5 1.336 −4.0a,−20.0b 0.4a WTTS 0.0 no −1.49 1.00+0.22
−0.25 1.64+10.29

−0.77 Thick ... ... ...

55 05 35 59.84−06 42 30.5 M4.5a M4.5 0.140 −132.2a ... CTTS 0.0 no −0.97 0.22+0.04
−0.03 1.36+0.73

−0.35 Thick −8.91 −9.45 −9.08

56 05 36 00.18−06 42 33.9 K5b K5 3.383 ... ... ... 2.2 no −1.46 0.82+0.32
−0.14 0.27+0.43

−0.10 Thick ... −7.42 ...

57 05 36 01.09−06 25 07.7 M4a,M3.5b M4 0.254 −7.9a,−45.0b 0.6a WTTS 0.0 no −1.74 0.24+0.03
−0.02 0.61+0.31

−0.16 Thick ... ... ...

58 05 36 01.10−06 15 31.4 M1.5a,M1b M1.5 0.458 −35.0a,−120.0b 0.6a CTTS 0.3 no −1.15 0.43+0.08
−0.07 1.02+0.56

−0.34 Thick −8.41 −8.41 −8.23

59 05 36 01.66−06 42 36.2 M5.5a,M5b M5.5 0.128 −53.9a 0.4a CTTS 0.1 no −1.65 0.16+0.04
−0.03 0.74+0.57

−0.30 Thick −9.50 −10.09 ...
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Table 3.4: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

60 05 36 05.00−06 42 44.0 M5a,M5b M5 0.361 −19.0a 0.3a CTTS 0.0 no −1.55 0.17+0.03
−0.02 0.14+0.08

−0.05 Thick −9.27 −9.65 −9.72

61 05 36 04.98−06 46 41.4 M0.5b M0.5 1.027 ... ... ... 0.0 no −1.96 0.43+0.13
−0.08 0.33+0.32

−0.14 Thin ... ... ...

62 05 36 05.08−06 29 32.2 M0b M0 0.549 −14.0b ... CTTS 0.0 no −1.35 0.55+0.20
−0.11 1.37+1.75

−0.65 Thick −8.76 ... ...

63 05 36 05.16−06 25 25.4 M1.5b,M0c M1.5 0.550 −4.8c 0.6c WTTS 0.0 no −2.75 0.39+0.11
−0.08 0.63+0.50

−0.27 No disk ... ... ...

64 05 36 06.59−06 31 43.0 M3.5b M3.5 0.159 ... ... ... 0.0 no −1.23 0.28+0.11
−0.07 1.84+2.32

−0.82 Transition disk ... ... ...

65 05 36 06.65−06 32 17.2 K5b K5 1.917 −18.0b ... CTTS 4.2 no −1.38 0.86+0.30
−0.15 0.70+1.08

−0.27 Thick −7.81 ... ...

66 05 36 06.66−06 14 25.9 K6a,M0b K6 1.092 −13.1a,−22.0b 0.5a CTTS 1.6 no −1.42 0.78+0.18
−0.13 1.22+1.06

−0.43 Thick −8.31 −8.01 −7.51

67 05 36 06.93−06 18 53.4 M4.5b M4.5 0.878 −10.0b ... WTTS 0.0 no −2.74 0.19+0.05
−0.01 0.03+0.06

−0.01 No disk ... ... ...

68 05 36 08.29−06 48 36.3 M0.5a,M2b M0.5 0.705 −67.5a ... CTTS 1.7 no −0.41 0.49+0.04
−0.04 0.75+0.23

−0.15 Thick −7.69 −7.88 ...

69 05 36 08.34−06 24 37.9 M5.5a,M6b,M7c M5.5 0.252 −14.0a,−17.0b,−27.4c 0.5a WTTS 0.0 yes −1.79 0.15+0.03
−0.02 0.18+0.13

−0.09 Thick ... ... ...

70 05 36 08.57−06 40 33.6 M6a,M5.5b M6 0.046 −32.8a 0.5a CTTS 0.0 no ... ... ... ... ... ... ...

71 05 36 09.35−06 17 10.8 M3a,M2.5b M3 0.483 −3.2a 0.7a WTTS 0.0 no −2.77 0.30+0.03
−0.02 0.40+0.09

−0.08 No disk ... ... ...

72 05 36 09.49−06 18 36.3 M2b,M1c M2 0.744 −6.2c 0.4c WTTS 0.0 no −2.63 0.33+0.09
−0.06 0.27+0.21

−0.11 No disk ... ... ...

73 05 36 09.52−06 24 33.7 M4.5b,M4.5c M4.5 0.044 −188.0b,−66.1c ... CTTS 0.0 yes −1.53 0.20+0.11
−0.05 6.17+13.10

−2.83 Thick −10.13 ... ...

74 05 36 10.19−06 18 54.8 K7.5a,K5b K7.5 0.163 0.2a,−13.0b ... CTTS 3.1 no −2.47 0.75+0.05
−0.16 23.25+27.23

−12.47 Thin −9.81 ... ...

75 05 36 10.44−06 20 01.5 K3b,K7.5c K3 0.964 −2.3c 0.3c WTTS 0.9 no −2.76 1.25+0.03
−0.07 6.50+3.47

−1.85 No disk ... ... ...

76 05 36 11.12−06 18 14.1 M6a,M6c M6 0.043 −19.7a,−22.4c 0.8a CTTS 0.0 no ... 0.11+0.05
−0.01 1.89+2.67

−0.34 ... −10.82 −11.12 ...

77 05 36 11.31−06 16 56.0 M5.5a M5.5 0.077 −12.2a 0.5a WTTS 0.0 no −1.62 0.13+0.06
−0.02 1.03+2.32

−0.30 Thick ... ... ...

78 05 36 11.46−06 22 22.1 K7c K7 1.436 −21.6c ... CTTS 6.3 yes −1.14 0.60+0.16
−0.14 0.44+1.54

−0.19 Thick −7.76 ... ...

79 05 36 11.67−06 24 58.4 M5a,M6.5c M5 0.045 −7.7a,−11.3c ... WTTS 0.0 yes −1.23 0.16+0.07
−0.03 3.55+5.18

−1.33 Transition disk ... ... ...

80 05 36 12.61−06 23 39.6 M5a,M5b,M3c M5 0.232 −23.2a,−36.0b,−39.3c ... CTTS 0.4 yes −1.51 0.17+0.02
−0.01 0.31+0.10

−0.07 Thick −9.50 −10.12 −9.87

81 05 36 12.97−06 23 33.0 M2.5a,M1.5c M2.5 0.910 −4.1a,−5.0c 0.6a,0.2c WTTS 1.9 yes −2.67 0.28+0.04
−0.03 0.14+0.06

−0.05 No disk ... ... ...

82 05 36 12.97−06 23 33.0 M1.5c M1.5 1.699 −7.3c ... WTTS 3.5 yes −2.06 0.38+0.11
−0.06 0.12+0.46

−0.08 Transition disk ... ... ...

83 05 36 13.15−06 25 41.1 M3a,M3b,M2.5c M3 0.223 −2.6a,−3.4c 0.6a,0.5c WTTS 0.0 yes −2.74 0.32+0.04
−0.03 1.44+0.58

−0.36 No disk ... ... ...

84 05 36 13.45−06 43 55.1 M3a M3 0.005 −36.5a ... CTTS 1.8 no ... ... ... ... ... ... ...

85 05 36 14.76−06 13 16.9 M1a M1 0.355 −66.7a 0.5a CTTS 0.2 no −1.19 0.51+0.09
−0.08 2.09+1.02

−0.70 Thick −8.29 −8.21 −8.05

86 05 36 15.07−06 17 36.9 K3a,K5b K3 2.356 −2.3a,−11.0b 0.4a WTTS 1.6 no −1.19 1.30+0.15
−0.14 1.42+0.67

−0.35 Thick ... ... ...

87 05 36 15.60−06 27 20.0 M3.5a M3.5 0.128 −4.4a 0.5a WTTS 0.0 no −2.72 0.26+0.05
−0.04 2.25+1.47

−0.70 No disk ... ... ...

88 05 36 15.84−06 14 50.7 M2.5a,M2.5b M2.5 0.214 −106.4a,−63.0b 0.6a CTTS 0.0 no −1.50 0.38+0.08
−0.06 2.24+2.14

−0.84 Transition disk −8.52 −9.38 −9.40

89 05 36 17.11−06 28 20.2 M5a M5 0.022 −78.5a ... CTTS 1.0 no −1.44 0.14+0.12
−0.02 8.57+31.43

−3.57 Thick −10.52 −11.51 ...

90 05 36 17.23−06 17 24.5 M5a M5 0.372 −6.4a 0.6a WTTS 0.0 no −1.61 0.19+0.02
−0.02 0.18+0.09

−0.06 Transition disk ... ... ...

91 05 36 18.48−06 20 38.7 M0b,M0.5c M0 0.533 −75.0b,−44.8c 0.5c CTTS 0.6 yes −1.52 0.56+0.21
−0.11 1.45+2.76

−0.61 Thick −8.16 ... ...

92 05 36 18.88−06 22 04.2 M3a,M3b,M2.5c M3 0.130 −7.9a,−5.3c ... WTTS 0.0 yes ... 0.32+0.03
−0.03 3.27+0.86

−0.60 ... ... ... ...

93 05 36 19.09−06 22 50.6 M6a,M7c M6 0.033 −11.6a,−13.9c ... WTTS 0.0 yes ... 0.11+0.07
−0.00 2.50+6.87

−0.54 ... ... ... ...

94 05 36 19.38−06 25 51.3 M5a,M4.5c M5 0.189 −123.7a,−123.0c 0.3a CTTS 0.4 yes −1.11 0.19+0.03
−0.03 0.58+0.28

−0.20 Thick −8.72 −9.05 −9.38

95 05 36 21.10−06 17 17.3 M4.5a,M5b M4.5 0.249 −11.9a,−14.0b ... WTTS 0.0 no −2.64 0.20+0.01
−0.01 0.40+0.09

−0.07 No disk ... ... ...

96 05 36 21.16−06 26 56.9 M4.5a M4.5 0.049 −22.1a 0.9a CTTS 0.0 yes −1.46 0.19+0.03
−0.02 4.58+1.85

−1.09 Thick −10.63 −10.80 −10.41

97 05 36 21.57−06 22 52.4 M0.5c M0.5 0.636 −70.7c ... CTTS 9.5 yes −0.83 0.50+0.18
−0.10 0.89+1.48

−0.36 Thick −7.75 ... ...

98 05 36 21.84−06 26 02.0 M0a,K7b,K7.5c M0 1.166 −10.2a,−71.0b,−18.3c 0.6a,0.7c CTTS 3.8 yes −1.01 0.49+0.08
−0.05 0.37+0.20

−0.10 Thick −8.30 ... ...

99 05 36 21.88−06 23 29.9 M1b,M4c M1 2.138 −10.0b,−12.7c ... CTTS 10.2 yes 0.14 0.35+0.10
−0.06 0.06+3.24

−0.03 Thick −7.68 ... ...

100 05 36 21.96−06 41 42.0 M5b M5 0.231 ... ... ... 0.0 no −1.43 0.18+0.06
−0.04 0.36+0.46

−0.18 Thick ... ... ...

101 05 36 22.47−06 23 44.8 M0.5c M0.5 0.451 −243.3c 1.3c CTTS 6.0 yes −1.49 0.54+0.18
−0.11 1.70+7.39

−0.76 Thick −7.38 ... ...

102 05 36 23.26−06 19 37.5 M3.5b,M2.5c M3.5 0.156 −8.1c 0.9c WTTS 1.2 no −2.60 0.28+0.11
−0.07 1.90+2.64

−0.84 No disk ... ... ...

103 05 36 24.48−06 22 23.2 M4a,M3c M4 0.380 −8.5a,−16.5c 0.6a WTTS 2.5 yes −2.06 0.23+0.03
−0.03 0.30+0.22

−0.11 Thin ... ... ...
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Table 3.4: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

104 05 36 24.54−06 52 34.2 M5a M5 0.132 −50.0a 0.5a CTTS 0.0 no −1.51 0.19+0.02
−0.02 0.99+0.31

−0.21 Thick −9.48 −9.67 −9.64

105 05 36 25.13−06 44 41.9 K4.5a,K3b K4.5 3.575 −8.7a 0.4a CTTS 6.0 yes −0.34 0.92+0.40
−0.25 0.34+0.70

−0.17 Thick −7.73 ... ...

106 05 36 25.28−06 23 07.2 M7c M7 0.041 −13.7c 0.9c WTTS 0.0 yes ... ... ... ... ... ... ...

107 05 36 25.41−06 24 31.2 M6a,M6c M6 0.083 −9.8a,−17.6c ... WTTS 0.0 yes −2.70 0.12+0.06
−0.01 0.71+1.49

−0.15 No disk ... ... ...

108 05 36 25.55−06 51 28.3 M5a M5 0.112 −10.2a 0.5a WTTS 0.0 no −2.53 0.16+0.04
−0.03 0.93+0.80

−0.34 Thin ... ... ...

109 05 36 26.08−06 26 15.5 M3.5b,M8.5c M3.5 0.094 −12.4a,−10.0b,−74.2c ... WTTS 2.9 yes −2.72 0.29+0.13
−0.07 4.34+6.75

−1.97 No disk ... ... ...

110 05 36 26.71−06 26 29.0 M0.5b,K7.5c M0.5 1.866 −3.2c 0.4c WTTS 1.1 yes −2.66 0.39+0.12
−0.07 0.11+0.14

−0.05 No disk ... ... ...

111 05 36 26.83−06 24 57.5 M5c M5 0.196 −16.9c 0.6c WTTS 0.0 yes −2.81 0.17+0.06
−0.04 0.42+0.63

−0.19 No disk ... ... ...

112 05 36 27.01−06 21 07.6 M3b,M2.5c M3 0.023 −15.0b ... CTTS 0.0 yes ... 0.36+0.04
−0.11 59.50+24.98

−31.27 ... ... ... ...

113 05 36 27.72−06 23 12.3 M5c M5 0.570 −36.5c ... CTTS 0.3 yes −1.23 0.17+0.05
−0.01 0.04+0.09

−0.02 Thick −8.56 ... ...

114 05 36 27.89−06 25 36.0 M3c M3 0.230 −21.9c 0.2c CTTS 0.1 yes −1.91 0.30+0.10
−0.07 1.26+1.31

−0.59 Transition disk −9.35 ... ...

115 05 36 28.10−06 44 32.6 M2.5b M2.5 0.252 ... ... ... 0.4 yes −1.87 0.35+0.12
−0.08 1.54+1.71

−0.70 Thin ... ... ...

116 05 36 29.06−06 38 40.7 M8a,M3b M8 0.053 −42.0a ... CTTS 0.0 no −1.49 ... ... Thick ... ... ...

117 05 36 29.59−06 38 50.4 M4.5a,M5b M4.5 0.109 −8.2a 0.3a WTTS 0.0 no ... 0.19+0.04
−0.03 1.43+0.76

−0.44 ... ... ... ...

118 05 36 30.10−06 23 10.2 M0.5b,K6c M0.5 0.450 −13.0b,−7.3c 0.5c WTTS 0.9 yes −1.16 0.52+0.18
−0.11 1.58+2.59

−0.69 Thick ... ... ...

119 05 36 30.23−06 42 46.1 M1.5a,M2b M1.5 0.664 −35.8a ... CTTS 6.5 yes −1.08 0.37+0.10
−0.06 0.42+5.19

−0.16 Thick −8.09 ... ...

120 05 36 30.50−06 23 56.6 M4.5b,M6c M4.5 0.028 −36.1c ... CTTS 0.0 yes −1.75 0.19+0.10
−0.05 11.35+20.32

−5.38 Thick −10.78 ... ...

121 05 36 30.52−06 42 03.2 M6a,M6b M6 0.030 −21.1a 0.6a CTTS 0.0 yes ... 0.10+0.06
−0.00 2.56+6.39

−0.01 ... −11.00 −11.13 −11.30

122 05 36 30.96−06 52 41.0 M2a M2 0.012 ... ... ... 1.7 no 0.40 ... ... Thick ... ... ...

123 05 36 31.84−06 23 23.1 M6.5c M6.5 0.040 −37.0c ... CTTS 0.0 yes −1.27 0.12+0.07
−0.01 2.63+6.52

−0.59 Thick −10.55 ... ...

124 05 36 32.38−06 19 19.9 G8b G8 4.874 ... ... ... 2.9 no −2.03 1.96+0.07
−0.10 3.67+0.99

−0.73 Transition disk ... ... ...

125 05 36 32.42−06 40 43.0 M5a M5 0.144 −39.2a 0.4a CTTS 0.0 no −1.25 0.19+0.02
−0.02 0.90+0.29

−0.22 Thick −9.54 −9.83 −9.88

126 05 36 32.82−06 39 54.9 K7.5a,M0b K7.5 0.442 −0.7a 0.3a WTTS 0.3 no −2.99 0.69+0.16
−0.14 3.10+2.61

−1.27 No disk ... ... ...

127 05 36 32.89−06 44 20.9 M1a,M2b M1 0.544 −70.7a ... CTTS 4.8 yes −1.04 0.43+0.20
−0.12 0.81+10.19

−0.47 Thick −7.88 −8.13 −7.95

128 05 36 33.81−06 19 27.0 M5c M5 0.155 −9.7c 1.1c WTTS 0.0 no −2.72 0.17+0.07
−0.04 0.60+0.96

−0.27 No disk ... ... ...

129 05 36 35.23−06 50 12.2 M6a,M6b M6 0.058 −5.1a 0.5a WTTS 0.0 no ... 0.11+0.06
−0.01 1.11+2.54

−0.14 ... ... ... ...

130 05 36 35.76−06 42 49.9 M2.5a M2.5 0.213 −34.1a ... CTTS 2.5 yes −1.10 0.34+0.14
−0.09 1.87+6.00

−0.99 Thick −9.18 −9.40 −9.24

131 05 36 36.93−06 33 24.2 K8b K8 1.913 −110.0b ... CTTS 3.9 no −1.27 0.53+0.14
−0.11 0.22+0.24

−0.10 Thick −6.63 ... ...

132 05 36 40.69−06 30 09.3 M0b M0 0.570 ... ... ... 0.0 no −1.57 0.55+0.20
−0.11 1.28+1.70

−0.57 Thick ... ... ...

133 05 36 40.69−06 52 04.5 M2a M2 0.383 −6.2a 0.5a WTTS 0.0 no −2.64 0.37+0.06
−0.05 0.90+0.36

−0.26 No disk ... ... ...

134 05 36 40.94−06 41 17.8 M5a M5 0.204 −20.1a 0.5a CTTS 0.5 no −1.23 0.19+0.02
−0.02 0.54+0.16

−0.12 Thick −9.64 −10.15 −10.00

135 05 36 41.35−06 34 00.4 M0b M0 4.188 −148.0b ... CTTS 5.7 no −0.30 0.41+0.16
−0.06 0.03+0.06

−0.02 Thick −5.82 ... ...

136 05 36 41.98−06 20 45.4 M6b M6 0.056 −17.0b ... WTTS 0.0 no −2.72 0.11+0.06
−0.00 1.08+2.41

−0.08 No disk ... ... ...

137 05 36 43.77−06 15 28.6 M4b M4 0.215 −10.0b ... WTTS 0.0 no −1.36 0.24+0.09
−0.05 0.81+0.96

−0.36 Thick ... ... ...

138 05 36 45.21−06 28 09.6 M3.5b M3.5 0.453 −12.0b ... WTTS 0.0 no −2.66 0.25+0.07
−0.05 0.29+0.26

−0.14 No disk ... ... ...

139 05 36 45.79−06 48 16.0 M4.5a M4.5 0.007 −4.6a ... WTTS 0.0 no ... 0.16+0.02
−0.03 65.63+21.97

−24.53 ... ... ... ...

140 05 36 46.62−06 39 50.0 M5.5a,M2b M5.5 0.065 −15.2a 0.4a WTTS 0.0 no ... 0.14+0.03
−0.02 1.53+1.13

−0.44 ... ... ... ...

141 05 36 50.14−06 41 29.2 K5a,M0b K5 1.849 −7.6a 0.5a CTTS 3.5 no −1.68 0.85+0.31
−0.18 0.72+1.22

−0.30 Thick −8.30 −7.96 −7.34

142 05 36 50.23−06 48 58.2 M4.5a,M5b M4.5 0.333 −5.3a 0.6a WTTS 0.0 no −2.57 0.20+0.01
−0.01 0.25+0.04

−0.04 No disk ... ... ...

143 05 36 54.41−06 51 05.5 M5.5a M5.5 0.019 −1.8a ... WTTS 0.0 no ... 0.11+0.10
−0.01 6.56+24.94

−0.88 ... ... ... ...

144 05 37 49.54−06 56 27.4 M3.5a M3.5 0.586 −20.0a 0.6a CTTS 0.6 yes −1.98 0.26+0.03
−0.03 0.20+0.08

−0.06 Transition disk −8.65 −8.88 −8.75

145 05 37 51.72−06 56 51.9 M1.5a M1.5 1.324 −39.0a 0.5a CTTS 1.4 yes −1.43 0.34+0.08
−0.05 0.12+0.15

−0.05 Thick −7.47 −7.38 −7.02

146 05 37 53.28−07 02 27.2 M4.5a M4.5 0.059 −3.7a ... WTTS 0.0 no ... 0.20+0.05
−0.04 4.13+3.06

−1.44 ... ... ... ...

147 05 37 54.48−06 57 31.1 K6.5a K6.5 0.939 −2.6a 0.4a WTTS 0.9 yes −1.11 0.72+0.28
−0.24 1.21+4.48

−0.70 Thick ... ... ...
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Table 3.4: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

148 05 37 54.51−06 56 45.5 K7a K7 2.799 −0.5a 0.5a WTTS 1.9 yes −2.65 0.57+0.10
−0.10 0.15+0.10

−0.05 No disk ... ... ...

149 05 37 55.15−06 57 40.7 M5.5a M5.5 0.135 −14.5a 0.6a WTTS 0.2 yes ... 0.16+0.05
−0.03 0.62+0.70

−0.26 ... ... ... ...

150 05 37 55.22−06 57 35.8 M4.5a M4.5 0.273 −6.3a 0.6a WTTS 0.2 yes −1.80 0.20+0.03
−0.02 0.35+0.15

−0.11 Thin ... ... ...

151 05 37 55.65−06 57 18.1 M0a M0 1.554 −1.2a ... WTTS 2.1 yes −2.58 0.44+0.23
−0.10 0.19+0.49

−0.10 No disk ... ... ...

152 05 37 55.74−06 58 37.9 M3a M3 0.243 −3.7a ... WTTS 1.3 yes −1.00 0.30+0.06
−0.04 1.10+0.78

−0.35 Thick ... ... ...

153 05 37 55.99−06 52 33.7 M5.5a M5.5 0.161 −11.8a ... WTTS 0.0 no −2.66 0.15+0.02
−0.02 0.42+0.23

−0.14 No disk ... ... ...

154 05 38 00.67−07 01 14.3 M4a M4 0.021 −5.6a ... WTTS 0.0 no ... 0.25+0.09
−0.07 29.50+33.28

−14.72 ... ... ... ...

155 05 38 04.84−07 02 21.6 M5.5a M5.5 0.136 −12.8a ... WTTS 2.7 no −1.12 0.15+0.03
−0.03 0.55+0.57

−0.20 Thick ... ... ...

156 05 38 10.50−06 57 07.1 M3a M3 0.194 −9.7a 0.6a WTTS 1.5 no −1.71 0.34+0.05
−0.04 2.10+1.08

−0.67 Transition disk ... ... ...

157 05 38 13.45−07 06 43.3 K4.5a K4.5 2.519 −5.4a ... WTTS 10.3 no −0.99 0.92+0.45
−0.34 0.56+7.23

−0.35 Thick ... ... ...

158 05 38 19.52−06 55 29.7 M3a M3 0.382 −2.7a ... WTTS 7.1 no −2.73 0.30+0.11
−0.07 0.60+0.75

−0.27 No disk ... ... ...

159 05 38 21.22−07 01 20.3 M5a M5 0.102 −47.5a ... CTTS 1.4 no −1.27 0.17+0.03
−0.03 1.25+0.75

−0.38 Thick −9.70 −10.04 −9.59

160 05 38 34.06−07 04 36.8 M4a M4 0.007 −1.3a ... WTTS 0.0 no ... 0.20+0.02
−0.06 101.66+4.08

−51.84 ... ... ... ...

161 05 38 40.22−06 56 53.3 M2a M2 0.208 −3.1a ... WTTS 2.4 yes −2.63 0.39+0.13
−0.09 2.61+9.58

−1.34 No disk ... ... ...

162 05 38 40.59−07 02 23.8 M3a M3 0.155 −107.1a ... CTTS 3.5 yes −1.11 0.32+0.23
−0.12 2.59+19.02

−1.68 Thick −8.81 −9.65 −9.33

163 05 38 41.48−07 01 52.6 M4.5a M4.5 0.183 −9.6a 0.5a WTTS 2.6 yes −1.15 0.21+0.05
−0.04 0.78+0.65

−0.36 Thick ... ... ...

164 05 38 41.56−06 52 51.0 M5a M5 0.140 −9.4a 0.6a WTTS 0.2 no −2.68 0.19+0.06
−0.04 0.91+0.77

−0.38 No disk ... ... ...

165 05 38 43.22−06 58 08.9 K7.5a K7.5 14.069 −98.7a ... CTTS 12.6 yes −1.27 ... ... Thick ... ... ...

166 05 38 43.84−06 58 22.3 M2.5a M2.5 0.359 −66.9a ... CTTS 4.5 yes −0.52 0.33+0.15
−0.08 0.80+6.68

−0.48 Thick −8.36 −9.13 −9.00

167 05 38 44.95−06 58 14.7 M1a M1 0.598 −37.3a ... CTTS 6.0 yes −0.97 0.45+0.03
−0.03 0.77+0.17

−0.14 Thick −8.15 −7.22 −7.56

168 05 38 46.84−07 05 08.9 M2.5a M2.5 0.243 −99.3a ... CTTS 4.3 yes −1.64 0.34+0.07
−0.06 1.52+1.38

−0.62 Thick −8.49 −9.19 −9.14

169 05 38 47.17−07 02 40.4 K7a K7 6.562 −2.3a ... WTTS 13.0 yes −2.69 0.53+0.76
−0.14 0.03+2.60

−0.02 No disk ... ... ...

170 05 38 47.74−07 06 14.9 M1a M1 1.473 −76.8a ... CTTS 10.4 no −1.19 0.37+0.31
−0.10 0.13+6.60

−0.08 Thick −7.00 ... ...

171 05 38 47.93−07 05 06.1 M5a M5 0.378 −10.3a 0.5a WTTS 4.1 yes −2.62 0.18+0.03
−0.02 0.16+1.16

−0.06 No disk ... ... ...

172 05 38 49.88−07 02 35.4 M0a M0 0.087 −4.4a ... WTTS 6.6 yes ... 0.63+0.08
−0.30 44.51+26.80

−33.82 ... ... ... ...

173 05 38 50.44−07 00 43.0 K6a K6 4.113 −1.5a ... WTTS 10.9 yes −2.35 0.65+0.56
−0.22 0.12+3.62

−0.07 Thin ... ... ...

174 05 38 52.97−07 05 50.6 M6a M6 0.055 −32.0a ... CTTS 0.0 no −2.56 0.10+0.07
−0.00 0.97+2.95

−0.10 No disk −10.35 ... ...

175 05 38 53.33−07 05 45.2 K3.5a K3.5 0.016 −30.9a ... CTTS 2.1 no 0.47 ... ... Thick ... ... ...

176 05 38 54.45−07 04 46.7 M3a M3 0.177 −7.7a 0.6a WTTS 2.6 yes −2.72 0.33+0.04
−0.03 2.18+1.45

−0.52 No disk ... ... ...

177 05 38 54.93−07 07 10.9 M3.5a M3.5 0.156 −12.1a 0.7a WTTS 2.1 no −1.30 0.30+0.03
−0.02 2.16+0.67

−0.56 Thick ... ... ...

178 05 38 55.02−06 56 18.6 F5a F5 0.120 −0.5a ... WTTS 5.8 no 0.01 ... ... Thick ... ... ...

179 05 38 57.04−06 52 59.3 M1.5a M1.5 0.156 −184.8a 0.3a CTTS 0.7 no −1.33 0.55+0.09
−0.10 8.06+5.66

−2.99 Thick −8.44 −8.76 −8.34

180 05 40 19.41−08 14 16.4 K7b K7 1.152 ... ... ... 5.8 no −0.67 0.63+0.16
−0.15 0.68+0.75

−0.29 Thick ... ... ...

181 05 40 21.84−08 08 55.9 M3b M3 0.269 −25.0b ... CTTS 2.4 no −1.24 0.31+0.11
−0.07 1.01+2.93

−0.53 Thick −9.15 ... ...

182 05 40 24.97−07 55 35.3 M2a M2 1.723 −77.5a ... CTTS 8.2 no −0.91 0.28+0.10
−0.04 0.05+0.08

−0.03 Thick −6.94 −7.63 −6.88

183 05 40 24.97−08 07 33.2 K0b K0 8.857 −47.0b ... CTTS 4.4 no −0.53 2.43+0.09
−0.27 1.05+0.64

−0.35 Thick −6.54 ... ...

184 05 40 24.97−07 55 35.3 M3b M3 1.557 ... ... ... 8.0 no −0.91 0.24+0.06
−0.02 0.03+0.05

−0.02 Thick ... ... ...

185 05 40 25.75−08 11 16.8 M3b M3 0.385 −38.0b ... CTTS 4.2 no −1.16 0.29+0.09
−0.06 0.53+0.63

−0.23 Thick −8.63 ... ...

186 05 40 27.14−08 07 36.5 M3b M3 0.184 −230.0b ... CTTS 1.5 no −0.80 0.32+0.12
−0.08 1.98+6.20

−1.02 Thick −8.26 ... ...

187 05 40 35.44−07 56 36.5 M0.5a M0.5 0.596 −2.3a ... WTTS 8.5 no −2.76 0.51+0.38
−0.21 1.04+11.36

−0.71 No disk ... ... ...

188 05 40 37.36−08 04 03.0 Fb F 60.687 ... ... ... 6.7 no −0.82 3.01+0.18
−0.06 1.94+0.16

−0.30 Thick ... ... ...

189 05 40 41.01−08 02 18.6 M0b M0 1.126 ... ... ... 7.9 no −1.16 0.47+0.17
−0.09 0.36+0.51

−0.14 Thick ... ... ...

190 05 40 42.66−07 46 03.0 M5.5a M5.5 0.024 −7.9a ... WTTS 0.0 no ... 0.12+0.05
−0.01 4.97+6.84

−0.75 ... ... ... ...

191 05 40 46.22−08 05 24.3 K1b K1 13.154 −16.0b ... CTTS 4.8 yes −1.79 2.34+0.31
−0.43 0.42+0.32

−0.16 Thick −6.79 ... ...
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Table 3.4: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

192 05 40 46.40−08 04 36.1 K7b K7 4.795 ... ... ... 2.0 yes −2.48 0.55+0.15
−0.11 0.06+4.66

−0.03 Debris disk ... ... ...

193 05 40 46.62−08 07 12.8 K7b K7 8.229 ... ... ... 10.0 yes −2.61 0.57+0.13
−0.10 0.02+0.03

−0.01 Transition disk ... ... ...

194 05 40 46.84−08 04 54.6 M2.5b M2.5 1.231 −13.0b ... CTTS 5.2 yes 0.08 0.27+0.07
−0.04 0.08+0.09

−0.04 Thick ... ... ...

195 05 40 48.07−08 05 58.7 K7b K7 5.832 ... ... ... 1.9 yes −1.26 0.55+0.13
−0.11 0.04+0.05

−0.02 Thick ... ... ...

196 05 40 57.49−07 48 08.8 M2.5a M2.5 0.566 −37.3a ... CTTS 4.6 no −1.04 0.32+0.20
−0.09 0.38+6.95

−0.24 Thick −8.26 ... ...

197 05 40 59.75−08 06 03.2 M6b M6 0.097 −42.0b ... CTTS 0.0 no −0.35 0.12+0.06
−0.01 0.55+1.13

−0.11 Thick −9.83 ... ...

198 05 40 59.92−07 48 16.1 M2.5a M2.5 0.187 −65.0a ... CTTS 4.2 no −1.41 0.40+0.28
−0.17 3.10+24.67

−2.28 Thick −8.89 ... −8.94

199 05 41 03.55−07 57 46.3 M6a M6 0.027 −17.5a ... WTTS 0.0 no −2.77 ... ... No disk ... ... ...

200 05 41 04.09−07 43 38.6 M3a M3 0.138 −7.0a 0.5a WTTS 1.5 no −1.31 0.32+0.07
−0.06 2.99+5.19

−1.92 Thick ... ... ...

201 05 41 04.36−07 46 40.6 M5a M5 0.045 −5.7a ... WTTS 0.0 no ... 0.16+0.06
−0.03 3.93+4.75

−1.40 ... ... ... ...

202 05 41 05.03−07 45 34.2 M4.5a M4.5 0.179 −7.7a ... WTTS 2.4 no −2.67 0.20+0.09
−0.05 0.71+1.09

−0.34 No disk ... ... ...

203 05 41 05.49−07 47 07.5 G1a G1 8.105 −53.8a ... CTTS 10.6 no −1.59 1.95+0.16
−0.16 4.82+2.01

−1.09 Thick −6.56 −6.51 ...

204 05 41 07.00−07 47 15.9 M3.5a M3.5 0.108 −136.6a ... CTTS 0.0 no −2.07 0.30+0.09
−0.06 3.78+2.87

−1.73 Transition disk −8.97 −9.20 ...

205 05 41 07.08−07 46 22.5 M3.5a M3.5 0.155 −18.0a ... CTTS 1.3 no −1.32 0.30+0.12
−0.07 2.23+6.13

−1.16 Thick −9.79 −9.83 ...

206 05 41 14.03−08 07 57.4 M2b M2 0.953 −10.0b ... WTTS 1.2 no −1.25 0.32+0.09
−0.06 0.17+1.03

−0.09 Thick ... ... ...

207 05 41 16.25−07 43 51.4 M5.5a M5.5 0.024 −8.0a ... WTTS 0.9 no −2.69 0.13+0.04
−0.02 6.51+6.82

−1.92 No disk ... ... ...

208 05 41 20.12−07 55 24.0 M4a M4 0.581 −48.9a ... CTTS 10.2 yes −1.41 0.23+0.10
−0.04 0.15+0.28

−0.08 Thick −8.23 ... ...

209 05 41 25.35−08 05 54.7 K1b K1 4.941 −110.0b ... CTTS 2.6 no 0.18 1.94+0.10
−0.29 1.36+0.76

−0.49 Thick −6.40 ... ...

210 05 41 26.37−07 58 17.8 M5a,M6b M5 0.030 −7.0a 0.6a WTTS 0.0 no ... 0.16+0.07
−0.03 7.09+9.96

−2.77 ... ... ... ...

211 05 41 30.59−08 04 48.2 K7b K7 3.357 −40.0b ... CTTS 10.0 no −0.80 0.55+0.13
−0.12 0.11+0.12

−0.05 Thick −6.74 ... ...

212 05 41 33.38−07 59 56.3 M1.5a M1.5 1.097 −69.8a ... CTTS 9.7 no −1.38 0.34+0.12
−0.07 0.17+0.23

−0.08 Thick −7.31 ... ...

213 05 41 41.66−08 00 18.5 K7.5a K7.5 0.047 −28.4a ... CTTS 4.5 no −1.02 ... ... Thick ... ... ...

214 05 41 43.74−07 58 22.3 M5.5a M5.5 0.468 −405.3a 0.4a CTTS 2.4 no −1.01 0.16+0.03
−0.01 0.04+0.09

−0.02 Thick −7.49 −8.40 −8.68

215 05 41 49.23−07 57 12.3 M3.5a M3.5 0.150 −18.5a ... CTTS 3.1 no −1.53 0.28+0.09
−0.06 2.09+4.47

−0.91 Thick −9.80 ... ...

216 05 41 49.74−08 00 32.3 K5b K5 8.432 −18.0b ... CTTS 0.4 no −0.94 0.86+0.36
−0.16 0.07+0.14

−0.03 Thick −6.69 ... ...

217 05 41 51.84−08 06 56.6 M4.5a M4.5 0.129 −5.5a 0.7a WTTS 2.7 no −2.70 0.20+0.02
−0.02 1.23+0.25

−0.22 No disk ... ... ...

218 05 41 54.66−07 59 12.4 K3.5a,K8b K3.5 2.039 −6.6a 0.6a CTTS 5.9 no −1.73 1.20+0.24
−0.37 1.42+1.63

−0.75 Thick −8.40 ... ...

219 05 41 55.96−07 58 36.6 M4a M4 0.063 −4.1a ... WTTS 3.8 no −2.04 0.23+0.12
−0.06 4.83+9.01

−2.24 Thin ... ... ...

220 05 42 05.59−08 01 05.6 M2b M2 0.192 ... ... ... 0.9 no −1.76 0.43+0.13
−0.10 3.51+11.00

−1.73 Transition disk ... ... ...

221 05 42 07.25−08 05 24.4 M6b M6 0.049 ... ... ... 1.6 no −1.18 0.10+0.06
−0.00 1.27+3.53

−0.46 Thick ... ... ...

222 05 42 10.51−08 07 35.1 M5a,M4b M5 0.084 −7.8a ... WTTS 0.0 no ... 0.18+0.04
−0.03 1.84+1.07

−0.62 ... ... ... ...

223 05 42 11.04−08 01 05.4 M4.5a,M3b M4.5 0.056 ... 0.5a ... 0.0 no −1.16 0.19+0.05
−0.03 3.87+3.06

−1.34 Thick ... ... −10.98

224 05 42 13.51−08 10 01.5 M3b M3 0.080 −50.0b ... CTTS 1.6 no −1.09 0.35+0.12
−0.10 8.43+22.49

−4.73 Thick −9.76 ... ...

225 05 42 14.60−07 58 57.9 M3.5a M3.5 0.200 −13.2a 0.6a WTTS 1.1 no −1.09 0.29+0.05
−0.04 1.36+1.08

−0.42 Thick ... ... ...

226 05 42 15.93−08 09 37.8 M5a M5 0.134 −6.3a ... WTTS 3.3 no −2.31 0.18+0.06
−0.04 0.85+0.96

−0.36 Thin ... ... ...

227 05 42 18.11−08 08 10.9 K4.5a,K5b K4.5 0.924 −1.0a 0.5a WTTS 1.5 yes −2.96 1.13+0.09
−0.28 3.89+4.95

−1.95 No disk ... ... ...

228 05 42 18.56−07 59 23.0 M4.5a M4.5 0.069 −6.9a 0.6a WTTS 0.0 no −2.74 0.19+0.02
−0.01 2.68+0.56

−0.43 No disk ... ... ...

229 05 42 19.05−07 59 12.2 M5.5a M5.5 0.041 −18.9a 0.8a CTTS 0.0 no ... 0.11+0.04
−0.01 2.09+2.29

−0.46 ... −10.87 ... ...

230 05 42 19.56−08 05 07.6 M2.5b M2.5 0.134 ... ... ... 2.0 no −1.31 0.39+0.13
−0.10 4.88+13.33

−2.62 Thick ... ... ...

231 05 42 21.36−08 06 47.9 M3.5a M3.5 0.237 −12.9a ... WTTS 4.8 no −2.57 0.26+0.04
−0.03 0.88+0.41

−0.24 No disk ... ... ...

232 05 42 21.56−08 08 29.8 M0a,K8b M0 0.464 −39.3a,−10.0b 0.5a CTTS 0.5 yes −2.12 0.58+0.12
−0.08 1.95+2.21

−0.89 Transition disk −8.35 −8.42 −7.98

233 05 42 23.24−07 58 28.9 M5a M5 0.034 −5.9a 0.7a WTTS 0.1 no ... 0.17+0.05
−0.03 6.87+5.77

−2.54 ... ... ... ...

234 05 42 23.61−08 09 10.3 M3a,M2b M3 0.248 −44.5a,−65.0b 0.9a CTTS 1.1 yes −1.49 0.30+0.05
−0.04 1.14+0.63

−0.32 Thick −8.91 −9.07 −8.75

235 05 42 23.94−08 09 45.9 K4a,K5b K4 1.197 −0.9a 0.4a WTTS 3.1 yes −2.88 1.23+0.10
−0.32 3.42+4.88

−1.81 No disk ... ... ...
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Table 3.4: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

RA DEC adopted Lum EW(Hα) EW(Li) TTS AV Mass Age Disk LogṀacc Log Ṁacc Log Ṁacc

ID (J2000) (J2000) Spectral type Spectral type (L⊙) (Å) (Å) type (mag) clu α(3.6− 8.0µm) (M⊙) (Myr) property (M⊙ yr−1) (M⊙ yr−1) (M⊙ yr−1)

236 05 42 25.32−08 10 18.0 M1a,M0b M1 0.420 −3.3a 0.7a WTTS 0.7 yes −2.82 0.48+0.33
−0.18 1.47+9.16

−0.96 No disk ... ... ...

237 05 42 25.44−08 09 55.4 M1a,K8b M1 0.216 −21.2a,−27.0b ... CTTS 1.8 yes −1.66 0.55+0.11
−0.09 5.10+7.10

−2.07 Thick −9.34 −9.38 −9.40

238 05 42 25.68−07 58 22.0 M3a M3 0.135 −3.3a 0.2a WTTS 0.5 no −2.60 0.34+0.05
−0.04 3.66+1.69

−0.99 No disk ... ... ...

239 05 42 25.79−08 08 50.1 M2.5a M2.5 0.210 −61.8a 0.5a CTTS 1.2 yes −1.30 0.34+0.04
−0.04 1.89+0.77

−0.44 Thick −8.87 −9.33 −9.32

240 05 42 26.50−07 58 50.9 K6a K6 1.542 −91.6a 0.4a CTTS 4.4 no −0.64 0.69+0.49
−0.30 0.57+11.54

−0.40 Thick −6.95 ... ...

241 05 42 26.96−08 09 17.3 M3.5a M3.5 0.109 −3.4a ... WTTS 0.0 yes ... 0.31+0.03
−0.02 4.08+0.91

−0.64 ... ... ... ...

242 05 42 27.50−08 11 03.8 M5a,M3b M5 0.034 −9.4a ... WTTS 0.0 yes −2.09 0.15+0.04
−0.02 4.92+3.31

−1.71 Transition disk ... ... ...

243 05 42 27.59−08 09 52.6 M1b M1 0.294 −13.0b ... CTTS 1.1 yes −1.20 0.51+0.15
−0.11 2.82+9.09

−1.30 Thick −9.33 ... ...

244 05 42 29.78−08 07 26.4 M1a M1 0.372 −3.4a 0.6a WTTS 2.8 yes ... 0.50+0.44
−0.23 1.92+22.80

−1.49 ... ... ... ...

245 05 42 30.62−07 59 54.0 M2a M2 0.108 −2.2a 0.5a WTTS 0.1 no −2.87 0.47+0.10
−0.11 10.32+20.81

−4.36 No disk ... ... ...

246 05 42 30.87−08 10 45.7 M5a M5 0.090 −5.0a 0.6a WTTS 0.9 yes −1.64 0.18+0.03
−0.02 1.71+0.65

−0.44 Transition disk ... ... ...

247 05 42 31.00−08 06 38.1 M3.5b M3.5 0.166 −30.0b ... CTTS 0.0 yes −1.72 0.28+0.10
−0.07 1.71+2.01

−0.91 Thick −9.46 ... ...

248 05 42 31.33−08 02 35.3 M4.5a M4.5 0.086 −8.3a 0.7a WTTS 0.0 no −2.79 0.19+0.03
−0.02 2.12+0.72

−0.50 No disk ... ... ...

249 05 42 31.55−08 08 22.8 M4a,M2b M4 0.270 −12.4a,−15.0b ... WTTS 2.8 yes −0.60 0.22+0.04
−0.04 0.47+0.38

−0.20 Thick ... ... ...

250 05 42 32.66−08 10 07.9 M4.5a M4.5 0.119 −6.7a ... WTTS 1.5 yes ... 0.20+0.02
−0.02 1.41+0.48

−0.32 ... ... ... ...

251 05 42 32.77−08 07 04.8 M5a M5 0.132 −11.0a ... WTTS 0.3 yes ... 0.19+0.02
−0.01 1.02+0.32

−0.20 ... ... ... ...

252 05 42 34.02−08 09 59.7 K4a,K7b K4 2.186 −1.9a 0.5a WTTS 5.0 yes −2.33 1.17+0.26
−0.38 1.22+1.36

−0.67 Transition disk ... ... ...

253 05 42 34.31−08 02 12.1 M5a,M4b M5 0.068 −86.0a,−48.0b 0.4a CTTS 0.0 no −1.28 0.16+0.24
−0.04 1.99+29.05

−0.78 Thick −9.68 ... −9.98

254 05 42 34.92−08 07 50.5 M5a M5 0.126 −6.0a ... WTTS 1.9 yes ... 0.19+0.05
−0.04 1.08+1.19

−0.43 ... ... ... ...

255 05 42 36.41−08 10 17.8 M3b M3 0.063 −36.0b ... CTTS 2.8 yes ... 0.36+0.12
−0.10 12.49+16.77

−6.16 ... −10.12 ... ...

256 05 42 36.51−08 11 51.5 K5a K5 0.687 −1.7a 0.5a WTTS 3.0 no ... 1.06+0.06
−0.20 5.06+7.10

−2.17 ... ... ... ...

257 05 42 40.06−08 05 07.7 M2b M2 0.086 −12.0b ... CTTS 0.4 no −1.85 0.49+0.09
−0.13 15.81+16.78

−7.46 Transition disk −10.43 ... ...

258 05 42 42.10−08 15 15.3 M1b M1 0.356 ... ... ... 3.5 no −1.18 0.49+0.14
−0.11 1.95+4.72

−0.75 Thick ... ... ...

259 05 42 44.12−08 06 26.4 M3b M3 0.251 −22.0b ... CTTS 0.2 no −1.22 0.31+0.10
−0.07 1.15+1.16

−0.49 Thick −9.28 ... ...

260 05 42 47.18−08 05 57.0 M2b M2 0.110 ... ... ... 0.2 no −1.99 0.47+0.12
−0.13 9.97+9.87

−4.64 Transition disk ... ... ...

261 05 42 47.44−08 04 05.4 M2.5b M2.5 0.115 −76.0b ... CTTS 0.8 no −0.87 0.40+0.13
−0.10 6.39+13.83

−3.36 Thick −9.23 ... ...

262 05 42 48.24−08 05 57.1 M1b M1 0.088 −24.0b ... CTTS 0.8 no ... 0.61+0.03
−0.12 28.01+22.19

−12.32 ... −9.99 ... ...

263 05 42 51.65−08 07 41.2 M1b M1 0.093 −34.0b ... CTTS 2.0 no −1.56 0.61+0.03
−0.12 25.51+20.61

−10.84 Thick −9.76 ... ...

264 05 42 52.30−08 08 54.9 M5b M5 0.065 ... ... ... 0.6 no −1.38 0.17+0.09
−0.04 2.37+5.70

−0.94 Thick ... ... ...

265 05 42 59.13−08 09 23.6 M1b M1 0.389 −67.0b ... CTTS 2.0 no −0.88 0.48+0.14
−0.10 1.63+5.27

−0.62 Thick −8.20 ... ...

266 05 43 01.78−08 04 50.6 K5b K5 1.869 −32.0b ... CTTS 2.7 no −2.12 0.86+0.29
−0.15 0.73+0.99

−0.24 Transition disk −7.52 ... ...

267 05 43 08.49−08 11 32.3 M2b M2 0.053 ... ... ... 0.1 no −1.59 0.50+0.06
−0.13 36.34+24.57

−19.52 Thick ... ... ...
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Table 3.5: Photometric magnitudes of YSOs in L1630N.

RA DEC u′ g′ r′ i′ z′ 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)

1 05 45 21.38−00 00 45.9 21.51± 0.06 18.71± 0.01 17.09± 0.01 15.46± 0.01 14.55± 0.01 12.96± 0.02 12.22± 0.02 11.93± 0.02 11.62± 0.06 11.64± 0.06 11.44± 0.06 11.52± 0.06 ...

2 05 45 22.68−00 14 27.5 22.36± 0.11 19.91± 0.01 18.35± 0.01 16.39± 0.01 15.25± 0.01 13.50± 0.02 12.87± 0.03 12.54± 0.03 12.21± 0.06 12.05± 0.06 12.03± 0.06 11.96± 0.07 ...

3 05 45 26.16+00 06 37.9 19.24± 0.01 17.62± 0.01 16.18± 0.01 14.87± 0.01 13.93± 0.01 12.37± 0.02 11.61± 0.02 11.21± 0.02 10.50± 0.06 10.30± 0.06 9.91± 0.06 9.25± 0.06 ...

4 05 45 38.26−00 08 11.0 21.16± 0.05 18.10± 0.01 16.30± 0.01 15.13± 0.01 14.37± 0.01 12.65± 0.02 11.82± 0.02 11.53± 0.02 11.38± 0.06 11.38± 0.06 11.20± 0.06 11.17± 0.06 ...

5 05 45 41.68−00 04 02.4 21.03± 0.05 18.37± 0.01 16.79± 0.01 15.26± 0.01 14.41± 0.01 12.86± 0.03 12.09± 0.03 11.85± 0.03 11.50± 0.06 11.46± 0.06 11.36± 0.06 11.45± 0.06 ...

6 05 45 41.94−00 12 05.3 18.55± 0.01 15.85± 0.01 14.44± 0.01 14.05± 0.01 13.32± 0.01 11.93± 0.02 11.18± 0.02 10.99± 0.02 10.84± 0.06 10.93± 0.06 10.86± 0.06 10.61± 0.06 6.45± 0.06

7 05 45 42.80−00 01 01.8 22.97± 0.22 20.59± 0.01 18.98± 0.01 16.89± 0.01 15.67± 0.01 13.85± 0.02 13.18± 0.03 12.75± 0.03 11.93± 0.06 11.68± 0.06 11.25± 0.19 10.55± 0.06 ...

8 05 45 44.37+00 22 58.2 18.53± 0.01 16.88± 0.01 15.31± 0.01 14.87± 0.01 13.70± 0.01 12.02± 0.02 11.05± 0.02 10.38± 0.02 9.35± 0.06 8.99± 0.06 8.62± 0.06 8.05± 0.06 5.18± 0.06

9 05 45 44.56−00 10 35.6 ... 21.51± 0.03 19.43± 0.01 17.40± 0.01 16.20± 0.01 14.23± 0.03 13.27± 0.02 12.88± 0.03 12.52± 0.06 12.46± 0.06 12.30± 0.06 12.27± 0.08 ...

10 05 45 44.64+00 13 00.6 18.90± 0.01 16.39± 0.01 14.98± 0.01 14.50± 0.01 13.76± 0.01 12.52± 0.03 11.78± 0.02 11.59± 0.02 11.44± 0.06 11.47± 0.06 11.53± 0.06 11.42± 0.22 ...

11 05 45 45.58+00 04 35.6 21.35± 0.06 18.83± 0.01 17.31± 0.01 15.53± 0.01 14.54± 0.01 12.90± 0.02 12.21± 0.02 11.91± 0.02 11.53± 0.06 11.56± 0.06 11.45± 0.06 11.42± 0.06 ...

12 05 45 46.91+00 14 29.4 22.02± 0.11 19.76± 0.01 18.27± 0.01 16.58± 0.01 15.61± 0.01 14.01± 0.03 13.35± 0.03 13.04± 0.03 12.70± 0.06 12.62± 0.06 12.65± 0.06 12.56± 0.09 ...

13 05 45 49.56−00 08 38.8 23.57± 0.61 22.08± 0.06 20.20± 0.02 18.05± 0.01 16.73± 0.01 14.76± 0.03 13.85± 0.03 13.30± 0.03 12.80± 0.06 12.16± 0.06 11.91± 0.06 11.16± 0.06 8.58± 0.06

14 05 45 53.11−00 13 24.9 19.65± 0.02 17.60± 0.01 16.08± 0.01 15.04± 0.01 14.35± 0.01 12.78± 0.02 11.96± 0.02 11.69± 0.02 11.38± 0.06 11.27± 0.06 11.17± 0.06 11.01± 0.06 6.37± 0.06

15 05 45 53.54+00 33 08.8 20.26± 0.02 18.58± 0.01 16.60± 0.01 15.33± 0.01 14.36± 0.01 12.45± 0.02 11.40± 0.02 10.87± 0.02 10.14± 0.06 9.90± 0.06 9.38± 0.06 8.68± 0.06 5.93± 0.06

16 05 45 53.60+00 22 42.1 19.17± 0.01 16.66± 0.01 15.32± 0.01 14.96± 0.01 14.28± 0.01 13.04± 0.03 12.34± 0.02 12.15± 0.02 12.04± 0.06 12.04± 0.06 11.90± 0.06 11.96± 0.09 ...

17 05 45 54.09−00 03 16.7 ... 23.34± 0.15 21.02± 0.03 18.50± 0.01 17.02± 0.01 14.83± 0.03 13.85± 0.04 13.44± 0.04 12.84± 0.07 12.45± 0.07 ... ... ...

18 05 45 55.13+00 11 39.4 ... 22.21± 0.05 20.39± 0.01 18.25± 0.01 16.90± 0.01 14.74± 0.03 13.92± 0.03 13.30± 0.03 12.49± 0.06 12.12± 0.06 11.80± 0.08 11.23± 0.19 ...

19 05 45 56.20+00 33 10.3 21.42± 0.05 19.29± 0.01 17.85± 0.01 15.77± 0.01 14.61± 0.01 12.82± 0.02 12.25± 0.02 11.92± 0.02 11.48± 0.06 11.49± 0.06 11.29± 0.06 11.35± 0.06 ...

20 05 45 56.31+00 07 08.6 19.54± 0.01 16.81± 0.01 15.21± 0.01 15.41± 0.01 13.64± 0.01 12.13± 0.02 11.33± 0.02 11.03± 0.02 10.19± 0.06 9.85± 0.06 9.42± 0.06 9.11± 0.07 5.34± 0.06

21 05 45 56.73−00 00 25.4 ... 22.59± 0.06 20.01± 0.01 18.47± 0.01 17.18± 0.01 13.99± 0.03 12.85± 0.03 12.38± 0.02 11.80± 0.06 11.39± 0.06 10.85± 0.14 ... 6.06± 0.06

22 05 45 57.38+00 20 22.2 18.05± 0.01 16.40± 0.01 14.89± 0.01 14.40± 0.01 13.42± 0.01 11.75± 0.02 10.82± 0.02 10.22± 0.02 9.16± 0.06 8.92± 0.06 8.74± 0.06 8.07± 0.06 4.94± 0.06

23 05 45 57.62+00 07 21.1 23.15± 0.26 21.09± 0.02 19.36± 0.01 17.19± 0.01 15.90± 0.01 14.01± 0.02 13.31± 0.02 12.99± 0.03 12.33± 0.07 12.16± 0.06 11.82± 0.08 10.88± 0.15 ...

24 05 45 57.93+00 02 48.6 20.40± 0.03 19.50± 0.01 17.98± 0.01 16.37± 0.01 15.27± 0.01 13.52± 0.03 12.68± 0.03 12.15± 0.02 11.33± 0.06 10.98± 0.06 10.87± 0.14 10.41± 0.06 7.83± 0.07

25 05 46 00.18+00 03 07.0 20.25± 0.02 18.24± 0.01 16.58± 0.01 15.16± 0.01 13.79± 0.01 12.05± 0.02 11.22± 0.02 10.90± 0.02 10.46± 0.06 10.18± 0.06 9.67± 0.08 8.89± 0.15 5.62± 0.06

26 05 46 03.53+00 02 54.7 22.62± 0.17 20.79± 0.01 18.88± 0.01 17.50± 0.01 15.43± 0.01 13.41± 0.02 12.52± 0.02 12.20± 0.03 11.77± 0.06 11.76± 0.06 11.25± 0.19 ... ...

27 05 46 04.64+00 04 58.1 18.29± 0.01 16.78± 0.01 15.28± 0.01 15.20± 0.01 13.55± 0.01 11.34± 0.03 10.13± 0.03 9.45± 0.02 8.28± 0.06 7.96± 0.06 7.51± 0.06 6.83± 0.06 3.74± 0.06

28 05 46 04.58+00 00 38.2 22.32± 0.11 20.22± 0.01 18.11± 0.01 16.48± 0.01 15.38± 0.01 13.36± 0.02 12.28± 0.02 11.74± 0.03 11.03± 0.06 10.79± 0.06 10.40± 0.11 9.72± 0.33 6.68± 0.06

29 05 46 07.89−00 11 56.9 ... ... ... ... ... 9.80± 0.04 8.65± 0.05 8.40± 0.03 8.14± 0.06 7.96± 0.06 7.64± 0.06 7.28± 0.06 5.06± 0.06

30 05 46 09.27+00 13 32.6 19.07± 0.01 16.71± 0.01 15.03± 0.01 14.48± 0.01 13.25± 0.01 11.69± 0.03 10.70± 0.03 10.05± 0.02 8.91± 0.06 8.56± 0.06 8.07± 0.06 7.48± 0.06 4.30± 0.06

31 05 46 09.61−00 03 31.2 ... 23.63± 0.19 20.44± 0.02 18.44± 0.01 16.95± 0.01 14.01± 0.03 12.45± 0.02 11.72± 0.02 10.84± 0.06 10.57± 0.06 10.24± 0.10 9.59± 0.26 6.32± 0.06

32 05 46 10.31−00 00 06.7 21.82± 0.09 20.71± 0.01 18.74± 0.01 17.16± 0.01 15.98± 0.01 14.23± 0.03 12.91± 0.03 12.02± 0.02 10.59± 0.06 10.04± 0.06 9.65± 0.07 8.79± 0.14 5.71± 0.06

33 05 46 11.34−00 07 55.1 24.47± 0.94 23.29± 0.12 21.33± 0.04 20.38± 0.02 19.42± 0.04 17.61± 0.28 15.86± 0.14 15.15± 0.15 13.75± 0.06 13.14± 0.06 12.72± 0.07 11.44± 0.07 7.99± 0.06

34 05 46 11.86+00 32 25.9 17.02± 0.01 15.88± 0.01 13.27± 0.01 12.92± 0.01 13.65± 0.01 10.94± 0.02 10.05± 0.02 9.45± 0.02 8.52± 0.06 8.52± 0.06 8.36± 0.06 8.09± 0.06 4.33± 0.06

35 05 46 12.27−00 08 07.8 ... 23.43± 0.14 21.19± 0.03 18.67± 0.01 16.90± 0.01 14.63± 0.03 13.94± 0.02 13.51± 0.04 12.71± 0.06 12.29± 0.06 11.91± 0.06 11.05± 0.06 8.33± 0.06

36 05 46 12.99−00 08 14.8 ... 22.87± 0.09 20.99± 0.03 19.29± 0.01 18.21± 0.02 16.55± 0.10 15.63± 0.11 14.98± 0.12 14.11± 0.06 13.60± 0.06 12.67± 0.07 10.88± 0.06 6.26± 0.06

37 05 46 13.58−00 10 34.0 ... 22.95± 0.09 21.32± 0.04 19.33± 0.01 18.23± 0.02 16.66± 0.13 16.08± 0.20 15.69± 0.23 15.27± 0.06 15.21± 0.07 15.24± 0.26 ... ...

38 05 46 14.48+00 20 24.4 22.61± 0.19 20.31± 0.01 18.47± 0.01 16.64± 0.01 15.61± 0.01 13.82± 0.03 12.89± 0.03 12.52± 0.02 12.17± 0.06 12.05± 0.06 11.66± 0.06 11.38± 0.22 7.94± 0.06

39 05 46 16.75+00 07 13.5 ... 23.26± 0.10 19.95± 0.01 17.27± 0.01 15.45± 0.01 12.88± 0.02 11.62± 0.02 11.05± 0.02 10.56± 0.06 10.30± 0.06 9.92± 0.06 9.64± 0.08 ...

40 05 46 17.71−00 00 14.3 ... 21.76± 0.04 18.57± 0.01 16.92± 0.01 15.54± 0.01 12.84± 0.03 11.28± 0.03 10.40± 0.03 9.96± 0.06 9.76± 0.06 8.62± 0.06 7.06± 0.07 ...

41 05 46 18.30+00 06 57.8 21.23± 0.05 18.82± 0.01 16.49± 0.01 15.25± 0.01 14.29± 0.01 12.21± 0.02 11.07± 0.02 10.47± 0.02 9.36± 0.06 9.08± 0.06 8.50± 0.06 7.65± 0.06 4.85± 0.06

42 05 46 18.60+00 07 08.0 24.49± 0.93 23.97± 0.20 21.06± 0.03 18.59± 0.01 16.82± 0.01 13.99± 0.03 12.51± 0.02 11.78± 0.02 10.24± 0.06 9.81± 0.06 9.09± 0.06 8.37± 0.06 5.46± 0.06

43 05 46 18.89−00 05 38.1 19.43± 0.01 16.55± 0.01 14.79± 0.01 15.51± 0.01 13.01± 0.01 11.20± 0.02 10.16± 0.02 9.72± 0.02 8.87± 0.06 8.76± 0.06 8.12± 0.06 7.60± 0.07 5.69± 0.06

44 05 46 19.06+00 03 29.6 20.61± 0.03 18.59± 0.01 16.28± 0.01 14.83± 0.01 13.61± 0.01 10.63± 0.03 9.03± 0.03 7.87± 0.01 6.50± 0.06 6.10± 0.06 5.56± 0.06 5.00± 0.06 2.18± 0.06

45 05 46 19.47−00 05 20.0 17.99± 0.01 15.70± 0.01 14.08± 0.01 13.96± 0.01 12.67± 0.01 10.69± 0.02 9.65± 0.02 9.00± 0.02 7.98± 0.06 7.49± 0.06 7.07± 0.06 6.09± 0.06 2.95± 0.06
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Table 3.5: continued.

RA DEC u′ g′ r′ i′ z′ 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)

46 05 46 20.88+00 08 09.4 22.14± 0.10 19.94± 0.01 17.44± 0.01 15.99± 0.01 14.85± 0.01 12.53± 0.03 11.32± 0.03 10.69± 0.02 9.94± 0.06 9.41± 0.06 9.04± 0.06 8.06± 0.06 4.91± 0.06

47 05 46 22.43−00 08 52.6 18.41± 0.01 15.96± 0.01 14.44± 0.01 13.87± 0.01 13.15± 0.01 11.51± 0.02 10.65± 0.02 10.21± 0.02 9.59± 0.06 9.28± 0.06 9.21± 0.06 8.49± 0.06 4.74± 0.06

48 05 46 22.99+00 04 26.4 ... 20.05± 0.05 17.96± 0.05 16.35± 0.05 15.22± 0.05 13.06± 0.03 11.97± 0.03 11.43± 0.02 10.76± 0.06 10.34± 0.06 9.87± 0.08 9.17± 0.19 6.28± 0.06

49 05 46 23.83+00 04 27.2 23.00± 0.34 22.09± 0.06 19.70± 0.01 17.46± 0.01 15.96± 0.01 13.47± 0.03 12.19± 0.02 11.63± 0.02 11.17± 0.06 11.11± 0.06 10.98± 0.16 ... ...

50 05 46 25.09+00 05 41.2 ... 25.36± 0.90 20.54± 0.02 18.44± 0.01 16.74± 0.01 13.60± 0.03 11.74± 0.02 10.74± 0.02 9.89± 0.06 9.46± 0.06 9.03± 0.07 8.31± 0.10 5.31± 0.06

51 05 46 25.89+00 09 32.0 21.12± 0.06 19.65± 0.01 17.73± 0.01 16.13± 0.01 15.08± 0.01 13.19± 0.02 12.19± 0.02 11.64± 0.02 10.74± 0.06 10.28± 0.06 10.08± 0.06 9.22± 0.07 6.78± 0.06

52 05 46 26.65+00 31 07.5 21.97± 0.09 19.60± 0.01 17.18± 0.01 15.75± 0.01 14.69± 0.01 12.69± 0.02 11.33± 0.02 10.52± 0.02 9.59± 0.06 9.16± 0.06 8.82± 0.06 8.09± 0.06 5.84± 0.06

53 05 46 27.13+00 15 49.7 21.75± 0.09 19.35± 0.01 17.84± 0.01 16.24± 0.01 15.38± 0.01 13.91± 0.02 13.35± 0.02 13.02± 0.03 12.67± 0.06 12.66± 0.06 12.50± 0.11 ... ...

54 05 46 27.83+00 05 48.4 ... 20.37± 0.05 18.19± 0.05 16.27± 0.05 15.02± 0.05 12.71± 0.02 11.58± 0.02 11.11± 0.02 10.77± 0.06 10.62± 0.06 10.55± 0.12 10.61± 0.08 ...

55 05 46 28.36+00 12 27.0 24.00± 0.68 24.05± 0.26 21.05± 0.03 18.65± 0.01 16.90± 0.01 13.95± 0.02 12.45± 0.02 11.75± 0.02 10.22± 0.06 9.71± 0.06 9.34± 0.06 8.65± 0.06 5.57± 0.06

56 05 46 28.87+00 13 30.7 23.15± 0.35 22.07± 0.05 19.30± 0.01 17.40± 0.01 15.84± 0.01 12.66± 0.04 11.11± 0.05 9.99± 0.03 9.15± 0.06 8.63± 0.06 8.17± 0.06 7.36± 0.06 4.29± 0.06

57 05 46 29.00+00 29 07.2 20.70± 0.03 18.03± 0.01 16.11± 0.01 14.80± 0.01 13.92± 0.01 12.17± 0.02 11.30± 0.02 10.99± 0.02 10.63± 0.06 10.59± 0.06 10.54± 0.06 10.48± 0.06 ...

58 05 46 29.06+00 11 45.7 22.71± 0.27 21.14± 0.03 19.71± 0.01 18.04± 0.01 17.00± 0.01 15.45± 0.05 14.83± 0.05 14.50± 0.08 14.30± 0.07 14.18± 0.06 ... ... ...

59 05 46 29.59+00 10 57.2 23.02± 0.63 22.41± 0.13 20.05± 0.03 17.60± 0.01 15.83± 0.01 13.38± 0.02 12.25± 0.02 11.67± 0.02 10.81± 0.06 10.35± 0.06 9.91± 0.06 9.23± 0.07 6.60± 0.06

60 05 46 30.03+00 11 11.1 ... 24.28± 0.70 21.64± 0.10 19.35± 0.02 17.33± 0.02 14.95± 0.04 14.16± 0.04 13.66± 0.04 12.96± 0.06 12.96± 0.06 12.82± 0.13 ... ...

61 05 46 30.06+00 12 09.7 22.11± 0.16 20.46± 0.02 18.12± 0.01 16.35± 0.01 14.98± 0.01 12.64± 0.02 11.38± 0.02 10.72± 0.02 9.79± 0.06 9.51± 0.06 9.19± 0.06 8.41± 0.06 5.41± 0.06

62 05 46 31.03+00 27 12.1 23.60± 0.37 23.05± 0.09 21.14± 0.03 18.97± 0.01 17.49± 0.01 15.44± 0.05 14.82± 0.06 14.25± 0.06 13.45± 0.06 13.18± 0.06 12.70± 0.06 12.09± 0.09 ...

63 05 46 31.46+00 20 15.8 23.02± 0.27 20.22± 0.01 18.73± 0.01 17.33± 0.01 16.54± 0.01 15.14± 0.04 14.53± 0.05 14.24± 0.06 13.95± 0.06 13.93± 0.06 13.86± 0.09 ... ...

64 05 46 31.71+00 25 08.2 24.83± 0.88 23.42± 0.10 20.58± 0.01 18.23± 0.01 16.63± 0.01 13.79± 0.02 12.34± 0.02 11.57± 0.02 10.61± 0.06 10.48± 0.06 10.05± 0.06 9.52± 0.06 6.52± 0.06

65 05 46 33.28+00 02 51.9 20.97± 0.06 18.99± 0.01 16.70± 0.01 15.42± 0.01 14.27± 0.01 12.72± 0.02 11.17± 0.02 10.21± 0.02 8.82± 0.06 8.35± 0.06 7.92± 0.06 7.15± 0.07 4.75± 0.06

66 05 46 34.54+00 06 43.5 24.11± 0.87 20.22± 0.01 17.53± 0.01 15.94± 0.01 14.65± 0.01 11.96± 0.03 10.57± 0.03 9.73± 0.03 8.73± 0.06 8.29± 0.06 7.94± 0.06 7.31± 0.07 5.02± 0.06

67 05 46 34.90+00 04 20.7 ... 20.16± 0.05 18.11± 0.05 16.15± 0.05 14.96± 0.05 12.71± 0.02 11.56± 0.03 11.10± 0.02 10.66± 0.06 10.56± 0.06 10.06± 0.09 9.56± 0.26 ...

68 05 46 35.50+00 01 38.9 ... ... ... ... ... 13.27± 0.03 12.24± 0.02 11.61± 0.02 10.73± 0.06 10.51± 0.06 10.29± 0.10 ... ...

69 05 46 36.10+00 06 26.8 ... ... 22.99± 0.26 19.73± 0.02 17.56± 0.02 13.19± 0.02 10.97± 0.02 9.67± 0.02 8.27± 0.06 7.84± 0.06 7.41± 0.06 6.16± 0.06 2.38± 0.06

70 05 46 37.06+00 01 21.8 19.23± 0.03 17.83± 0.01 15.75± 0.01 14.67± 0.01 13.69± 0.01 11.67± 0.02 10.42± 0.02 9.52± 0.02 8.19± 0.06 7.74± 0.06 7.40± 0.06 6.71± 0.07 3.09± 0.06

71 05 46 37.57+00 04 02.5 ... ... 19.40± 0.02 16.77± 0.01 15.29± 0.01 13.08± 0.02 12.18± 0.03 11.71± 0.03 11.25± 0.06 11.04± 0.06 11.26± 0.20 ... ...

72 05 46 38.33+00 05 48.7 ... ... ... ... ... 13.37± 0.04 11.96± 0.04 11.08± 0.03 9.86± 0.06 9.30± 0.06 8.85± 0.06 8.05± 0.09 5.17± 0.06

73 05 46 38.40+00 15 11.6 22.87± 0.23 21.46± 0.03 19.35± 0.01 17.03± 0.01 15.55± 0.01 13.40± 0.03 12.48± 0.02 11.99± 0.02 11.33± 0.06 11.04± 0.06 10.84± 0.06 10.30± 0.10 ...

74 05 46 38.57+00 22 06.0 23.37± 0.67 20.98± 0.03 18.53± 0.01 16.80± 0.01 15.60± 0.01 13.41± 0.02 12.19± 0.02 11.70± 0.02 11.01± 0.06 10.87± 0.06 10.51± 0.06 9.76± 0.07 7.68± 0.06

75 05 46 39.89+00 06 44.9 ... ... 21.47± 0.07 18.93± 0.01 17.03± 0.01 13.84± 0.03 12.07± 0.02 11.12± 0.02 9.58± 0.06 9.08± 0.06 8.67± 0.07 8.14± 0.06 5.26± 0.06

76 05 46 40.18+00 05 01.9 ... 19.64± 0.02 17.05± 0.01 15.70± 0.01 14.70± 0.01 12.78± 0.03 11.77± 0.03 11.40± 0.03 10.93± 0.06 10.80± 0.06 10.71± 0.13 10.52± 0.11 ...

77 05 46 40.44−00 08 38.2 ... 23.19± 0.12 20.47± 0.02 18.55± 0.01 17.50± 0.01 0.01± 0.01 0.01± 0.01 0.01± 0.01 13.56± 0.06 13.60± 0.06 13.54± 0.07 ... ...

78 05 46 40.43+00 05 07.7 20.69± 0.09 18.93± 0.01 16.55± 0.01 15.10± 0.01 14.13± 0.01 12.23± 0.04 11.24± 0.04 10.88± 0.03 10.61± 0.06 10.47± 0.06 10.44± 0.11 ... ...

79 05 46 40.77+00 27 22.5 20.63± 0.03 19.83± 0.01 18.07± 0.01 16.39± 0.01 15.09± 0.01 12.90± 0.02 12.04± 0.03 11.39± 0.03 10.20± 0.06 9.90± 0.06 9.46± 0.06 8.83± 0.06 6.30± 0.06

80 05 46 43.82+00 03 21.8 ... ... ... ... ... 14.73± 0.03 13.81± 0.03 13.24± 0.02 12.50± 0.07 12.04± 0.07 ... ... ...

81 05 46 43.84+00 15 32.4 21.37± 0.12 19.07± 0.01 17.00± 0.01 15.62± 0.01 14.70± 0.01 12.93± 0.02 11.93± 0.02 11.39± 0.02 10.32± 0.06 10.19± 0.06 9.67± 0.09 9.27± 0.07 6.91± 0.07

82 05 46 44.08+00 18 03.2 19.20± 0.02 16.88± 0.01 15.02± 0.01 14.33± 0.01 13.25± 0.01 11.56± 0.02 10.61± 0.02 10.22± 0.02 9.42± 0.06 9.12± 0.06 8.68± 0.06 7.94± 0.06 5.93± 0.06

83 05 46 44.25+00 30 29.5 23.36± 0.28 22.32± 0.05 20.08± 0.01 17.46± 0.01 15.84± 0.01 13.48± 0.02 12.59± 0.02 12.13± 0.02 11.55± 0.06 11.55± 0.06 11.38± 0.07 11.39± 0.19 ...

84 05 46 44.84+00 16 59.8 22.12± 0.17 20.54± 0.02 18.12± 0.01 16.47± 0.01 15.28± 0.01 13.19± 0.02 12.06± 0.02 11.57± 0.02 10.95± 0.06 10.73± 0.06 10.58± 0.17 10.09± 0.06 5.84± 0.06

85 05 46 45.00+00 11 32.7 ... 22.29± 0.12 20.48± 0.04 18.96± 0.02 17.17± 0.02 14.54± 0.03 13.18± 0.03 12.44± 0.02 11.29± 0.06 10.83± 0.06 10.22± 0.13 ... 5.86± 0.06

86 05 46 45.00+00 24 48.7 23.10± 0.28 21.20± 0.02 19.68± 0.01 17.66± 0.01 16.55± 0.01 14.84± 0.04 14.20± 0.05 14.03± 0.05 13.52± 0.06 13.47± 0.06 13.29± 0.16 ... ...

87 05 46 45.04+00 05 33.9 ... ... ... ... ... 11.89± 0.04 10.67± 0.03 10.04± 0.02 9.41± 0.06 8.94± 0.06 8.47± 0.06 7.66± 0.09 4.78± 0.06

88 05 46 45.14+00 03 46.4 ... ... ... ... ... 13.68± 0.02 12.30± 0.02 11.53± 0.02 10.68± 0.06 10.14± 0.06 10.10± 0.11 ... ...

89 05 46 46.87+00 09 07.6 20.27± 0.06 18.92± 0.01 16.96± 0.01 15.90± 0.01 14.70± 0.01 12.29± 0.02 11.13± 0.02 10.40± 0.02 9.48± 0.06 9.04± 0.06 8.60± 0.07 7.60± 0.09 4.37± 0.06

90 05 46 48.55+00 21 28.2 23.19± 0.81 ... 21.46± 0.10 20.28± 0.05 19.07± 0.08 16.96± 0.20 15.47± 0.10 14.15± 0.06 11.77± 0.06 11.11± 0.06 10.42± 0.06 9.39± 0.07 5.49± 0.06
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Table 3.5: continued.

RA DEC u′ g′ r′ i′ z′ 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)

91 05 46 48.73+00 21 38.3 ... ... 23.16± 0.31 19.54± 0.02 17.53± 0.02 14.51± 0.03 13.00± 0.02 12.24± 0.02 11.35± 0.06 11.12± 0.06 10.74± 0.06 10.06± 0.08 7.24± 0.06

92 05 46 49.09+00 28 38.3 ... 25.60± 0.95 22.00± 0.06 19.30± 0.01 17.51± 0.01 14.72± 0.03 13.21± 0.03 12.50± 0.03 11.64± 0.06 11.22± 0.06 10.83± 0.06 10.14± 0.09 7.68± 0.06

93 05 46 51.19+00 18 08.2 22.21± 0.19 21.58± 0.04 19.72± 0.01 17.48± 0.01 16.06± 0.01 14.08± 0.03 13.24± 0.02 12.84± 0.03 12.19± 0.07 12.04± 0.07 ... ... ...

94 05 46 51.40+00 19 47.2 ... 24.59± 0.73 22.17± 0.14 20.41± 0.04 19.04± 0.06 16.30± 0.09 14.89± 0.06 14.10± 0.05 12.27± 0.07 11.29± 0.06 10.36± 0.06 9.13± 0.06 5.74± 0.06

95 05 46 51.48+00 19 21.3 21.91± 0.14 19.85± 0.01 17.75± 0.01 16.28± 0.01 15.13± 0.01 13.29± 0.02 12.30± 0.03 11.84± 0.02 11.14± 0.06 11.00± 0.06 10.55± 0.06 9.42± 0.07 6.68± 0.06

96 05 46 51.85+00 19 38.6 23.95± 0.90 23.18± 0.16 20.02± 0.02 17.79± 0.01 16.16± 0.01 13.55± 0.02 12.28± 0.03 11.56± 0.02 10.97± 0.06 10.75± 0.06 10.24± 0.13 9.15± 0.07 5.77± 0.06

97 05 46 52.41+00 20 01.7 20.73± 0.07 19.09± 0.01 17.16± 0.01 15.87± 0.01 14.86± 0.01 12.66± 0.02 11.48± 0.02 10.80± 0.02 9.70± 0.06 9.21± 0.06 8.82± 0.07 8.04± 0.06 4.83± 0.06

98 05 46 56.54+00 20 52.9 20.70± 0.07 18.09± 0.01 15.94± 0.01 14.74± 0.01 13.88± 0.01 11.94± 0.02 10.92± 0.02 10.56± 0.02 10.31± 0.06 10.32± 0.06 10.16± 0.13 10.10± 0.08 ...

99 05 46 58.03+00 14 27.8 21.19± 0.15 19.89± 0.02 18.03± 0.01 16.12± 0.01 14.88± 0.01 13.01± 0.02 12.10± 0.02 11.64± 0.02 10.65± 0.06 10.20± 0.06 9.75± 0.10 8.83± 0.21 5.97± 0.06

100 05 46 58.13+00 05 38.1 20.58± 0.06 18.04± 0.01 15.71± 0.01 14.27± 0.01 13.27± 0.01 11.23± 0.02 10.13± 0.02 9.69± 0.02 9.32± 0.06 9.16± 0.06 8.90± 0.07 8.30± 0.13 5.24± 0.06

101 05 47 01.95+00 16 56.7 ... 23.33± 0.23 22.16± 0.14 19.23± 0.02 17.42± 0.01 15.02± 0.04 14.19± 0.04 13.68± 0.04 13.10± 0.09 12.95± 0.09 ... ... ...

102 05 47 02.87+00 16 51.9 ... ... 21.50± 0.06 18.63± 0.01 17.01± 0.01 14.45± 0.03 13.33± 0.03 12.76± 0.03 11.83± 0.06 11.57± 0.06 ... ... ...

103 05 47 03.97+00 11 14.4 19.05± 0.01 17.90± 0.01 16.32± 0.01 15.14± 0.01 14.20± 0.01 12.46± 0.02 11.40± 0.02 10.80± 0.02 9.89± 0.06 9.63± 0.06 9.15± 0.07 8.29± 0.14 5.30± 0.06

104 05 47 04.48+00 15 47.2 ... ... 23.03± 0.22 19.35± 0.01 17.13± 0.01 13.69± 0.02 11.72± 0.02 10.63± 0.02 9.62± 0.06 9.03± 0.06 8.75± 0.07 8.14± 0.12 ...

105 05 47 04.94+00 18 31.6 21.77± 0.14 19.71± 0.01 17.16± 0.01 15.55± 0.01 14.32± 0.01 11.84± 0.01 10.88± 0.07 10.45± 0.05 10.06± 0.06 9.99± 0.06 9.81± 0.07 9.50± 0.09 ...

106 05 47 04.98+00 18 12.6 22.93± 0.69 23.05± 0.29 ... 18.64± 0.01 16.99± 0.01 14.45± 0.02 13.37± 0.02 12.92± 0.02 12.41± 0.07 12.34± 0.07 ... ... ...

107 05 47 05.06+00 18 34.8 23.64± 0.74 21.84± 0.07 18.71± 0.01 16.75± 0.01 15.38± 0.01 12.09± 0.01 11.67± 0.05 11.09± 0.03 10.48± 0.06 10.16± 0.06 9.63± 0.09 9.04± 0.24 ...

108 05 47 05.12+00 18 26.7 23.88± 0.93 21.28± 0.04 19.35± 0.01 17.10± 0.01 15.74± 0.01 13.40± 0.04 12.34± 0.03 11.94± 0.03 11.65± 0.06 11.48± 0.06 ... ... ...

109 05 47 05.34+00 28 46.1 23.11± 0.23 20.39± 0.01 18.26± 0.01 16.61± 0.01 15.59± 0.01 13.72± 0.03 12.73± 0.02 12.41± 0.03 11.97± 0.06 12.01± 0.06 11.97± 0.08 11.53± 0.24 ...

110 05 47 06.00+00 32 08.5 22.33± 0.12 20.10± 0.01 17.73± 0.01 16.38± 0.01 15.11± 0.01 11.74± 0.03 10.40± 0.03 9.37± 0.02 8.10± 0.06 7.58± 0.06 7.28± 0.06 6.56± 0.06 3.05± 0.06

111 05 47 05.98+00 25 53.1 ... ... 22.34± 0.07 19.57± 0.01 17.95± 0.01 14.55± 0.04 13.32± 0.03 12.72± 0.03 12.86± 0.06 12.32± 0.06 12.08± 0.08 11.72± 0.25 ...

112 05 47 06.17+00 20 32.5 ... 22.66± 0.11 19.72± 0.01 17.53± 0.01 15.82± 0.01 12.96± 0.02 11.37± 0.02 10.64± 0.02 9.67± 0.06 9.32± 0.06 8.75± 0.07 7.83± 0.06 4.52± 0.06

113 05 47 06.96+00 00 47.7 17.56± 0.01 15.72± 0.01 14.20± 0.01 13.73± 0.01 12.94± 0.01 11.35± 0.02 10.57± 0.02 10.22± 0.02 9.83± 0.06 9.61± 0.06 9.24± 0.07 8.15± 0.11 4.83± 0.06

114 05 47 06.99+00 31 55.9 21.88± 0.08 20.41± 0.01 18.21± 0.01 16.58± 0.01 15.36± 0.01 12.86± 0.02 11.69± 0.02 10.89± 0.02 10.00± 0.06 9.58± 0.06 9.11± 0.06 8.09± 0.06 4.65± 0.06

115 05 47 07.26+00 19 32.2 19.77± 0.03 17.60± 0.01 15.11± 0.01 15.15± 0.01 12.61± 0.01 10.23± 0.02 9.02± 0.02 8.32± 0.02 7.26± 0.06 6.77± 0.06 6.39± 0.06 5.70± 0.06 3.38± 0.06

116 05 47 08.69+00 00 14.0 19.93± 0.02 17.31± 0.01 15.64± 0.01 14.59± 0.01 13.29± 0.01 11.56± 0.02 10.80± 0.02 10.52± 0.03 10.20± 0.06 10.25± 0.06 10.03± 0.11 10.07± 0.06 ...

117 05 47 08.62+00 19 23.9 ... ... 20.59± 0.03 18.18± 0.01 16.52± 0.01 13.83± 0.03 12.51± 0.02 11.86± 0.02 10.80± 0.06 10.52± 0.06 10.09± 0.12 9.51± 0.07 ...

118 05 47 08.71+00 16 34.7 ... ... ... ... ... 14.86± 0.04 13.41± 0.02 12.76± 0.03 11.90± 0.06 11.51± 0.06 11.30± 0.29 ... ...

119 05 47 10.72+00 18 46.3 ... ... 19.82± 0.01 17.62± 0.01 16.07± 0.01 13.43± 0.03 11.93± 0.03 11.26± 0.02 10.41± 0.06 9.81± 0.06 9.25± 0.08 8.58± 0.17 ...

120 05 47 10.89+00 32 06.0 21.23± 0.05 18.55± 0.01 16.55± 0.01 15.24± 0.01 14.39± 0.01 12.56± 0.02 11.64± 0.03 11.19± 0.02 10.32± 0.06 9.90± 0.06 9.61± 0.06 9.04± 0.06 6.62± 0.06

121 05 47 10.98+00 19 14.8 19.98± 0.03 17.49± 0.01 15.33± 0.01 14.29± 0.01 13.16± 0.01 11.00± 0.02 9.84± 0.02 9.08± 0.02 8.24± 0.06 7.84± 0.06 7.69± 0.06 6.72± 0.07 3.35± 0.06

122 05 47 10.98+00 21 32.2 ... 22.87± 0.15 19.87± 0.02 17.88± 0.01 16.51± 0.01 14.04± 0.03 12.71± 0.04 12.14± 0.03 11.60± 0.06 11.61± 0.06 11.58± 0.07 11.53± 0.22 ...

123 05 47 12.92+00 22 06.5 ... ... 22.69± 0.19 19.87± 0.02 17.79± 0.02 14.03± 0.03 11.84± 0.02 10.54± 0.02 9.36± 0.06 8.77± 0.06 8.55± 0.06 7.75± 0.06 4.76± 0.06

124 05 47 13.85+00 00 17.1 18.53± 0.01 16.41± 0.01 14.67± 0.01 14.90± 0.01 12.78± 0.01 10.75± 0.06 9.80± 0.05 9.23± 0.05 8.25± 0.06 7.88± 0.06 7.64± 0.06 7.13± 0.07 4.40± 0.06

125 05 47 16.58−00 00 56.4 22.22± 0.15 19.73± 0.01 18.09± 0.01 16.03± 0.01 14.89± 0.01 13.06± 0.02 12.32± 0.02 11.89± 0.02 11.06± 0.06 10.77± 0.06 10.44± 0.14 9.83± 0.06 7.52± 0.07

126 05 47 17.16+00 18 24.6 21.13± 0.06 19.58± 0.01 17.69± 0.01 16.43± 0.01 15.33± 0.01 13.03± 0.02 11.86± 0.02 11.18± 0.02 9.96± 0.06 9.48± 0.06 9.19± 0.08 8.77± 0.19 5.80± 0.08

127 05 47 17.28+00 38 21.4 18.05± 0.01 16.24± 0.01 14.74± 0.01 14.40± 0.01 13.17± 0.01 11.52± 0.02 10.54± 0.02 9.91± 0.02 8.74± 0.06 8.43± 0.06 8.04± 0.06 7.45± 0.06 4.68± 0.06

128 05 47 19.72+00 01 21.8 19.80± 0.02 19.58± 0.01 17.95± 0.01 17.00± 0.01 15.72± 0.01 13.76± 0.02 13.09± 0.02 12.67± 0.02 11.57± 0.06 11.02± 0.06 10.75± 0.18 10.17± 0.06 7.07± 0.06

129 05 47 19.90+00 16 13.1 23.66± 0.50 24.32± 0.34 20.70± 0.02 18.16± 0.01 16.41± 0.01 13.82± 0.02 12.54± 0.02 11.95± 0.02 11.10± 0.06 10.67± 0.06 10.16± 0.13 ... 6.77± 0.06

130 05 47 22.99+00 17 56.7 21.75± 0.44 21.20± 0.10 19.35± 0.03 17.34± 0.01 15.93± 0.01 14.04± 0.03 12.91± 0.02 11.97± 0.01 11.99± 0.07 11.96± 0.07 ... ... ...

131 05 47 25.05+00 31 05.0 19.04± 0.01 16.53± 0.01 15.18± 0.01 16.05± 0.01 14.38± 0.01 12.64± 0.03 12.10± 0.04 11.83± 0.03 11.63± 0.06 11.74± 0.06 11.56± 0.07 11.57± 0.22 ...

132 05 47 57.53+00 11 31.2 21.40± 0.06 19.11± 0.01 17.34± 0.01 15.47± 0.01 14.37± 0.01 12.56± 0.02 11.75± 0.03 11.41± 0.02 11.12± 0.06 10.96± 0.06 10.85± 0.06 10.97± 0.06 ...
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Table 3.6: Photometric magnitudes of YSOs in L1641.

RA DEC u′ g′ r′ i′ z′ 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)

1 05 35 14.56−06 15 12.7 21.82± 0.22 18.89± 0.01 16.78± 0.01 15.42± 0.01 14.48± 0.01 12.49± 0.04 11.38± 0.04 10.86± 0.03 10.02± 0.06 9.35± 0.06 9.32± 0.06 8.43± 0.06 4.80± 0.06

2 05 35 14.67−06 15 07.3 ... 22.04± 0.09 19.86± 0.02 17.65± 0.01 16.08± 0.01 13.58± 0.04 12.43± 0.04 11.79± 0.02 10.93± 0.06 10.36± 0.06 9.96± 0.06 9.03± 0.06 ...

3 05 35 14.72−06 13 39.9 21.89± 0.24 20.14± 0.02 18.29± 0.01 16.03± 0.01 14.70± 0.01 12.67± 0.03 11.85± 0.03 11.49± 0.02 11.03± 0.06 10.92± 0.06 10.87± 0.06 10.80± 0.08 ...

4 05 35 15.83−06 24 45.7 21.43± 0.14 19.19± 0.01 17.76± 0.01 15.99± 0.01 15.02± 0.01 13.42± 0.02 12.84± 0.03 12.55± 0.02 12.20± 0.06 12.07± 0.06 12.05± 0.07 11.93± 0.17 ...

5 05 35 17.80−06 24 38.4 17.85± 0.01 15.78± 0.01 14.38± 0.01 15.25± 0.01 12.94± 0.01 11.31± 0.02 10.52± 0.03 10.22± 0.02 9.21± 0.06 8.53± 0.06 7.95± 0.06 7.01± 0.06 4.94± 0.06

6 05 35 18.26−06 24 30.3 22.61± 0.72 19.95± 0.02 18.51± 0.01 16.51± 0.01 15.37± 0.01 13.69± 0.03 13.11± 0.03 12.80± 0.03 12.36± 0.06 12.21± 0.06 12.17± 0.07 12.02± 0.22 ...

7 05 35 18.95−06 27 25.6 20.04± 0.06 18.59± 0.01 17.20± 0.01 15.64± 0.01 14.73± 0.01 13.14± 0.03 12.39± 0.03 11.89± 0.02 11.19± 0.06 10.89± 0.06 10.46± 0.06 9.73± 0.06 6.59± 0.06

8 05 35 19.34−06 24 14.5 19.02± 0.03 17.18± 0.01 15.79± 0.01 15.05± 0.01 14.17± 0.01 12.82± 0.02 12.11± 0.03 11.91± 0.02 11.73± 0.06 11.65± 0.06 11.63± 0.06 11.55± 0.13 ...

9 05 35 21.77−06 18 51.2 21.12± 0.19 19.05± 0.01 17.67± 0.01 15.99± 0.01 15.08± 0.01 13.52± 0.03 12.87± 0.03 12.53± 0.02 12.02± 0.06 11.76± 0.06 11.59± 0.06 11.06± 0.11 ...

10 05 35 23.60−06 28 24.4 19.18± 0.04 16.66± 0.01 15.29± 0.01 17.49± 0.01 13.00± 0.01 11.49± 0.03 10.76± 0.03 10.56± 0.02 10.33± 0.06 10.07± 0.06 10.25± 0.06 10.22± 0.07 ...

11 05 35 24.45−06 27 47.2 22.27± 0.45 19.80± 0.02 18.28± 0.01 16.78± 0.01 15.98± 0.01 14.52± 0.03 13.97± 0.05 13.73± 0.04 13.31± 0.06 13.30± 0.06 13.30± 0.12 ... ...

12 05 35 24.49−06 28 40.5 21.21± 0.22 19.01± 0.01 17.60± 0.01 15.79± 0.01 14.80± 0.01 13.23± 0.03 12.52± 0.03 12.28± 0.02 12.05± 0.06 11.90± 0.06 11.81± 0.07 11.80± 0.16 ...

13 05 35 25.11−06 47 56.6 15.14± 0.01 14.65± 0.01 14.11± 0.01 13.71± 0.01 12.97± 0.01 11.37± 0.03 10.47± 0.03 9.97± 0.02 9.51± 0.06 8.91± 0.06 8.56± 0.06 7.70± 0.06 5.06± 0.06

14 05 35 25.70−06 23 18.9 20.10± 0.08 17.59± 0.01 16.16± 0.01 14.93± 0.01 14.18± 0.01 12.73± 0.03 12.01± 0.03 11.82± 0.02 11.65± 0.06 11.62± 0.06 11.46± 0.06 11.49± 0.13 ...

15 05 35 26.59−06 15 32.8 20.80± 0.14 18.25± 0.01 16.80± 0.01 15.43± 0.01 14.66± 0.01 13.17± 0.03 12.44± 0.08 12.22± 0.06 11.83± 0.06 11.90± 0.06 11.85± 0.07 11.80± 0.17 ...

16 05 35 26.80−06 15 34.4 20.69± 0.13 18.30± 0.01 16.87± 0.01 15.47± 0.01 14.69± 0.01 13.19± 0.07 12.51± 0.04 12.29± 0.03 12.07± 0.06 12.05± 0.06 11.97± 0.07 11.95± 0.17 ...

17 05 35 26.83−06 26 47.6 18.10± 0.01 15.58± 0.01 14.29± 0.01 13.74± 0.01 13.29± 0.01 12.07± 0.02 11.36± 0.03 11.18± 0.02 11.00± 0.06 10.95± 0.06 10.97± 0.06 10.95± 0.09 ...

18 05 35 26.96−06 27 13.0 22.48± 0.55 19.86± 0.02 18.46± 0.01 16.78± 0.01 15.86± 0.01 14.33± 0.03 13.77± 0.03 13.50± 0.03 13.03± 0.06 13.03± 0.06 12.90± 0.09 ... ...

19 05 35 27.17−06 19 42.0 18.16± 0.02 16.03± 0.01 14.57± 0.01 13.98± 0.01 12.86± 0.01 11.29± 0.02 10.49± 0.03 10.14± 0.02 9.65± 0.06 9.35± 0.06 9.08± 0.06 8.56± 0.06 5.96± 0.06

20 05 35 27.35−06 19 31.3 21.81± 0.37 20.87± 0.04 19.13± 0.01 18.14± 0.01 17.37± 0.01 15.91± 0.08 14.70± 0.07 13.94± 0.04 12.67± 0.06 11.97± 0.06 11.36± 0.06 10.62± 0.08 7.82± 0.06

21 05 35 28.28−06 22 29.3 ... 21.82± 0.08 20.33± 0.03 18.23± 0.01 17.02± 0.01 15.30± 0.05 14.73± 0.06 14.47± 0.06 14.02± 0.06 13.85± 0.06 13.90± 0.18 ... ...

22 05 35 29.21−06 16 29.7 22.66± 0.74 19.27± 0.01 17.37± 0.01 15.28± 0.01 14.05± 0.01 12.09± 0.06 11.28± 0.07 10.86± 0.05 10.52± 0.06 10.36± 0.06 10.32± 0.06 10.39± 0.07 ...

23 05 35 29.46−06 16 26.6 21.67± 0.30 18.50± 0.01 16.49± 0.01 15.04± 0.01 14.13± 0.01 12.38± 0.02 11.42± 0.03 10.95± 0.02 10.35± 0.06 9.96± 0.06 9.66± 0.06 9.49± 0.06 6.81± 0.06

24 05 35 30.41−06 27 07.2 ... ... ... ... ... 15.32± 0.04 14.84± 0.08 14.58± 0.08 13.95± 0.06 13.78± 0.06 ... ... ...

25 05 35 31.05−06 45 18.1 16.36± 0.01 15.61± 0.01 14.60± 0.01 14.14± 0.01 13.04± 0.01 11.55± 0.02 10.85± 0.03 10.52± 0.02 9.94± 0.06 9.61± 0.06 9.24± 0.06 8.34± 0.06 5.21± 0.06

26 05 35 31.49−06 14 18.9 20.16± 0.13 17.81± 0.01 16.35± 0.01 15.17± 0.01 14.49± 0.01 13.04± 0.02 12.39± 0.03 12.21± 0.02 11.93± 0.06 11.75± 0.06 11.86± 0.07 11.82± 0.15 ...

27 05 35 31.89−06 36 25.5 21.71± 0.34 20.36± 0.03 18.78± 0.01 17.10± 0.01 15.90± 0.01 14.11± 0.02 13.19± 0.03 12.48± 0.02 11.54± 0.06 10.99± 0.06 10.66± 0.06 10.04± 0.08 7.13± 0.06

28 05 35 33.93−06 14 32.8 20.05± 0.13 18.53± 0.01 17.03± 0.01 15.42± 0.01 14.42± 0.01 12.75± 0.02 12.11± 0.03 11.81± 0.02 11.25± 0.06 10.91± 0.06 10.40± 0.06 9.77± 0.06 7.01± 0.06

29 05 35 34.17−06 22 57.8 20.19± 0.09 17.67± 0.01 16.24± 0.01 15.12± 0.01 14.51± 0.01 13.17± 0.02 12.47± 0.03 12.23± 0.02 12.10± 0.06 12.06± 0.06 11.90± 0.07 11.93± 0.17 ...

30 05 35 34.19−06 39 43.3 19.90± 0.11 17.53± 0.01 16.04± 0.01 15.16± 0.01 14.23± 0.01 12.80± 0.02 12.08± 0.04 11.73± 0.02 11.08± 0.06 10.80± 0.06 10.44± 0.06 9.94± 0.08 7.47± 0.06

31 05 35 34.34−06 24 22.8 ... 20.79± 0.04 19.33± 0.01 17.51± 0.01 16.42± 0.01 14.82± 0.04 14.24± 0.05 13.90± 0.05 13.47± 0.06 13.28± 0.06 13.30± 0.12 12.55± 0.28 ...

32 05 35 38.59−06 23 43.1 20.61± 0.13 18.42± 0.01 17.01± 0.01 15.62± 0.01 14.85± 0.01 13.41± 0.03 12.75± 0.03 12.47± 0.02 12.12± 0.06 12.17± 0.06 11.94± 0.06 11.84± 0.16 ...

33 05 35 40.83−06 18 06.7 20.26± 0.09 17.77± 0.01 16.32± 0.01 15.18± 0.01 14.55± 0.01 13.16± 0.02 12.46± 0.03 12.21± 0.02 11.98± 0.06 11.90± 0.06 11.86± 0.06 12.03± 0.15 ...

34 05 35 41.02−06 22 45.4 17.24± 0.01 15.54± 0.01 14.08± 0.01 16.80± 0.01 12.52± 0.01 10.91± 0.02 10.07± 0.03 9.70± 0.02 9.05± 0.06 8.67± 0.06 8.41± 0.06 8.06± 0.06 4.74± 0.06

35 05 35 41.65−06 25 19.2 22.66± 0.72 22.59± 0.17 21.14± 0.06 18.61± 0.01 17.18± 0.01 15.33± 0.01 14.85± 0.09 14.60± 0.10 13.98± 0.06 13.94± 0.06 ... ... ...

36 05 35 42.09−06 16 20.8 22.42± 0.59 21.64± 0.07 20.11± 0.02 18.10± 0.01 16.91± 0.01 15.12± 0.05 14.52± 0.08 14.15± 0.05 13.48± 0.06 13.24± 0.06 13.02± 0.10 12.59± 0.27 ...

37 05 35 42.84−06 21 44.6 19.81± 0.07 17.32± 0.01 15.88± 0.01 14.86± 0.01 14.24± 0.01 12.98± 0.02 12.25± 0.03 11.96± 0.02 11.49± 0.06 11.15± 0.06 11.06± 0.06 10.18± 0.06 7.74± 0.06

38 05 35 42.76−06 34 51.9 16.35± 0.01 15.66± 0.01 14.67± 0.01 14.32± 0.01 13.69± 0.01 12.37± 0.02 11.58± 0.03 11.16± 0.02 10.46± 0.06 9.98± 0.06 9.55± 0.06 8.90± 0.06 6.43± 0.06

39 05 35 43.37−06 22 19.6 20.86± 0.16 18.87± 0.01 17.18± 0.01 15.47± 0.01 14.31± 0.01 12.10± 0.02 11.21± 0.03 10.67± 0.02 10.00± 0.06 9.53± 0.06 9.28± 0.06 8.80± 0.06 6.06± 0.06

40 05 35 44.18−06 28 16.4 20.51± 0.12 20.12± 0.03 18.74± 0.01 17.04± 0.01 15.87± 0.01 14.12± 0.03 13.61± 0.04 13.15± 0.03 12.57± 0.06 12.04± 0.06 11.60± 0.07 10.84± 0.08 8.13± 0.06

41 05 35 44.27−06 26 39.5 ... 21.62± 0.06 20.13± 0.02 17.87± 0.01 16.57± 0.01 14.76± 0.04 14.23± 0.05 13.83± 0.04 13.36± 0.06 13.25± 0.06 13.24± 0.11 ... ...

42 05 35 47.65−06 21 36.1 17.43± 0.01 17.34± 0.01 16.34± 0.01 15.35± 0.01 14.26± 0.01 12.58± 0.02 11.91± 0.03 11.39± 0.02 10.57± 0.06 10.14± 0.06 9.78± 0.06 9.18± 0.06 6.29± 0.06

43 05 35 48.28−06 17 59.4 20.08± 0.04 17.50± 0.01 16.09± 0.01 14.94± 0.01 14.24± 0.01 12.80± 0.02 12.10± 0.03 11.90± 0.02 11.70± 0.06 11.60± 0.06 11.47± 0.06 11.62± 0.11 ...

44 05 35 48.39−06 17 36.2 20.78± 0.08 18.22± 0.01 16.80± 0.01 15.32± 0.01 14.50± 0.01 13.01± 0.02 12.35± 0.03 12.11± 0.02 11.86± 0.06 11.71± 0.06 11.67± 0.06 11.68± 0.11 ...

45 05 35 50.19−06 50 40.2 18.82± 0.03 17.40± 0.01 15.89± 0.01 15.25± 0.01 14.59± 0.01 13.01± 0.02 11.82± 0.03 10.86± 0.02 9.57± 0.06 9.04± 0.06 8.31± 0.06 7.70± 0.06 4.83± 0.06
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Table 3.6: continued.

RA DEC u′ g′ r′ i′ z′ 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)

46 05 35 57.30−06 40 28.1 18.30± 0.02 17.47± 0.01 16.05± 0.01 15.02± 0.01 14.27± 0.01 12.86± 0.02 12.14± 0.03 11.81± 0.02 11.33± 0.06 10.88± 0.06 10.45± 0.06 9.66± 0.07 7.26± 0.06

47 05 35 57.31−06 15 37.7 17.46± 0.01 16.74± 0.01 15.71± 0.01 14.81± 0.01 14.13± 0.01 12.62± 0.02 11.90± 0.03 11.45± 0.02 10.67± 0.06 10.32± 0.06 10.01± 0.06 9.45± 0.06 6.95± 0.06

48 05 35 57.45−06 42 41.9 16.52± 0.01 14.99± 0.01 14.94± 0.01 12.24± 0.01 12.61± 0.01 10.96± 0.03 10.14± 0.03 9.65± 0.02 8.38± 0.06 7.70± 0.06 7.21± 0.06 6.38± 0.06 4.08± 0.06

49 05 35 57.45−06 16 35.0 19.23± 0.03 16.26± 0.01 14.80± 0.01 13.62± 0.01 12.95± 0.01 11.62± 0.02 11.00± 0.03 10.82± 0.02 10.53± 0.06 10.42± 0.06 10.38± 0.06 10.36± 0.07 ...

50 05 35 57.85−06 23 44.4 19.30± 0.03 18.67± 0.01 17.44± 0.01 15.89± 0.01 15.09± 0.01 12.84± 0.03 12.30± 0.04 12.01± 0.03 11.40± 0.06 11.05± 0.06 10.66± 0.06 9.90± 0.06 7.45± 0.06

51 05 35 58.10−06 14 50.9 21.58± 0.19 18.95± 0.01 17.53± 0.01 15.77± 0.01 14.79± 0.01 13.29± 0.02 12.69± 0.03 12.42± 0.02 12.03± 0.06 11.93± 0.06 11.90± 0.06 11.83± 0.15 ...

52 05 35 58.25−06 36 43.1 18.04± 0.02 16.33± 0.01 14.87± 0.01 14.33± 0.01 13.57± 0.01 11.71± 0.03 10.85± 0.03 10.38± 0.02 9.75± 0.06 9.37± 0.06 8.99± 0.06 8.45± 0.06 5.24± 0.06

53 05 35 58.26−06 14 04.6 22.61± 0.41 20.78± 0.04 19.72± 0.02 18.42± 0.01 17.45± 0.01 14.98± 0.04 13.68± 0.05 12.91± 0.02 11.34± 0.06 10.75± 0.06 10.34± 0.06 9.66± 0.06 5.80± 0.06

54 05 35 59.75−06 16 06.4 15.99± 0.01 14.74± 0.01 14.86± 0.01 15.51± 0.01 12.36± 0.01 0.01± 0.01 0.01± 0.01 0.01± 0.01 8.60± 0.06 8.28± 0.06 7.95± 0.06 7.42± 0.06 5.32± 0.06

55 05 35 59.84−06 42 30.5 18.21± 0.02 18.69± 0.01 17.44± 0.01 16.03± 0.01 15.16± 0.01 13.44± 0.05 12.74± 0.06 12.24± 0.05 11.29± 0.06 10.55± 0.06 10.29± 0.06 9.58± 0.07 ...

56 05 36 00.18−06 42 33.9 17.54± 0.01 15.57± 0.01 13.77± 0.01 15.18± 0.01 13.04± 0.01 10.94± 0.03 10.05± 0.03 9.48± 0.02 8.53± 0.06 8.26± 0.06 7.78± 0.06 7.33± 0.06 4.81± 0.06

57 05 36 01.09−06 25 07.7 20.10± 0.04 18.01± 0.01 16.62± 0.01 15.25± 0.01 14.48± 0.01 12.98± 0.02 12.27± 0.03 12.10± 0.02 11.74± 0.06 11.42± 0.06 11.28± 0.06 10.75± 0.07 8.46± 0.06

58 05 36 01.10−06 15 31.4 16.65± 0.01 15.97± 0.01 14.89± 0.01 14.29± 0.01 13.60± 0.01 12.18± 0.02 11.44± 0.03 11.05± 0.02 10.36± 0.06 10.05± 0.06 9.63± 0.06 8.89± 0.06 6.33± 0.06

59 05 36 01.66−06 42 36.2 21.40± 0.23 19.98± 0.02 18.43± 0.01 16.44± 0.01 15.22± 0.01 13.35± 0.03 12.73± 0.03 12.33± 0.02 11.60± 0.06 11.42± 0.06 11.04± 0.06 10.59± 0.10 ...

60 05 36 05.00−06 42 44.0 20.53± 0.11 18.56± 0.01 17.09± 0.01 15.23± 0.01 14.08± 0.01 12.31± 0.02 11.65± 0.03 11.30± 0.02 10.65± 0.06 10.29± 0.06 10.06± 0.06 9.50± 0.07 6.88± 0.06

61 05 36 04.98−06 46 41.4 17.50± 0.01 15.13± 0.01 13.73± 0.01 13.14± 0.01 12.48± 0.01 11.03± 0.02 10.34± 0.03 10.12± 0.02 9.78± 0.06 9.71± 0.06 9.51± 0.06 9.02± 0.06 6.77± 0.06

62 05 36 05.08−06 29 32.2 17.36± 0.01 15.67± 0.01 14.41± 0.01 13.44± 0.01 13.41± 0.01 12.37± 0.02 11.27± 0.03 10.49± 0.02 9.03± 0.06 8.58± 0.06 8.12± 0.06 7.74± 0.06 5.34± 0.06

63 05 36 05.16−06 25 25.4 18.68± 0.01 16.21± 0.01 14.86± 0.01 13.98± 0.01 13.31± 0.01 11.82± 0.02 11.09± 0.03 10.91± 0.02 10.51± 0.06 10.57± 0.06 10.35± 0.06 10.49± 0.07 ...

64 05 36 06.59−06 31 43.0 20.70± 0.08 18.30± 0.01 16.92± 0.01 15.57± 0.01 14.78± 0.01 13.32± 0.03 12.69± 0.03 12.47± 0.02 12.14± 0.06 11.93± 0.06 11.61± 0.07 10.74± 0.09 7.57± 0.06

65 05 36 06.65−06 32 17.2 19.88± 0.04 17.78± 0.01 16.16± 0.01 15.20± 0.01 14.04± 0.01 12.13± 0.02 10.66± 0.03 9.68± 0.01 8.40± 0.06 7.98± 0.06 7.62± 0.06 7.05± 0.06 4.73± 0.06

66 05 36 06.66−06 14 25.9 18.02± 0.01 16.06± 0.01 14.65± 0.01 15.88± 0.01 13.29± 0.01 11.53± 0.04 10.72± 0.05 10.10± 0.03 8.75± 0.06 8.27± 0.06 7.99± 0.06 7.45± 0.06 4.71± 0.06

67 05 36 06.93−06 18 53.4 19.44± 0.02 16.99± 0.01 15.58± 0.01 16.27± 0.01 13.02± 0.01 11.50± 0.02 10.81± 0.03 10.53± 0.02 10.23± 0.06 10.14± 0.06 10.11± 0.06 10.14± 0.06 ...

68 05 36 08.29−06 48 36.3 19.19± 0.02 17.28± 0.01 15.77± 0.01 14.65± 0.01 13.71± 0.01 12.08± 0.02 11.13± 0.03 10.63± 0.02 9.29± 0.06 8.64± 0.06 7.95± 0.06 7.17± 0.06 4.09± 0.06

69 05 36 08.34−06 24 37.9 21.23± 0.10 19.33± 0.01 17.83± 0.01 15.75± 0.01 14.50± 0.01 12.70± 0.02 12.08± 0.03 11.74± 0.02 11.14± 0.06 10.90± 0.06 10.67± 0.06 10.22± 0.07 8.08± 0.06

70 05 36 08.57−06 40 33.6 22.10± 0.37 21.34± 0.06 19.90± 0.02 17.61± 0.01 16.18± 0.01 14.43± 0.03 13.84± 0.04 13.53± 0.03 13.03± 0.06 12.86± 0.06 12.86± 0.13 ... ...

71 05 36 09.35−06 17 10.8 19.50± 0.02 16.85± 0.01 15.34± 0.01 14.35± 0.01 13.58± 0.01 12.03± 0.02 11.31± 0.03 11.12± 0.02 10.91± 0.06 10.67± 0.06 10.79± 0.06 10.79± 0.07 ...

72 05 36 09.49−06 18 36.3 18.47± 0.01 15.93± 0.01 14.51± 0.01 13.75± 0.01 13.11± 0.01 11.75± 0.02 11.04± 0.03 10.91± 0.02 10.74± 0.06 10.61± 0.06 10.57± 0.06 10.54± 0.07 ...

73 05 36 09.52−06 24 33.7 21.12± 0.09 20.39± 0.02 18.99± 0.01 17.33± 0.01 16.27± 0.01 14.64± 0.03 14.08± 0.05 13.74± 0.03 13.16± 0.06 12.84± 0.06 12.59± 0.08 12.00± 0.14 ...

74 05 36 10.19−06 18 54.8 23.42± 0.67 20.52± 0.02 18.26± 0.01 17.05± 0.01 16.18± 0.01 14.30± 0.03 13.29± 0.03 12.96± 0.02 12.61± 0.06 12.69± 0.06 12.48± 0.07 12.29± 0.18 ...

75 05 36 10.44−06 20 01.5 17.01± 0.01 14.82± 0.01 13.97± 0.01 13.35± 0.01 13.00± 0.01 11.66± 0.02 11.07± 0.03 10.91± 0.02 10.77± 0.06 10.73± 0.06 10.62± 0.06 10.70± 0.07 ...

76 05 36 11.12−06 18 14.1 22.74± 0.36 21.29± 0.04 19.74± 0.01 17.63± 0.01 16.40± 0.01 14.64± 0.04 14.06± 0.05 13.79± 0.04 13.23± 0.06 13.21± 0.06 13.08± 0.09 ... ...

77 05 36 11.31−06 16 56.0 21.69± 0.14 20.38± 0.02 18.94± 0.01 16.95± 0.01 15.75± 0.01 13.99± 0.02 13.41± 0.03 13.11± 0.03 12.46± 0.06 12.17± 0.06 11.90± 0.06 11.38± 0.10 8.42± 0.06

78 05 36 11.46−06 22 22.1 ... 21.25± 0.04 18.49± 0.01 16.73± 0.01 15.34± 0.01 12.69± 0.04 11.24± 0.04 10.43± 0.03 9.76± 0.06 9.19± 0.06 8.80± 0.06 8.16± 0.06 5.74± 0.06

79 05 36 11.67−06 24 58.4 ... 20.76± 0.02 19.33± 0.01 17.41± 0.01 16.31± 0.01 14.75± 0.03 14.04± 0.04 13.83± 0.04 13.26± 0.06 13.01± 0.06 12.83± 0.08 11.81± 0.12 7.39± 0.06

80 05 36 12.61−06 23 39.6 21.15± 0.10 19.33± 0.01 17.59± 0.01 15.87± 0.01 14.74± 0.01 12.74± 0.03 11.80± 0.04 11.36± 0.03 10.70± 0.06 10.29± 0.06 10.09± 0.06 9.50± 0.06 6.72± 0.06

81 05 36 12.97−06 23 33.0 21.79± 0.20 18.74± 0.01 16.45± 0.01 14.92± 0.01 13.83± 0.01 11.48± 0.03 10.47± 0.05 10.04± 0.04 9.69± 0.06 9.61± 0.06 9.40± 0.06 9.54± 0.10 ...

82 05 36 12.97−06 23 33.0 21.79± 0.20 18.74± 0.01 16.45± 0.01 14.92± 0.01 13.83± 0.01 11.48± 0.03 10.47± 0.05 10.04± 0.04 9.63± 0.06 9.53± 0.06 9.35± 0.06 8.91± 0.06 5.19± 0.06

83 05 36 13.15−06 25 41.1 20.28± 0.04 17.74± 0.01 16.34± 0.01 15.18± 0.01 14.52± 0.01 13.11± 0.02 12.47± 0.03 12.23± 0.02 12.05± 0.06 11.94± 0.06 11.94± 0.06 11.95± 0.14 ...

84 05 36 13.45−06 43 55.1 21.69± 0.42 22.43± 0.38 21.57± 0.16 20.39± 0.07 19.68± 0.11 17.20± 0.22 16.25± 0.22 15.87± 0.23 15.47± 0.09 15.07± 0.07 ... ... ...

85 05 36 14.76−06 13 16.9 17.84± 0.01 16.71± 0.01 15.44± 0.01 14.53± 0.01 13.91± 0.01 12.47± 0.02 11.74± 0.03 11.50± 0.02 10.99± 0.06 10.71± 0.06 10.27± 0.06 9.56± 0.06 7.33± 0.06

86 05 36 15.07−06 17 36.9 16.45± 0.01 14.80± 0.01 14.09± 0.01 14.89± 0.01 12.66± 0.01 11.19± 0.02 10.42± 0.03 9.99± 0.02 9.33± 0.06 9.06± 0.06 8.82± 0.06 7.84± 0.06 5.03± 0.06

87 05 36 15.60−06 27 20.0 21.06± 0.08 18.62± 0.01 17.23± 0.01 15.86± 0.01 15.08± 0.01 13.65± 0.02 13.00± 0.03 12.80± 0.04 12.49± 0.06 12.46± 0.06 12.35± 0.07 12.40± 0.19 ...

88 05 36 15.84−06 14 50.7 19.23± 0.02 17.55± 0.01 16.09± 0.01 15.04± 0.01 14.38± 0.01 13.01± 0.02 12.29± 0.03 12.08± 0.02 11.83± 0.06 11.82± 0.06 11.54± 0.06 10.68± 0.07 6.72± 0.06

89 05 36 17.11−06 28 20.2 ... 23.08± 0.17 20.94± 0.04 18.86± 0.01 17.55± 0.01 15.51± 0.05 14.69± 0.06 14.29± 0.05 13.58± 0.06 13.28± 0.06 12.91± 0.09 12.35± 0.18 ...

90 05 36 17.23−06 17 24.5 20.44± 0.05 18.10± 0.01 16.63± 0.01 14.89± 0.01 13.89± 0.01 12.22± 0.02 11.60± 0.03 11.32± 0.02 10.85± 0.06 10.66± 0.06 10.37± 0.06 9.79± 0.06 6.46± 0.06
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Table 3.6: continued.

RA DEC u′ g′ r′ i′ z′ 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)

91 05 36 18.48−06 20 38.7 17.95± 0.01 16.36± 0.01 15.03± 0.01 14.21± 0.01 13.64± 0.01 12.20± 0.02 11.43± 0.03 11.10± 0.02 10.25± 0.06 9.90± 0.06 9.66± 0.06 9.07± 0.06 6.51± 0.06

92 05 36 18.88−06 22 04.2 20.71± 0.07 18.43± 0.01 16.96± 0.01 15.77± 0.01 15.08± 0.01 0.01± 0.01 0.01± 0.01 0.01± 0.01 ... ... ... ... ...

93 05 36 19.09−06 22 50.6 23.46± 0.76 21.59± 0.05 20.15± 0.02 17.92± 0.01 16.65± 0.01 14.90± 0.03 14.28± 0.05 13.95± 0.04 13.53± 0.06 13.24± 0.06 12.97± 0.08 ... ...

94 05 36 19.38−06 25 51.3 20.29± 0.04 19.51± 0.01 17.99± 0.01 16.17± 0.01 14.86± 0.01 13.16± 0.02 12.36± 0.03 11.80± 0.01 10.80± 0.06 10.43± 0.06 10.01± 0.06 9.29± 0.06 6.36± 0.06

95 05 36 21.10−06 17 17.3 20.77± 0.06 18.44± 0.01 17.00± 0.01 15.30± 0.01 14.34± 0.01 12.77± 0.02 12.18± 0.03 11.94± 0.02 11.53± 0.06 11.36± 0.06 11.47± 0.06 11.30± 0.09 ...

96 05 36 21.16−06 26 56.9 21.86± 0.17 20.02± 0.01 18.66± 0.01 16.93± 0.01 15.97± 0.01 14.61± 0.04 13.97± 0.05 13.52± 0.04 12.91± 0.06 12.55± 0.06 12.05± 0.07 11.73± 0.22 ...

97 05 36 21.57−06 22 52.4 ... 24.57± 0.82 22.00± 0.12 19.76± 0.02 17.85± 0.02 14.45± 0.03 12.29± 0.03 10.97± 0.02 9.22± 0.06 8.56± 0.06 7.98± 0.06 7.33± 0.06 4.13± 0.06

98 05 36 21.84−06 26 02.0 19.43± 0.03 18.04± 0.01 16.88± 0.01 15.97± 0.01 15.06± 0.01 12.27± 0.02 11.13± 0.04 10.26± 0.03 9.00± 0.06 8.51± 0.06 7.89± 0.06 7.39± 0.06 5.32± 0.06

99 05 36 21.88−06 23 29.9 ... ... 22.30± 0.14 18.99± 0.01 16.79± 0.01 13.44± 0.03 11.58± 0.03 10.45± 0.02 9.02± 0.06 8.11± 0.06 7.25± 0.06 6.29± 0.06 3.18± 0.06

100 05 36 21.96−06 41 42.0 20.64± 0.08 18.68± 0.01 17.27± 0.01 15.50± 0.01 14.51± 0.01 12.87± 0.03 12.22± 0.03 11.90± 0.02 11.46± 0.06 11.11± 0.06 10.79± 0.06 10.22± 0.08 ...

101 05 36 22.47−06 23 44.8 23.28± 0.87 22.61± 0.19 19.59± 0.02 17.96± 0.01 16.47± 0.01 13.91± 0.02 12.46± 0.03 11.58± 0.02 10.57± 0.06 10.05± 0.06 9.75± 0.06 9.28± 0.06 ...

102 05 36 23.26−06 19 37.5 21.23± 0.10 19.80± 0.01 18.63± 0.01 17.84± 0.01 16.27± 0.01 13.21± 0.02 12.57± 0.03 12.36± 0.02 12.23± 0.06 12.08± 0.06 12.04± 0.06 11.99± 0.14 ...

103 05 36 24.48−06 22 23.2 21.96± 0.20 20.94± 0.03 18.68± 0.01 16.53± 0.01 15.08± 0.01 12.75± 0.02 11.52± 0.03 11.07± 0.02 10.54± 0.06 10.30± 0.06 10.13± 0.06 9.81± 0.06 ...

104 05 36 24.54−06 52 34.2 20.79± 0.09 19.35± 0.01 17.90± 0.01 16.19± 0.01 15.17± 0.01 13.50± 0.02 12.85± 0.03 12.53± 0.02 12.00± 0.06 11.67± 0.06 11.38± 0.06 10.83± 0.09 8.15± 0.06

105 05 36 25.13−06 44 41.9 23.33± 0.88 19.58± 0.01 16.97± 0.01 15.44± 0.01 14.17± 0.01 11.30± 0.03 9.47± 0.03 8.21± 0.02 6.55± 0.06 5.84± 0.06 5.16± 0.06 4.28± 0.06 0.55± 0.06

106 05 36 25.28−06 23 07.2 23.54± 0.82 21.20± 0.03 19.67± 0.01 17.60± 0.01 16.46± 0.01 14.73± 0.03 14.15± 0.05 13.95± 0.05 13.54± 0.06 13.32± 0.06 ... ... ...

107 05 36 25.41−06 24 31.2 22.49± 0.30 20.48± 0.02 18.98± 0.01 16.90± 0.01 15.70± 0.01 13.98± 0.03 13.32± 0.03 13.02± 0.02 12.62± 0.06 12.49± 0.06 12.42± 0.08 12.50± 0.21 ...

108 05 36 25.55−06 51 28.3 21.85± 0.29 19.38± 0.01 17.84± 0.01 16.13± 0.01 15.14± 0.01 13.54± 0.03 12.99± 0.04 12.69± 0.03 12.35± 0.06 12.19± 0.06 12.17± 0.07 12.06± 0.19 ...

109 05 36 26.08−06 26 15.5 23.47± 0.96 22.45± 0.14 20.65± 0.04 18.09± 0.01 16.36± 0.01 14.22± 0.02 13.49± 0.03 13.00± 0.03 12.45± 0.06 12.23± 0.06 12.22± 0.07 12.28± 0.18 ...

110 05 36 26.71−06 26 29.0 18.67± 0.01 15.80± 0.01 14.12± 0.01 15.04± 0.01 12.59± 0.01 11.04± 0.03 10.21± 0.03 10.00± 0.02 9.87± 0.06 9.66± 0.06 9.66± 0.06 9.66± 0.06 ...

111 05 36 26.83−06 24 57.5 21.23± 0.10 18.98± 0.01 17.53± 0.01 15.78± 0.01 14.77± 0.01 13.16± 0.03 12.59± 0.03 12.28± 0.02 11.90± 0.06 11.93± 0.06 11.76± 0.06 11.92± 0.26 ...

112 05 36 27.01−06 21 07.6 22.76± 0.37 20.16± 0.02 18.68± 0.01 17.52± 0.01 16.87± 0.01 15.55± 0.06 15.02± 0.09 14.56± 0.07 14.42± 0.06 14.32± 0.06 14.13± 0.15 ... ...

113 05 36 27.72−06 23 12.3 20.21± 0.04 18.26± 0.01 16.72± 0.01 14.86± 0.01 13.73± 0.01 11.90± 0.03 11.21± 0.03 10.77± 0.02 10.25± 0.06 9.98± 0.06 9.55± 0.06 8.86± 0.06 6.30± 0.06

114 05 36 27.89−06 25 36.0 19.84± 0.03 18.07± 0.01 16.70± 0.01 15.26± 0.01 14.43± 0.01 12.93± 0.03 12.31± 0.03 12.04± 0.02 11.77± 0.06 11.67± 0.06 11.51± 0.06 10.95± 0.13 6.73± 0.06

115 05 36 28.10−06 44 32.6 20.05± 0.05 18.14± 0.01 16.48± 0.01 15.29± 0.01 14.49± 0.01 12.83± 0.03 11.97± 0.03 11.68± 0.02 10.87± 0.06 10.59± 0.06 10.43± 0.06 9.99± 0.07 ...

116 05 36 29.06−06 38 40.7 20.13± 0.07 19.47± 0.01 18.35± 0.01 16.90± 0.01 15.83± 0.01 14.27± 0.03 13.48± 0.03 12.96± 0.03 11.93± 0.06 11.46± 0.06 11.16± 0.06 10.73± 0.11 ...

117 05 36 29.59−06 38 50.4 21.39± 0.19 19.27± 0.01 17.86± 0.01 16.21± 0.01 15.24± 0.01 13.79± 0.03 13.07± 0.03 12.86± 0.03 12.53± 0.06 12.43± 0.06 12.37± 0.10 ... ...

118 05 36 30.10−06 23 10.2 18.72± 0.01 17.15± 0.01 15.55± 0.01 14.68± 0.01 14.02± 0.01 12.17± 0.03 11.04± 0.03 10.32± 0.02 9.30± 0.06 8.84± 0.06 8.49± 0.06 7.80± 0.06 4.20± 0.06

119 05 36 30.23−06 42 46.1 ... ... 20.17± 0.02 17.94± 0.01 16.32± 0.01 13.42± 0.03 11.94± 0.03 11.26± 0.02 10.21± 0.06 9.90± 0.06 9.36± 0.06 8.63± 0.06 5.49± 0.06

120 05 36 30.50−06 23 56.6 21.35± 0.12 20.81± 0.02 19.56± 0.01 17.84± 0.01 16.72± 0.01 15.07± 0.04 14.49± 0.05 14.18± 0.05 13.56± 0.06 13.49± 0.06 13.20± 0.09 12.63± 0.23 ...

121 05 36 30.52−06 42 03.2 ... 21.45± 0.05 20.06± 0.02 17.97± 0.01 16.82± 0.01 15.15± 0.04 14.49± 0.05 14.20± 0.05 13.89± 0.06 13.68± 0.06 ... ... ...

122 05 36 30.96−06 52 41.0 ... ... ... ... ... 16.45± 0.11 15.50± 0.10 15.00± 0.10 14.10± 0.06 13.34± 0.06 12.44± 0.08 11.28± 0.11 7.35± 0.06

123 05 36 31.84−06 23 23.1 22.87± 0.45 21.05± 0.03 19.59± 0.01 17.66± 0.01 16.52± 0.01 14.94± 0.04 14.30± 0.04 13.85± 0.05 13.38± 0.06 13.11± 0.06 12.72± 0.09 12.02± 0.14 ...

124 05 36 32.38−06 19 19.9 16.79± 0.01 14.87± 0.01 13.16± 0.01 14.54± 0.01 12.87± 0.01 10.89± 0.03 10.20± 0.03 9.94± 0.02 9.22± 0.06 9.12± 0.06 8.90± 0.06 8.48± 0.06 5.75± 0.06

125 05 36 32.42−06 40 43.0 20.66± 0.08 19.01± 0.01 17.60± 0.01 15.94± 0.01 15.00± 0.01 13.37± 0.03 12.67± 0.03 12.40± 0.02 11.62± 0.06 11.34± 0.06 10.97± 0.06 10.24± 0.07 7.63± 0.06

126 05 36 32.82−06 39 54.9 18.83± 0.02 16.09± 0.01 14.72± 0.01 14.84± 0.01 13.73± 0.01 12.51± 0.03 11.81± 0.03 11.60± 0.02 11.57± 0.06 11.60± 0.06 11.53± 0.06 11.72± 0.23 ...

127 05 36 32.89−06 44 20.9 22.94± 0.63 21.63± 0.06 18.87± 0.01 17.11± 0.01 15.70± 0.01 13.02± 0.03 11.52± 0.03 10.68± 0.02 9.66± 0.06 9.12± 0.06 8.83± 0.06 7.96± 0.06 4.60± 0.06

128 05 36 33.81−06 19 27.0 21.78± 0.15 19.30± 0.01 17.88± 0.01 16.07± 0.01 15.06± 0.01 13.44± 0.02 12.84± 0.03 12.57± 0.02 12.21± 0.06 12.18± 0.06 12.07± 0.07 12.12± 0.16 ...

129 05 36 35.23−06 50 12.2 ... 20.90± 0.03 19.44± 0.01 17.28± 0.01 16.07± 0.01 14.30± 0.03 13.72± 0.03 13.41± 0.03 12.88± 0.06 12.81± 0.06 12.78± 0.14 ... ...

130 05 36 35.76−06 42 49.9 ... 21.03± 0.04 18.66± 0.01 16.86± 0.01 15.65± 0.01 13.58± 0.03 12.44± 0.03 11.94± 0.02 11.31± 0.06 11.01± 0.06 10.46± 0.06 9.80± 0.06 7.10± 0.06

131 05 36 36.93−06 33 24.2 17.57± 0.01 16.64± 0.01 15.33± 0.01 14.73± 0.01 13.88± 0.01 11.77± 0.03 10.62± 0.03 9.66± 0.02 8.25± 0.06 7.77± 0.06 7.30± 0.06 6.83± 0.06 4.83± 0.06

132 05 36 40.69−06 30 09.3 17.87± 0.01 15.58± 0.01 14.31± 0.01 13.78± 0.01 13.12± 0.01 11.98± 0.03 11.28± 0.03 10.94± 0.02 10.51± 0.06 10.17± 0.06 9.91± 0.06 9.38± 0.07 6.82± 0.06

133 05 36 40.69−06 52 04.5 19.30± 0.03 16.91± 0.01 15.50± 0.01 14.49± 0.01 13.83± 0.01 12.34± 0.03 11.61± 0.03 11.40± 0.02 11.31± 0.06 11.21± 0.06 11.08± 0.06 11.14± 0.10 ...

134 05 36 40.94−06 41 17.8 22.66± 0.49 19.77± 0.01 17.98± 0.01 16.02± 0.01 14.89± 0.01 13.03± 0.02 12.17± 0.03 11.81± 0.02 11.35± 0.06 11.01± 0.06 10.59± 0.06 9.94± 0.07 6.16± 0.06

135 05 36 41.35−06 34 00.4 19.83± 0.09 17.45± 0.01 15.73± 0.01 14.57± 0.01 13.90± 0.01 11.08± 0.03 10.15± 0.04 9.52± 0.03 8.48± 0.06 7.85± 0.06 7.04± 0.06 6.23± 0.06 2.29± 0.06
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Table 3.6: continued.

RA DEC u′ g′ r′ i′ z′ 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)

136 05 36 41.98−06 20 45.4 ... 20.91± 0.03 19.27± 0.01 17.28± 0.01 16.22± 0.01 14.09± 0.04 13.53± 0.04 13.28± 0.04 12.83± 0.06 12.77± 0.06 12.59± 0.07 12.76± 0.25 ...

137 05 36 43.77−06 15 28.6 20.29± 0.13 18.16± 0.01 16.77± 0.01 15.31± 0.01 14.48± 0.01 13.03± 0.03 12.37± 0.03 12.10± 0.02 11.58± 0.06 11.26± 0.06 10.93± 0.06 10.28± 0.07 8.22± 0.06

138 05 36 45.21−06 28 09.6 19.53± 0.04 17.26± 0.01 15.85± 0.01 14.48± 0.01 13.68± 0.01 12.15± 0.02 11.50± 0.03 11.23± 0.02 10.96± 0.06 10.81± 0.06 10.67± 0.06 10.81± 0.12 ...

139 05 36 45.79−06 48 16.0 ... 22.12± 0.09 20.42± 0.03 18.77± 0.01 17.85± 0.02 16.56± 0.11 15.73± 0.14 15.31± 0.13 15.29± 0.07 15.10± 0.06 ... ... ...

140 05 36 46.62−06 39 50.0 23.01± 0.68 20.48± 0.02 19.03± 0.01 17.03± 0.01 15.94± 0.01 14.25± 0.03 13.66± 0.04 13.40± 0.03 12.94± 0.06 12.76± 0.06 12.91± 0.11 ... ...

141 05 36 50.14−06 41 29.2 20.54± 0.08 17.75± 0.01 15.64± 0.01 14.54± 0.01 13.75± 0.01 12.01± 0.02 10.99± 0.03 10.49± 0.02 9.88± 0.06 9.64± 0.06 9.28± 0.06 8.84± 0.06 5.81± 0.06

142 05 36 50.23−06 48 58.2 20.41± 0.07 17.92± 0.01 16.50± 0.01 15.00± 0.01 14.16± 0.01 12.64± 0.03 12.02± 0.03 11.74± 0.02 11.49± 0.06 11.44± 0.06 11.18± 0.06 11.30± 0.11 ...

143 05 36 54.41−06 51 05.5 ... 22.24± 0.10 20.53± 0.03 18.42± 0.01 17.34± 0.01 15.61± 0.05 14.93± 0.07 14.70± 0.08 14.35± 0.06 14.32± 0.06 ... ... ...

144 05 37 49.54−06 56 27.4 20.01± 0.04 17.75± 0.01 16.08± 0.01 14.60± 0.01 13.74± 0.01 12.00± 0.02 11.10± 0.02 10.66± 0.02 10.26± 0.06 9.98± 0.06 9.83± 0.06 9.48± 0.06 6.81± 0.07

145 05 37 51.72−06 56 51.9 18.44± 0.02 16.88± 0.01 15.27± 0.01 13.93± 0.01 13.12± 0.01 11.45± 0.02 10.50± 0.02 10.05± 0.02 8.90± 0.06 8.53± 0.06 8.12± 0.06 7.66± 0.06 5.06± 0.07

146 05 37 53.28−07 02 27.2 22.22± 0.32 19.66± 0.01 18.22± 0.01 16.73± 0.01 15.91± 0.01 14.39± 0.03 13.83± 0.04 13.45± 0.05 13.35± 0.06 13.24± 0.06 13.16± 0.09 ... ...

147 05 37 54.48−06 57 31.1 17.67± 0.01 15.57± 0.01 14.08± 0.01 13.64± 0.01 13.12± 0.01 11.37± 0.02 10.51± 0.02 9.99± 0.02 9.11± 0.06 8.58± 0.06 8.34± 0.06 7.52± 0.06 4.72± 0.06

148 05 37 54.51−06 56 45.5 17.22± 0.02 15.71± 0.01 13.08± 0.01 13.88± 0.01 13.45± 0.01 10.70± 0.02 9.92± 0.02 9.70± 0.02 9.62± 0.06 9.58± 0.06 9.38± 0.06 9.46± 0.06 ...

149 05 37 55.15−06 57 40.7 22.41± 0.37 20.27± 0.02 18.62± 0.01 16.46± 0.01 15.27± 0.01 13.38± 0.03 12.73± 0.03 12.45± 0.03 12.09± 0.06 11.90± 0.06 11.81± 0.06 ... ...

150 05 37 55.22−06 57 35.8 21.36± 0.15 18.93± 0.01 17.27± 0.01 15.44± 0.01 14.47± 0.01 12.67± 0.04 11.96± 0.04 11.67± 0.05 11.34± 0.06 11.03± 0.06 10.88± 0.06 10.39± 0.07 ...

151 05 37 55.65−06 57 18.1 17.76± 0.02 15.87± 0.01 15.34± 0.01 14.02± 0.01 13.28± 0.01 11.19± 0.02 10.42± 0.02 10.19± 0.02 10.16± 0.06 9.85± 0.06 10.02± 0.06 9.82± 0.06 ...

152 05 37 55.74−06 58 37.9 22.57± 0.44 19.74± 0.02 17.70± 0.01 16.01± 0.01 15.03± 0.01 13.07± 0.03 12.08± 0.02 11.69± 0.03 11.31± 0.06 11.00± 0.06 10.59± 0.06 9.69± 0.06 6.50± 0.06

153 05 37 55.99−06 52 33.7 21.82± 0.19 19.55± 0.01 18.12± 0.01 16.14± 0.01 15.04± 0.01 13.36± 0.03 12.74± 0.02 12.48± 0.03 12.00± 0.06 12.14± 0.06 11.94± 0.06 11.90± 0.13 ...

154 05 38 00.67−07 01 14.3 ... 20.73± 0.03 19.19± 0.01 17.76± 0.01 16.97± 0.01 15.55± 0.07 14.90± 0.09 14.76± 0.12 14.40± 0.06 14.34± 0.06 14.36± 0.16 ... ...

155 05 38 04.84−07 02 21.6 ... 23.15± 0.23 20.67± 0.04 18.06± 0.01 16.44± 0.01 14.07± 0.03 12.96± 0.03 12.32± 0.03 11.34± 0.06 10.83± 0.06 10.41± 0.06 9.79± 0.06 7.53± 0.06

156 05 38 10.50−06 57 07.1 22.56± 0.41 20.05± 0.02 17.86± 0.01 16.32± 0.01 15.32± 0.01 13.17± 0.02 12.15± 0.02 11.80± 0.02 11.50± 0.06 11.16± 0.06 10.98± 0.06 10.46± 0.06 7.18± 0.07

157 05 38 13.45−07 06 43.3 23.02± 0.65 ... 21.04± 0.06 18.51± 0.01 16.70± 0.01 13.49± 0.03 11.61± 0.02 10.77± 0.02 10.05± 0.06 9.55± 0.06 9.09± 0.06 8.28± 0.06 5.11± 0.07

158 05 38 19.52−06 55 29.7 23.46± 0.95 ... 21.52± 0.11 18.91± 0.02 17.21± 0.01 14.32± 0.03 12.62± 0.03 11.91± 0.03 11.32± 0.06 11.20± 0.06 11.10± 0.06 11.13± 0.07 ...

159 05 38 21.22−07 01 20.3 ... 21.65± 0.06 19.52± 0.02 17.44± 0.01 16.07± 0.01 13.88± 0.03 12.92± 0.03 12.41± 0.03 11.62± 0.06 11.18± 0.06 10.84± 0.06 10.21± 0.06 7.15± 0.06

160 05 38 34.06−07 04 36.8 ... 22.60± 0.15 20.91± 0.05 19.19± 0.02 18.18± 0.02 16.79± 0.19 15.66± 0.16 15.58± 0.01 15.29± 0.06 15.29± 0.07 ... ... ...

161 05 38 40.22−06 56 53.3 23.12± 0.64 20.72± 0.02 18.37± 0.01 16.75± 0.01 15.63± 0.01 13.41± 0.03 12.27± 0.03 11.77± 0.03 11.23± 0.06 11.11± 0.06 10.96± 0.06 11.03± 0.08 ...

162 05 38 40.59−07 02 23.8 ... 22.73± 0.13 20.08± 0.02 17.89± 0.01 16.43± 0.01 14.12± 0.03 13.09± 0.03 12.57± 0.03 11.83± 0.06 11.27± 0.06 10.89± 0.06 10.24± 0.06 7.26± 0.06

163 05 38 41.48−07 01 52.6 ... 22.39± 0.15 19.80± 0.02 17.47± 0.01 16.00± 0.01 13.52± 0.03 12.23± 0.02 11.73± 0.02 10.89± 0.06 10.63± 0.06 10.16± 0.06 9.41± 0.06 6.34± 0.06

164 05 38 41.56−06 52 51.0 21.62± 0.44 19.82± 0.02 18.19± 0.01 16.24± 0.01 15.13± 0.01 13.29± 0.02 12.61± 0.03 12.29± 0.03 11.97± 0.06 11.65± 0.06 11.64± 0.06 11.79± 0.11 ...

165 05 38 43.22−06 58 08.9 ... 22.65± 0.21 19.69± 0.02 17.61± 0.01 15.82± 0.01 12.05± 0.03 9.98± 0.03 8.62± 0.02 7.29± 0.06 6.63± 0.06 6.28± 0.06 5.70± 0.06 2.82± 0.06

166 05 38 43.84−06 58 22.3 ... 22.84± 0.24 19.67± 0.02 17.58± 0.01 16.04± 0.01 13.53± 0.03 12.02± 0.03 11.10± 0.03 10.01± 0.06 9.29± 0.06 8.81± 0.06 7.88± 0.06 4.56± 0.06

167 05 38 44.95−06 58 14.7 ... 22.57± 0.18 19.63± 0.02 17.72± 0.01 16.22± 0.01 13.32± 0.02 11.61± 0.02 10.65± 0.02 9.69± 0.06 9.11± 0.06 8.58± 0.06 7.97± 0.06 5.33± 0.06

168 05 38 46.84−07 05 08.9 ... 22.45± 0.17 19.86± 0.02 17.86± 0.01 16.38± 0.01 13.73± 0.02 12.28± 0.02 11.34± 0.02 10.22± 0.06 9.75± 0.06 9.56± 0.06 9.06± 0.06 5.96± 0.06

169 05 38 47.17−07 02 40.4 ... ... 21.16± 0.07 18.82± 0.02 16.82± 0.01 13.12± 0.03 10.94± 0.03 9.91± 0.02 9.26± 0.06 9.17± 0.06 8.90± 0.06 8.99± 0.06 ...

170 05 38 47.74−07 06 14.9 ... ... 21.60± 0.09 19.35± 0.02 17.44± 0.02 13.89± 0.03 12.04± 0.02 10.95± 0.02 10.38± 0.06 9.90± 0.06 9.45± 0.06 8.79± 0.06 6.04± 0.06

171 05 38 47.93−07 05 06.1 ... 23.09± 0.31 20.30± 0.04 17.63± 0.01 15.96± 0.01 13.26± 0.02 12.01± 0.03 11.45± 0.02 11.03± 0.06 10.69± 0.06 10.66± 0.06 10.74± 0.07 ...

172 05 38 49.88−07 02 35.4 ... ... 22.09± 0.14 20.05± 0.04 18.55± 0.04 15.83± 0.08 14.21± 0.05 13.82± 0.06 13.20± 0.06 13.19± 0.06 13.08± 0.08 ... ...

173 05 38 50.44−07 00 43.0 ... 22.97± 0.25 20.02± 0.03 17.95± 0.01 16.30± 0.01 13.04± 0.02 11.15± 0.02 10.27± 0.02 9.76± 0.06 9.54± 0.06 9.34± 0.06 9.19± 0.06 ...

174 05 38 52.97−07 05 50.6 16.67± 0.23 17.82± 0.14 17.09± 0.11 ... 15.72± 0.19 14.16± 0.03 13.21± 0.03 12.68± 0.04 12.24± 0.06 11.90± 0.06 11.86± 0.06 11.96± 0.11 ...

175 05 38 53.33−07 05 45.2 ... ... ... ... ... 16.49± 0.14 16.02± 0.22 15.33± 0.01 13.98± 0.06 12.87± 0.06 12.14± 0.06 11.01± 0.07 7.86± 0.06

176 05 38 54.45−07 04 46.7 ... 21.61± 0.08 19.00± 0.01 17.16± 0.01 15.91± 0.01 13.75± 0.03 12.64± 0.03 12.14± 0.02 11.80± 0.06 11.61± 0.06 11.61± 0.06 11.63± 0.09 ...

177 05 38 54.93−07 07 10.9 ... 21.32± 0.07 18.90± 0.01 17.07± 0.01 15.84± 0.01 13.61± 0.03 12.53± 0.03 12.04± 0.02 11.30± 0.06 10.85± 0.06 10.47± 0.06 9.91± 0.06 7.70± 0.06

178 05 38 55.02−06 56 18.6 ... 21.66± 0.08 19.84± 0.02 18.98± 0.02 17.62± 0.02 16.08± 0.09 14.69± 0.06 13.43± 0.04 11.43± 0.06 10.43± 0.06 9.63± 0.06 8.84± 0.06 5.42± 0.06

179 05 38 57.04−06 52 59.3 18.86± 0.05 18.22± 0.01 16.89± 0.01 15.78± 0.01 15.00± 0.01 13.49± 0.02 12.75± 0.03 12.33± 0.02 11.51± 0.06 11.03± 0.06 11.03± 0.06 10.08± 0.06 7.67± 0.06

180 05 40 19.41−08 14 16.4 ... 18.53± 0.01 16.92± 0.01 16.04± 0.01 15.32± 0.01 13.09± 0.03 11.39± 0.02 10.22± 0.02 8.49± 0.06 7.90± 0.06 7.29± 0.06 6.53± 0.06 2.91± 0.06
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Table 3.6: continued.

RA DEC u′ g′ r′ i′ z′ 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)

181 05 40 21.84−08 08 55.9 ... 20.86± 0.03 18.40± 0.01 16.57± 0.01 15.36± 0.01 13.07± 0.02 11.90± 0.03 11.39± 0.02 10.75± 0.06 10.23± 0.06 9.96± 0.06 9.27± 0.06 6.82± 0.06

182 05 40 24.97−07 55 35.3 ... ... 18.59± 0.01 17.34± 0.01 16.08± 0.01 12.45± 0.02 11.37± 0.02 10.66± 0.02 9.84± 0.06 8.79± 0.06 8.68± 0.06 7.89± 0.06 5.75± 0.06

183 05 40 24.97−08 07 33.2 ... 14.60± 0.01 13.11± 0.01 12.70± 0.01 12.29± 0.01 10.57± 0.02 9.63± 0.02 8.92± 0.02 7.91± 0.06 7.56± 0.06 6.79± 0.06 5.90± 0.06 3.11± 0.06

184 05 40 24.97−07 55 35.3 ... ... 18.59± 0.01 17.34± 0.01 16.08± 0.01 12.45± 0.02 11.37± 0.02 10.66± 0.02 9.84± 0.06 8.79± 0.06 8.68± 0.06 7.89± 0.06 5.75± 0.06

185 05 40 25.75−08 11 16.8 ... ... 18.64± 0.01 16.88± 0.01 15.81± 0.01 13.31± 0.02 12.11± 0.03 11.52± 0.03 10.51± 0.06 10.08± 0.06 9.66± 0.06 8.98± 0.06 6.36± 0.06

186 05 40 27.14−08 07 36.5 ... ... 18.20± 0.01 16.39± 0.01 15.34± 0.01 12.94± 0.02 12.02± 0.02 11.33± 0.02 10.58± 0.06 9.99± 0.06 9.35± 0.06 8.80± 0.06 5.96± 0.06

187 05 40 35.44−07 56 36.5 ... ... ... 18.97± 0.01 17.35± 0.01 14.25± 0.02 12.61± 0.03 11.89± 0.03 11.47± 0.06 11.28± 0.06 10.97± 0.06 11.34± 0.07 ...

188 05 40 37.36−08 04 03.0 ... 15.55± 0.01 13.46± 0.01 12.38± 0.01 11.77± 0.01 9.74± 0.02 8.73± 0.02 7.93± 0.05 6.72± 0.06 6.22± 0.06 5.77± 0.06 4.85± 0.06 0.88± 0.06

189 05 40 41.01−08 02 18.6 ... ... 19.82± 0.01 17.73± 0.01 16.35± 0.01 13.50± 0.02 11.79± 0.02 10.85± 0.02 ... 9.47± 0.06 9.15± 0.06 8.43± 0.06 4.92± 0.06

190 05 40 42.66−07 46 03.0 ... ... ... ... 17.03± 0.01 15.30± 0.05 14.78± 0.08 14.30± 0.09 14.17± 0.06 14.02± 0.06 13.92± 0.08 ... ...

191 05 40 46.22−08 05 24.3 ... 14.70± 0.01 13.02± 0.01 12.41± 0.01 12.02± 0.01 10.16± 0.02 9.22± 0.02 8.59± 0.02 ... ... 6.57± 0.06 6.21± 0.06 3.31± 0.06

192 05 40 46.40−08 04 36.1 ... 15.26± 0.01 13.45± 0.01 12.59± 0.01 12.14± 0.01 10.36± 0.02 9.39± 0.02 9.10± 0.02 9.21± 0.06 8.87± 0.06 9.01± 0.06 8.78± 0.06 7.93± 0.06

193 05 40 46.62−08 07 12.8 ... 20.40± 0.01 18.07± 0.01 16.42± 0.01 15.13± 0.01 11.93± 0.03 10.20± 0.03 9.33± 0.02 8.81± 0.06 8.77± 0.06 8.51± 0.06 8.51± 0.06 5.33± 0.06

194 05 40 46.84−08 04 54.6 ... 19.29± 0.01 16.95± 0.01 15.90± 0.01 15.01± 0.01 12.34± 0.02 11.10± 0.02 10.45± 0.02 9.76± 0.06 8.99± 0.06 8.18± 0.06 7.15± 0.06 4.44± 0.06

195 05 40 48.07−08 05 58.7 ... 13.72± 0.01 12.52± 0.01 12.01± 0.01 11.70± 0.01 9.91± 0.02 9.14± 0.03 8.75± 0.02 8.48± 0.06 7.90± 0.06 7.55± 0.06 7.04± 0.06 3.78± 0.06

196 05 40 57.49−07 48 08.8 ... ... 19.23± 0.01 17.08± 0.01 15.59± 0.01 12.90± 0.02 11.16± 0.02 10.19± 0.02 9.07± 0.06 8.81± 0.06 8.14± 0.06 7.51± 0.06 3.95± 0.06

197 05 40 59.75−08 06 03.2 ... 21.40± 0.01 18.97± 0.01 16.73± 0.01 15.61± 0.01 13.21± 0.02 12.38± 0.03 11.98± 0.02 11.33± 0.06 10.79± 0.06 10.25± 0.06 9.14± 0.06 6.21± 0.06

198 05 40 59.92−07 48 16.1 ... ... 20.02± 0.01 17.99± 0.01 16.58± 0.01 13.97± 0.02 12.62± 0.03 11.89± 0.03 10.76± 0.06 10.32± 0.06 9.85± 0.06 9.47± 0.06 6.90± 0.06

199 05 41 03.55−07 57 46.3 ... ... 20.08± 0.01 18.02± 0.01 16.97± 0.01 15.14± 0.05 14.61± 0.06 14.12± 0.09 13.81± 0.06 13.61± 0.06 13.74± 0.08 13.69± 0.22 ...

200 05 41 04.09−07 43 38.6 ... ... 18.81± 0.01 16.72± 0.01 15.68± 0.01 13.31± 0.03 12.14± 0.03 11.59± 0.02 10.91± 0.06 10.49± 0.06 10.16± 0.06 9.54± 0.06 6.87± 0.06

201 05 41 04.36−07 46 40.6 ... 20.18± 0.01 18.79± 0.01 17.16± 0.01 16.28± 0.01 14.63± 0.04 14.12± 0.04 13.78± 0.06 13.74± 0.06 13.36± 0.06 13.51± 0.07 ... ...

202 05 41 05.03−07 45 34.2 ... ... 19.07± 0.01 ... 15.92± 0.01 13.51± 0.03 12.62± 0.03 12.19± 0.03 11.82± 0.06 11.79± 0.06 11.65± 0.06 11.65± 0.07 ...

203 05 41 05.49−07 47 07.5 ... ... 17.81± 0.01 ... 15.44± 0.01 12.65± 0.02 11.23± 0.03 10.26± 0.02 9.17± 0.06 8.70± 0.06 8.38± 0.06 7.91± 0.06 4.97± 0.06

204 05 41 07.00−07 47 15.9 ... 18.54± 0.01 17.74± 0.01 16.06± 0.01 15.27± 0.01 13.55± 0.02 13.01± 0.03 12.64± 0.03 12.36± 0.06 12.18± 0.06 12.09± 0.06 11.66± 0.07 7.03± 0.06

205 05 41 07.08−07 46 22.5 ... 20.35± 0.01 18.32± 0.01 16.50± 0.01 15.42± 0.01 13.46± 0.02 12.54± 0.03 12.08± 0.03 11.55± 0.06 11.25± 0.06 10.90± 0.06 10.20± 0.06 7.45± 0.06

206 05 41 14.03−08 07 57.4 ... 17.42± 0.01 15.52± 0.01 14.19± 0.01 13.35± 0.01 11.68± 0.02 10.69± 0.02 10.31± 0.02 10.04± 0.06 9.63± 0.06 9.16± 0.06 8.65± 0.06 5.53± 0.06

207 05 41 16.25−07 43 51.4 ... ... ... 18.71± 0.01 17.43± 0.01 15.25± 0.05 14.54± 0.07 14.07± 0.08 13.55± 0.06 13.70± 0.06 13.65± 0.08 13.43± 0.16 ...

208 05 41 20.12−07 55 24.0 ... ... ... 19.93± 0.01 18.19± 0.01 14.48± 0.03 12.68± 0.03 11.73± 0.02 10.72± 0.06 10.10± 0.06 9.75± 0.06 9.30± 0.06 5.97± 0.06

209 05 41 25.35−08 05 54.7 ... ... 13.27± 0.01 14.48± 0.01 ... 10.60± 0.03 9.82± 0.02 9.29± 0.02 7.91± 0.06 7.10± 0.06 6.33± 0.06 5.23± 0.06 1.41± 0.06

210 05 41 26.37−07 58 17.8 ... ... 19.87± 0.01 17.81± 0.01 16.77± 0.01 14.93± 0.04 14.13± 0.04 13.87± 0.05 13.64± 0.06 13.62± 0.06 13.22± 0.07 ... ...

211 05 41 30.59−08 04 48.2 ... ... 19.45± 0.01 17.66± 0.01 16.12± 0.01 12.79± 0.03 11.16± 0.02 10.10± 0.02 8.38± 0.06 7.66± 0.06 7.27± 0.06 6.40± 0.06 2.93± 0.06

212 05 41 33.38−07 59 56.3 ... ... 20.71± 0.01 18.69± 0.01 17.21± 0.01 13.73± 0.03 12.04± 0.02 11.22± 0.02 10.18± 0.06 9.76± 0.06 9.30± 0.06 8.78± 0.06 4.49± 0.06

213 05 41 41.66−08 00 18.5 ... ... 19.89± 0.01 18.98± 0.01 18.21± 0.01 16.15± 0.09 14.79± 0.06 14.11± 0.07 13.61± 0.06 13.57± 0.06 12.49± 0.06 12.15± 0.12 7.08± 0.06

214 05 41 43.74−07 58 22.3 ... 20.98± 0.01 18.73± 0.01 16.53± 0.01 14.94± 0.01 12.34± 0.03 11.44± 0.03 10.86± 0.02 10.17± 0.06 9.52± 0.06 9.27± 0.06 8.46± 0.06 5.39± 0.06

215 05 41 49.23−07 57 12.3 ... ... 19.91± 0.01 17.72± 0.01 16.34± 0.01 13.72± 0.03 12.44± 0.02 12.00± 0.02 11.69± 0.06 11.08± 0.06 11.08± 0.06 10.39± 0.06 8.58± 0.06

216 05 41 49.74−08 00 32.3 ... ... 11.31± 0.01 10.90± 0.01 11.38± 0.01 9.41± 0.03 8.54± 0.03 7.81± 0.01 6.70± 0.06 6.31± 0.06 5.71± 0.06 5.07± 0.06 2.16± 0.06

217 05 41 51.84−08 06 56.6 ... ... 18.94± 0.01 16.85± 0.01 16.41± 0.01 13.83± 0.03 13.01± 0.03 12.62± 0.03 12.34± 0.06 12.32± 0.06 12.05± 0.06 12.24± 0.09 ...

218 05 41 54.66−07 59 12.4 ... 19.83± 0.01 17.32± 0.01 15.87± 0.01 14.78± 0.01 12.36± 0.02 11.06± 0.02 10.35± 0.02 9.56± 0.06 9.06± 0.06 9.05± 0.06 8.42± 0.06 5.47± 0.06

219 05 41 55.96−07 58 36.6 ... ... ... 19.04± 0.01 17.68± 0.01 15.17± 0.04 13.94± 0.03 13.42± 0.03 13.16± 0.06 12.90± 0.06 12.76± 0.07 12.38± 0.14 ...

220 05 42 05.59−08 01 05.6 ... 18.80± 0.01 17.07± 0.01 15.77± 0.01 14.97± 0.01 13.27± 0.02 12.41± 0.03 12.04± 0.02 11.69± 0.06 11.45± 0.06 11.02± 0.06 10.77± 0.07 7.18± 0.06

221 05 42 07.25−08 05 24.4 ... ... 20.83± 0.01 18.48± 0.01 16.98± 0.01 14.39± 0.03 13.43± 0.03 12.84± 0.03 12.08± 0.06 11.63± 0.06 11.20± 0.06 10.61± 0.07 8.64± 0.06

222 05 42 10.51−08 07 35.1 ... 20.59± 0.01 18.75± 0.01 16.67± 0.01 16.29± 0.01 13.95± 0.02 13.19± 0.03 12.81± 0.03 12.55± 0.06 12.56± 0.06 12.41± 0.10 ... ...

223 05 42 11.04−08 01 05.4 ... 20.29± 0.01 18.66± 0.01 16.96± 0.01 16.01± 0.01 14.27± 0.03 13.51± 0.04 13.24± 0.03 12.76± 0.06 12.60± 0.06 11.89± 0.06 11.40± 0.08 9.55± 0.06

224 05 42 13.51−08 10 01.5 ... ... 19.38± 0.01 17.37± 0.01 16.32± 0.01 14.04± 0.02 13.03± 0.03 12.38± 0.03 11.27± 0.06 10.70± 0.06 10.31± 0.06 9.69± 0.06 6.68± 0.06

225 05 42 14.60−07 58 57.9 ... 19.70± 0.01 17.74± 0.01 16.07± 0.01 15.05± 0.01 12.76± 0.02 11.85± 0.02 11.40± 0.02 10.85± 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′ r′ i′ z′ 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 ... ... 20.68± 0.01 17.98± 0.01 16.69± 0.01 14.14± 0.02 13.08± 0.02 12.61± 0.02 12.17± 0.06 12.01± 0.06 11.88± 0.08 11.66± 0.15 ...

227 05 42 18.11−08 08 10.9 ... 16.06± 0.01 14.47± 0.01 13.69± 0.01 13.93± 0.01 12.05± 0.03 11.23± 0.02 11.03± 0.02 10.78± 0.06 10.87± 0.06 10.79± 0.06 10.90± 0.10 ...

228 05 42 18.56−07 59 23.0 ... 20.19± 0.01 18.58± 0.01 16.86± 0.01 15.90± 0.01 14.14± 0.03 13.41± 0.03 13.10± 0.04 13.02± 0.06 12.59± 0.06 12.79± 0.07 12.83± 0.20 ...

229 05 42 19.05−07 59 12.2 ... ... 19.77± 0.01 17.65± 0.01 16.46± 0.01 14.51± 0.03 13.84± 0.03 13.52± 0.05 13.13± 0.06 12.86± 0.06 12.91± 0.07 ... ...

230 05 42 19.56−08 05 07.6 ... ... 18.77± 0.01 17.01± 0.01 15.93± 0.01 13.84± 0.03 12.82± 0.02 12.36± 0.03 11.72± 0.06 11.47± 0.06 10.79± 0.07 10.45± 0.06 8.51± 0.06

231 05 42 21.36−08 06 47.9 ... ... 19.35± 0.01 17.20± 0.01 16.66± 0.01 13.84± 0.03 12.68± 0.03 12.26± 0.03 11.95± 0.06 11.68± 0.06 11.77± 0.07 11.59± 0.09 ...

232 05 42 21.56−08 08 29.8 ... ... 15.00± 0.01 14.22± 0.01 13.76± 0.01 12.05± 0.02 11.28± 0.02 10.94± 0.02 10.61± 0.06 10.66± 0.06 10.52± 0.06 9.98± 0.10 4.93± 0.06

233 05 42 23.24−07 58 28.9 ... ... 19.65± 0.01 17.71± 0.01 16.62± 0.01 14.68± 0.03 13.91± 0.03 13.57± 0.04 13.28± 0.06 13.37± 0.06 13.17± 0.07 ... ...

234 05 42 23.61−08 09 10.3 ... 19.97± 0.01 17.67± 0.01 16.20± 0.01 15.36± 0.01 13.03± 0.02 11.95± 0.02 11.39± 0.02 10.76± 0.06 10.32± 0.06 10.02± 0.06 9.55± 0.08 6.81± 0.06

235 05 42 23.94−08 09 45.9 ... 17.44± 0.01 15.30± 0.01 14.39± 0.01 13.88± 0.01 12.16± 0.02 11.31± 0.02 11.02± 0.02 10.75± 0.06 10.86± 0.06 10.65± 0.06 10.81± 0.18 ...

236 05 42 25.32−08 10 18.0 ... 17.31± 0.01 15.38± 0.01 14.48± 0.01 13.99± 0.01 12.37± 0.03 11.53± 0.03 11.25± 0.03 11.09± 0.06 10.89± 0.06 10.94± 0.06 11.03± 0.21 ...

237 05 42 25.44−08 09 55.4 ... 21.35± 0.02 17.36± 0.01 16.04± 0.01 15.24± 0.01 13.07± 0.03 11.91± 0.02 11.30± 0.02 10.67± 0.06 10.40± 0.06 10.02± 0.06 9.64± 0.09 7.31± 0.06

238 05 42 25.68−07 58 22.0 ... 19.36± 0.01 17.46± 0.01 16.05± 0.01 15.18± 0.01 13.41± 0.02 12.62± 0.02 12.29± 0.03 12.17± 0.06 12.13± 0.06 11.90± 0.06 11.99± 0.11 ...

239 05 42 25.79−08 08 50.1 ... 19.79± 0.01 17.56± 0.01 15.98± 0.01 15.02± 0.01 12.78± 0.02 11.66± 0.02 11.06± 0.02 10.31± 0.06 9.91± 0.06 9.60± 0.06 8.93± 0.07 5.85± 0.06

240 05 42 26.50−07 58 50.9 ... 18.46± 0.01 16.40± 0.01 15.31± 0.01 14.28± 0.01 11.96± 0.04 10.73± 0.04 9.96± 0.04 8.72± 0.06 8.21± 0.06 7.56± 0.06 6.77± 0.06 3.02± 0.06

241 05 42 26.96−08 09 17.3 ... 17.95± 0.01 16.33± 0.01 15.19± 0.01 14.71± 0.01 13.34± 0.02 12.76± 0.03 12.53± 0.02 12.38± 0.06 12.16± 0.06 12.05± 0.08 ... ...

242 05 42 27.50−08 11 03.8 ... ... 19.95± 0.01 17.63± 0.01 16.66± 0.01 14.68± 0.03 13.95± 0.03 13.48± 0.04 13.12± 0.06 12.81± 0.06 12.71± 0.17 ... 9.00± 0.06

243 05 42 27.59−08 09 52.6 ... 17.91± 0.01 16.17± 0.01 15.26± 0.01 14.57± 0.01 12.83± 0.02 11.87± 0.02 11.27± 0.02 10.26± 0.06 9.89± 0.06 9.40± 0.06 8.83± 0.07 5.53± 0.06

244 05 42 29.78−08 07 26.4 ... 20.02± 0.01 17.61± 0.01 16.28± 0.01 15.15± 0.01 13.22± 0.02 12.16± 0.02 11.77± 0.03 11.48± 0.06 11.20± 0.06 11.35± 0.08 ... ...

245 05 42 30.62−07 59 54.0 ... 18.70± 0.01 17.11± 0.01 15.69± 0.01 15.63± 0.01 13.57± 0.02 12.83± 0.02 12.52± 0.03 12.46± 0.06 12.42± 0.06 12.26± 0.12 12.53± 0.15 ...

246 05 42 30.87−08 10 45.7 ... 20.93± 0.02 19.15± 0.01 17.21± 0.01 15.96± 0.01 14.19± 0.03 13.35± 0.02 13.03± 0.04 12.75± 0.07 12.22± 0.06 12.09± 0.08 ... 8.77± 0.06

247 05 42 31.00−08 06 38.1 ... 19.19± 0.01 17.37± 0.01 15.91± 0.01 14.77± 0.01 12.99± 0.02 12.03± 0.02 11.49± 0.02 10.76± 0.06 10.14± 0.06 10.07± 0.06 9.69± 0.09 6.87± 0.06

248 05 42 31.33−08 02 35.3 ... 19.80± 0.01 18.17± 0.01 16.25± 0.01 15.97± 0.01 13.70± 0.02 13.00± 0.03 12.68± 0.03 12.55± 0.06 12.20± 0.06 12.25± 0.12 12.45± 0.15 ...

249 05 42 31.55−08 08 22.8 ... ... 19.21± 0.01 17.09± 0.01 15.61± 0.01 13.11± 0.03 12.04± 0.03 11.48± 0.03 10.83± 0.06 10.29± 0.06 9.87± 0.06 8.81± 0.07 5.10± 0.06

250 05 42 32.66−08 10 07.9 ... 21.32± 0.02 19.23± 0.01 17.22± 0.01 15.91± 0.01 13.93± 0.02 13.00± 0.02 12.61± 0.02 12.77± 0.06 12.20± 0.06 12.19± 0.09 ... ...

251 05 42 32.77−08 07 04.8 ... 20.72± 0.01 18.62± 0.01 16.34± 0.01 15.82± 0.01 13.24± 0.02 12.38± 0.02 11.97± 0.02 11.52± 0.06 11.68± 0.06 11.46± 0.08 ... ...

252 05 42 34.02−08 09 59.7 ... 18.75± 0.01 16.44± 0.01 15.21± 0.01 14.14± 0.01 12.03± 0.02 10.97± 0.03 10.58± 0.02 10.52± 0.06 10.23± 0.06 10.18± 0.07 9.97± 0.10 5.68± 0.06

253 05 42 34.31−08 02 12.1 ... 20.53± 0.01 18.90± 0.01 16.97± 0.01 16.55± 0.01 14.17± 0.03 13.53± 0.03 13.14± 0.04 12.42± 0.06 12.44± 0.06 11.68± 0.09 11.19± 0.07 8.57± 0.06

254 05 42 34.92−08 07 50.5 ... ... 19.61± 0.01 17.48± 0.01 16.07± 0.01 13.92± 0.02 12.98± 0.02 12.58± 0.02 12.10± 0.06 12.04± 0.06 11.90± 0.10 ... ...

255 05 42 36.41−08 10 17.8 ... ... ... 18.71± 0.01 17.11± 0.01 14.73± 0.04 13.86± 0.03 13.38± 0.04 13.32± 0.06 12.53± 0.06 ... ... ...

256 05 42 36.51−08 11 51.5 ... 18.14± 0.01 16.26± 0.01 15.33± 0.01 14.50± 0.01 12.89± 0.02 12.00± 0.02 11.72± 0.03 11.58± 0.06 11.32± 0.06 11.39± 0.07 ... ...

257 05 42 40.06−08 05 07.7 ... 20.32± 0.01 18.33± 0.01 16.51± 0.01 15.59± 0.01 13.87± 0.05 13.12± 0.05 12.85± 0.04 12.61± 0.06 12.45± 0.07 12.08± 0.11 ... 9.32± 0.06

258 05 42 42.10−08 15 15.3 ... 19.74± 0.01 17.89± 0.01 16.64± 0.01 15.52± 0.01 13.49± 0.03 12.31± 0.02 11.54± 0.02 10.98± 0.06 10.28± 0.06 10.24± 0.06 9.36± 0.08 5.93± 0.06

259 05 42 44.12−08 06 26.4 ... 17.72± 0.01 16.04± 0.01 15.21± 0.01 14.14± 0.01 12.71± 0.02 11.81± 0.02 11.17± 0.02 9.95± 0.06 9.45± 0.06 9.00± 0.06 8.54± 0.06 5.11± 0.06

260 05 42 47.18−08 05 57.0 ... 19.48± 0.01 17.43± 0.01 16.12± 0.01 15.23± 0.01 13.72± 0.03 12.87± 0.03 12.42± 0.03 12.09± 0.06 11.85± 0.06 11.73± 0.09 11.31± 0.27 8.40± 0.06

261 05 42 47.44−08 04 05.4 ... 19.97± 0.01 17.93± 0.01 16.36± 0.01 15.49± 0.01 13.72± 0.02 12.91± 0.02 12.55± 0.03 12.28± 0.06 11.55± 0.06 11.66± 0.09 10.37± 0.13 7.23± 0.06

262 05 42 48.24−08 05 57.1 ... 20.32± 0.01 18.30± 0.01 16.58± 0.01 15.73± 0.01 14.02± 0.02 13.34± 0.03 13.01± 0.04 12.68± 0.06 12.64± 0.06 12.43± 0.14 ... ...

263 05 42 51.65−08 07 41.2 ... 19.72± 0.01 18.17± 0.01 17.32± 0.01 16.27± 0.01 14.26± 0.02 13.41± 0.02 12.87± 0.03 ... 11.43± 0.06 11.39± 0.08 10.67± 0.17 7.14± 0.06

264 05 42 52.30−08 08 54.9 ... ... 19.18± 0.01 17.36± 0.01 16.17± 0.01 14.33± 0.02 13.57± 0.02 13.17± 0.03 12.55± 0.06 12.30± 0.06 11.90± 0.10 11.29± 0.26 8.48± 0.06

265 05 42 59.13−08 09 23.6 ... 18.03± 0.01 16.48± 0.01 15.57± 0.01 14.71± 0.01 13.02± 0.02 12.05± 0.02 11.51± 0.02 10.87± 0.06 10.43± 0.06 9.95± 0.06 9.14± 0.07 6.12± 0.06

266 05 43 01.78−08 04 50.6 ... 16.15± 0.01 14.53± 0.01 14.05± 0.01 13.34± 0.01 11.97± 0.02 10.96± 0.03 10.43± 0.02 9.75± 0.06 9.60± 0.06 9.42± 0.06 9.08± 0.07 5.25± 0.06

267 05 43 08.49−08 11 32.3 ... 19.68± 0.01 17.90± 0.01 16.39± 0.01 15.40± 0.01 14.64± 0.03 13.41± 0.02 12.63± 0.02 11.46± 0.06 11.27± 0.06 10.85± 0.06 10.41± 0.06 6.56± 0.06
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Table 3.7: Mass and age estimate for YSOs in L1630N with different PMS evolutionary tracks.

RA DEC mass age mass age mass age mass age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

1 05 45 21.38 -00 00 45.9 0.24+0.10
−0.05 0.92+0.65

−0.47 0.30+0.10
−0.06 0.84+1.11

−0.39 0.28+0.09
−0.03 1.92+0.75

−0.53 0.41+0.15
−0.06 1.76+2.08

−0.41

2 05 45 22.68 -00 14 27.5 0.13+0.03
−0.02 0.82+0.55

−0.45 0.13+0.06
−0.01 0.38+0.70

−0.12 0.13+0.04
−0.02 0.61+2.06

−0.16 ... ...

3 05 45 26.16+00 06 37.9 0.23+0.08
−0.05 0.68+0.22

−0.42 0.29+0.09
−0.06 0.51+0.51

−0.22 0.32+0.07
−0.05 1.54+0.41

−0.51 0.45+0.14
−0.03 1.33+1.23

−0.19

4 05 45 38.26 -00 08 11.0 0.43+0.14
−0.08 0.90+1.56

−0.31 0.55+0.21
−0.11 1.36+3.15

−0.61 0.57+0.22
−0.10 2.14+3.60

−0.68 0.96+0.12
−0.17 4.41+4.86

−1.82

5 05 45 41.68 -00 04 02.4 0.18+0.03
−0.02 0.72+0.18

−0.36 0.24+0.03
−0.03 0.56+0.20

−0.15 0.25+0.02
−0.02 2.04+0.06

−0.13 0.31+0.05
−0.02 1.15+0.37

−0.08

6 05 45 41.94 -00 12 05.3 0.61+0.27
−0.13 0.93+2.30

−0.33 0.92+0.23
−0.23 2.00+4.04

−0.93 1.07+0.15
−0.26 3.52+5.77

−1.42 1.35+0.03
−0.16 6.09+8.46

−2.48

7 05 45 42.80 -00 01 01.8 0.15+0.02
−0.02 1.74+0.35

−0.34 0.15+0.04
−0.03 1.07+0.89

−0.40 0.15+0.04
−0.02 3.77+0.45

−2.02 0.15+0.06
−0.02 1.53+4.80

−0.19

8 05 45 44.37+00 22 58.2 0.34+0.08
−0.07 0.60+0.38

−0.23 0.43+0.12
−0.08 0.68+0.82

−0.28 0.46+0.11
−0.08 1.40+0.94

−0.25 0.78+0.16
−0.13 2.33+2.08

−0.76

9 05 45 44.56 -00 10 35.6 0.18+0.02
−0.02 2.71+0.59

−0.32 0.20+0.03
−0.02 2.68+1.10

−0.68 0.18+0.02
−0.02 4.74+0.60

−0.26 0.20+0.03
−0.03 3.18+1.00

−0.67

10 05 45 44.64+00 13 00.6 0.43+0.06
−0.05 1.16+0.38

−0.23 0.53+0.08
−0.07 1.72+0.74

−0.45 0.51+0.08
−0.05 2.44+0.97

−0.44 0.85+0.08
−0.11 4.94+1.65

−1.39

11 05 45 45.58+00 04 35.6 0.15+0.01
−0.01 0.26+0.15

−0.04 0.19+0.02
−0.01 0.37+0.09

−0.07 0.22+0.01
−0.01 2.08+0.06

−0.43 ... ...

12 05 45 46.91+00 14 29.4 0.18+0.02
−0.02 2.13+0.44

−0.21 0.19+0.03
−0.03 2.00+0.88

−0.56 0.18+0.02
−0.02 4.13+0.50

−0.39 0.20+0.03
−0.03 2.50+0.99

−0.52

13 05 45 49.56 -00 08 38.8 0.17+0.04
−0.03 4.22+3.32

−0.97 0.16+0.06
−0.03 3.38+4.85

−1.24 0.13+0.04
−0.02 5.87+2.66

−0.80 0.15+0.06
−0.03 3.52+3.85

−1.02

14 05 45 53.11 -00 13 24.9 0.40+0.07
−0.07 1.56+0.87

−0.41 0.46+0.09
−0.07 2.10+1.44

−0.68 0.43+0.07
−0.05 2.74+1.25

−0.52 0.66+0.11
−0.11 4.72+2.53

−1.53

15 05 45 53.54+00 33 08.8 0.30+0.08
−0.07 0.68+0.36

−0.33 0.36+0.10
−0.07 0.65+0.70

−0.28 0.39+0.09
−0.06 1.49+0.70

−0.34 0.59+0.17
−0.09 1.85+1.83

−0.50

16 05 45 53.60+00 22 42.1 0.72+0.08
−0.17 5.58+5.43

−2.24 0.88+0.02
−0.18 10.53+7.60

−4.92 0.81+0.05
−0.20 11.54+8.82

−5.32 0.94+0.00
−0.10 17.38+10.01

−6.92

17 05 45 54.09 -00 03 16.7 0.16+0.03
−0.02 3.22+1.62

−0.56 0.14+0.04
−0.02 2.18+2.21

−0.70 0.12+0.03
−0.01 5.01+1.50

−0.47 0.13+0.04
−0.03 2.61+2.06

−0.58

18 05 45 55.13+00 11 39.4 0.16+0.04
−0.03 4.84+4.63

−1.41 0.13+0.06
−0.02 3.12+6.05

−1.07 0.11+0.04
−0.01 5.76+3.72

−0.73 0.12+0.06
−0.03 3.38+4.17

−0.92

19 05 45 56.20+00 33 10.3 0.14+0.03
−0.02 0.17+0.37

−0.06 0.16+0.05
−0.03 0.21+0.28

−0.12 0.18+0.04
−0.03 0.61+1.36

−0.31 ... ...

20 05 45 56.31+00 07 08.6 0.41+0.10
−0.07 0.60+0.37

−0.15 0.55+0.16
−0.10 0.86+0.92

−0.32 0.61+0.18
−0.10 1.61+1.35

−0.39 1.05+0.10
−0.15 3.33+2.03

−1.16

21 05 45 56.73 -00 00 25.4 0.24+0.03
−0.02 1.10+0.16

−0.10 0.31+0.03
−0.03 1.17+0.31

−0.23 0.32+0.02
−0.04 2.28+0.20

−0.11 0.40+0.05
−0.04 2.15+0.63

−0.39

22 05 45 57.38+00 20 22.2 0.46+0.15
−0.10 0.55+5.17

−0.19 0.65+0.17
−0.16 0.89+10.44

−0.39 0.75+0.18
−0.18 1.80+6.14

−0.60 1.18+0.10
−0.20 3.17+8.37

−1.00

23 05 45 57.62+00 07 21.1 0.14+0.02
−0.01 1.96+0.26

−0.18 0.13+0.03
−0.02 1.00+0.61

−0.28 0.13+0.02
−0.01 4.10+0.26

−1.27 0.13+0.05
−0.01 1.59+4.55

−0.21

24 05 45 57.93+00 02 48.6 0.17+0.02
−0.01 1.54+0.25

−0.07 0.20+0.02
−0.02 1.32+0.51

−0.28 0.18+0.03
−0.01 3.23+0.34

−1.07 0.21+0.03
−0.03 1.80+0.58

−0.29

25 05 46 00.18+00 03 07.0 0.15+0.01
−0.01 0.08+0.02

−0.01 0.19+0.02
−0.02 0.12+0.04

−0.03 0.24+0.02
−0.01 0.26+0.31

−0.04 ... ...

26 05 46 03.53+00 02 54.7 0.14+0.01
−0.01 1.02+0.17

−0.72 0.16+0.02
−0.02 0.54+0.20

−0.29 0.16+0.03
−0.02 1.82+0.69

−1.26 ... ...

27 05 46 04.64+00 04 58.1 0.45+0.06
−0.07 0.54+0.22

−0.11 0.64+0.11
−0.11 0.85+0.55

−0.29 0.73+0.12
−0.12 1.78+0.75

−0.46 1.16+0.09
−0.10 3.07+1.33

−0.82

28 05 46 04.58+00 00 38.2 0.34+0.13
−0.08 1.46+3.89

−0.58 0.40+0.13
−0.09 1.89+6.61

−0.93 0.38+0.09
−0.07 2.67+4.04

−0.77 0.54+0.16
−0.12 3.74+6.93

−1.56

29 05 46 07.89 -00 11 56.9 1.33+0.47
−0.23 0.13+0.09

−0.06 1.61+0.40
−0.27 0.10+0.10

−0.04 2.62+0.33
−0.46 0.46+0.29

−0.12 ... ...

30 05 46 09.27+00 13 32.6 0.28+0.07
−0.05 0.12+0.25

−0.05 0.38+0.10
−0.07 0.23+0.25

−0.09 0.46+0.11
−0.08 0.85+0.38

−0.27 0.85+0.17
−0.08 1.01+0.88

−0.01

31 05 46 09.61 -00 03 31.2 0.41+0.20
−0.15 2.41+11.81

−1.49 0.48+0.20
−0.17 3.38+21.68

−2.29 0.42+0.22
−0.11 3.73+11.67

−1.88 0.62+0.23
−0.20 6.39+14.89

−3.55

32 05 46 10.31 -00 00 06.7 0.35+0.14
−0.09 3.84+8.80

−1.77 0.45+0.12
−0.11 6.00+15.20

−3.03 0.36+0.09
−0.06 5.59+7.22

−1.92 0.50+0.13
−0.12 8.32+11.60

−3.89

33 05 46 11.34 -00 07 55.1 ... ... ...+0.00
−0.00 ... ... ... ... ...

34 05 46 11.86+00 32 25.9 1.41+0.32
−0.37 0.63+0.53

−0.25 1.64+0.26
−0.29 0.81+0.61

−0.29 2.11+0.07
−0.21 2.12+1.17

−0.70 ... ...

35 05 46 12.27 -00 08 07.8 0.11+0.05
−0.04 2.36+4.34

−1.53 ...+0.00
−0.00 ... ... ... ... ...

36 05 46 12.99 -00 08 14.8 ... ... 0.16+0.08
−0.04 56.18+26.86

−30.77 ... ... 0.14+0.05
−0.06 39.41+6.20

−26.51

37 05 46 13.58 -00 10 34.0 0.13+0.02
−0.04 34.36+8.76

−16.89 0.11+0.05
−0.01 25.56+34.01

−3.97 0.10+0.02
−0.00 28.20+10.62

−2.49 0.10+0.03
−0.03 19.70+13.99

−8.45

38 05 46 14.48+00 20 24.4 0.20+0.08
−0.04 1.93+2.15

−0.58 0.25+0.10
−0.06 2.24+3.62

−1.09 0.23+0.06
−0.06 3.90+1.99

−1.28 0.26+0.12
−0.06 2.83+5.38

−0.95

39 05 46 16.75+00 07 13.5 0.13+0.02
−0.01 0.04+0.12

−0.02 0.17+0.03
−0.01 0.04+0.10

−0.02 0.22+0.03
−0.03 0.15+0.50

−0.05 ... ...

40 05 46 17.71 -00 00 14.3 0.80+0.45
−0.23 0.43+0.80

−0.19 1.22+0.29
−0.32 0.83+0.94

−0.40 1.67+0.13
−0.42 2.03+1.81

−0.90 ... ...

41 05 46 18.30+00 06 57.8 0.53+0.30
−0.11 0.44+1.19

−0.15 0.81+0.35
−0.19 0.79+1.97

−0.35 1.02+0.31
−0.24 1.68+3.34

−0.57 ... ...

42 05 46 18.60+00 07 08.0 0.20+0.11
−0.05 0.98+3.75

−0.64 0.26+0.12
−0.07 0.83+5.23

−0.46 0.28+0.09
−0.07 2.25+3.14

−1.12 0.32+0.18
−0.07 1.51+6.41

−0.28

43 05 46 18.89 -00 05 38.1 0.39+0.08
−0.08 0.12+0.22

−0.06 0.57+0.13
−0.13 0.22+0.26

−0.10 0.79+0.14
−0.20 0.82+0.40

−0.23 1.27+0.08
−0.08 1.01+0.75

−0.00

44 05 46 19.06+00 03 29.6 ... ... 0.80+0.91
−0.16 0.01+0.16

−0.00 ... ... ... ...

45 05 46 19.47 -00 05 20.0 1.27+0.35
−0.36 0.39+0.31

−0.16 1.50+0.32
−0.26 0.48+0.39

−0.17 2.17+0.10
−0.30 1.40+0.81

−0.44 ... ...
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Table 3.7: continued.

RA DEC mass age mass age mass age mass age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

46 05 46 20.88+00 08 09.4 0.41+0.12
−0.08 0.46+1.52

−0.20 0.58+0.17
−0.13 0.63+4.18

−0.28 0.68+0.19
−0.14 1.49+2.79

−0.48 1.13+0.12
−0.16 2.53+3.72

−0.86

47 05 46 22.43 -00 08 52.6 1.40+0.21
−0.42 1.50+1.53

−0.72 1.61+0.08
−0.28 2.12+1.51

−0.83 1.74+0.04
−0.15 4.42+2.64

−1.53 ... ...

48 05 46 22.99+00 04 26.4 0.31+0.10
−0.07 0.85+0.91

−0.31 0.37+0.12
−0.08 0.93+1.38

−0.39 0.38+0.09
−0.07 1.79+1.18

−0.36 0.57+0.17
−0.10 2.33+3.01

−0.72

49 05 46 23.83+00 04 27.2 0.24+0.15
−0.07 0.83+5.75

−0.55 0.30+0.16
−0.08 0.72+9.48

−0.42 0.28+0.13
−0.06 1.76+4.94

−0.85 0.43+0.23
−0.11 1.62+7.13

−0.36

50 05 46 25.09+00 05 41.2 0.45+0.38
−0.18 0.62+9.62

−0.40 0.62+0.38
−0.26 0.99+15.43

−0.67 0.69+0.37
−0.28 2.00+12.43

−1.13 1.10+0.16
−0.29 3.45+15.73

−1.54

51 05 46 25.89+00 09 32.0 0.21+0.06
−0.04 1.18+0.49

−0.36 0.27+0.07
−0.05 1.20+0.95

−0.46 0.28+0.05
−0.04 2.60+0.56

−0.36 0.32+0.09
−0.05 1.94+1.63

−0.48

52 05 46 26.65+00 31 07.5 0.45+0.13
−0.11 0.44+2.14

−0.20 0.65+0.20
−0.17 0.65+3.75

−0.31 0.77+0.23
−0.20 1.43+3.63

−0.48 1.23+0.09
−0.17 2.49+4.11

−0.81

53 05 46 27.13+00 15 49.7 0.18+0.02
−0.02 1.75+0.34

−0.19 0.20+0.04
−0.03 1.65+0.80

−0.50 0.18+0.04
−0.02 3.55+0.43

−0.68 0.21+0.04
−0.03 2.14+2.11

−0.46

54 05 46 27.83+00 05 48.4 0.25+0.07
−0.06 0.50+0.19

−0.33 0.31+0.09
−0.06 0.37+0.39

−0.16 0.35+0.07
−0.06 1.28+0.31

−0.46 0.55+0.15
−0.05 1.20+1.16

−0.12

55 05 46 28.36+00 12 27.0 0.22+0.15
−0.06 0.72+5.38

−0.50 0.28+0.16
−0.07 0.55+8.81

−0.31 0.27+0.13
−0.06 1.63+5.19

−0.90 0.40+0.22
−0.11 1.29+7.67

−0.16

56 05 46 28.87+00 13 30.7 0.34+0.24
−0.10 0.47+6.34

−0.33 0.45+0.31
−0.14 0.50+11.86

−0.31 0.51+0.33
−0.14 1.13+7.51

−0.54 0.91+0.25
−0.25 1.87+9.79

−0.54

57 05 46 29.00+00 29 07.2 0.28+0.08
−0.05 0.38+0.24

−0.24 0.37+0.10
−0.07 0.33+0.42

−0.14 0.42+0.09
−0.06 1.04+0.51

−0.28 0.72+0.17
−0.09 1.28+1.26

−0.16

58 05 46 29.06+00 11 45.7 0.19+0.07
−0.05 14.12+12.77

−6.31 0.17+0.11
−0.04 12.20+26.38

−5.45 0.14+0.07
−0.02 12.15+12.81

−3.09 0.14+0.08
−0.04 9.04+14.31

−4.22

59 05 46 29.59+00 10 57.2 0.14+0.02
−0.01 0.13+0.28

−0.04 0.16+0.03
−0.03 0.17+0.20

−0.08 0.20+0.03
−0.03 0.94+0.96

−0.59 ... ...

60 05 46 30.03+00 11 11.1 0.13+0.10
−0.05 2.78+8.97

−1.69 ...+0.00
−0.00 ... ... ... 0.09+0.14

−0.02 1.74+10.64
−0.34

61 05 46 30.06+00 12 09.7 0.28+0.10
−0.05 0.37+3.46

−0.25 0.36+0.12
−0.07 0.33+5.39

−0.16 0.42+0.10
−0.07 1.04+3.25

−0.34 0.72+0.18
−0.14 1.27+3.78

−0.16

62 05 46 31.03+00 27 12.1 0.07+0.06
−0.03 4.01+8.79

−2.84 ...+0.00
−0.00 ... ... ... ... ...

63 05 46 31.46+00 20 15.8 0.25+0.06
−0.04 13.05+8.76

−4.20 0.27+0.09
−0.06 16.36+17.48

−6.85 0.20+0.04
−0.04 13.45+6.97

−3.83 0.25+0.08
−0.06 14.32+11.72

−6.27

64 05 46 31.71+00 25 08.2 0.22+0.06
−0.04 1.25+1.76

−0.40 0.28+0.07
−0.05 1.34+2.63

−0.53 0.29+0.05
−0.04 2.65+2.30

−0.45 0.33+0.09
−0.06 2.14+2.87

−0.57

65 05 46 33.28+00 02 51.9 0.70+0.35
−0.18 0.60+1.12

−0.24 1.12+0.24
−0.32 1.36+1.49

−0.68 1.44+0.10
−0.40 2.94+2.28

−1.38 ... ...

66 05 46 34.54+00 06 43.5 0.70+0.31
−0.18 0.23+0.22

−0.12 1.12+0.21
−0.27 0.40+0.28

−0.17 1.61+0.22
−0.43 1.09+0.63

−0.41 ... ...

67 05 46 34.90+00 04 20.7 0.17+0.03
−0.02 0.14+0.31

−0.05 0.22+0.04
−0.03 0.24+0.26

−0.09 0.26+0.03
−0.03 1.29+0.38

−0.80 ... ...

68 05 46 35.50+00 01 38.9 0.13+0.05
−0.02 0.15+0.65

−0.07 0.14+0.08
−0.02 0.15+0.67

−0.08 0.16+0.07
−0.03 0.35+1.64

−0.14 ... ...

69 05 46 36.10+00 06 26.8 ... ... 0.44+0.72
−0.10 0.02+3.20

−0.01 0.63+0.91
−0.17 0.05+2.38

−0.00 ... ...

70 05 46 37.06+00 01 21.8 0.50+0.15
−0.08 0.32+0.23

−0.10 0.77+0.22
−0.13 0.51+0.57

−0.18 0.99+0.29
−0.16 1.20+1.14

−0.28 ... ...

71 05 46 37.57+00 04 02.5 0.15+0.01
−0.01 0.20+0.13

−0.04 0.19+0.02
−0.02 0.30+0.10

−0.08 0.22+0.02
−0.02 1.90+0.09

−0.60 ... ...

72 05 46 38.33+00 05 48.7 0.12+0.04
−0.01 0.02+0.12

−0.01 0.15+0.05
−0.01 0.02+0.13

−0.01 0.19+0.06
−0.03 0.12+0.53

−0.04 ... ...

73 05 46 38.40+00 15 11.6 0.14+0.02
−0.01 0.34+0.60

−0.11 0.16+0.03
−0.03 0.39+0.33

−0.16 0.17+0.03
−0.03 1.60+0.85

−1.08 ... ...

74 05 46 38.57+00 22 06.0 0.39+0.05
−0.05 1.11+0.62

−0.26 0.47+0.07
−0.06 1.52+0.95

−0.47 0.46+0.05
−0.04 2.23+0.88

−0.43 0.73+0.09
−0.09 4.01+1.88

−1.11

75 05 46 39.89+00 06 44.9 0.24+0.25
−0.07 0.11+5.11

−0.06 0.31+0.34
−0.09 0.19+10.54

−0.12 0.38+0.36
−0.11 0.91+6.00

−0.61 ... ...

76 05 46 40.18+00 05 01.9 0.35+0.09
−0.07 0.63+0.47

−0.25 0.43+0.11
−0.09 0.74+0.85

−0.32 0.46+0.11
−0.07 1.46+1.03

−0.30 0.78+0.16
−0.13 2.45+2.36

−0.82

77 05 46 40.44 -00 08 38.2 0.35+0.17
−0.15 25.82+12.49

−18.56 0.43+0.15
−0.19 42.16+32.27

−31.12 0.28+0.15
−0.10 23.58+12.81

−14.89 0.39+0.19
−0.19 34.94+7.62

−24.72

78 05 46 40.43+00 05 07.7 0.23+0.03
−0.02 0.14+0.16

−0.04 0.29+0.03
−0.03 0.22+0.09

−0.06 0.35+0.03
−0.03 1.05+0.07

−0.21 ... ...

79 05 46 40.77+00 27 22.5 0.23+0.07
−0.04 1.12+0.84

−0.38 0.30+0.07
−0.05 1.17+1.57

−0.47 0.30+0.05
−0.04 2.33+1.02

−0.39 0.37+0.10
−0.06 2.05+2.11

−0.54

80 05 46 43.82+00 03 21.8 0.17+0.09
−0.05 5.42+9.20

−2.23 0.16+0.15
−0.03 4.29+21.87

−1.74 0.13+0.10
−0.02 6.57+9.47

−1.06 0.14+0.12
−0.03 4.09+12.26

−1.43

81 05 46 43.84+00 15 32.4 0.36+0.06
−0.05 0.87+0.39

−0.18 0.43+0.08
−0.06 1.08+0.79

−0.35 0.43+0.06
−0.05 1.85+0.68

−0.30 0.68+0.11
−0.10 2.94+1.76

−0.85

82 05 46 44.08+00 18 03.2 0.53+0.38
−0.12 0.33+1.08

−0.15 0.82+0.40
−0.21 0.56+1.62

−0.27 1.08+0.36
−0.29 1.31+2.98

−0.47 ... ...

83 05 46 44.25+00 30 29.5 0.14+0.02
−0.01 0.27+0.38

−0.07 0.15+0.02
−0.02 0.31+0.20

−0.12 0.17+0.03
−0.02 0.58+1.34

−0.19 ... ...

84 05 46 44.84+00 16 59.8 0.37+0.11
−0.08 0.83+2.71

−0.31 0.46+0.14
−0.09 1.08+3.81

−0.51 0.46+0.11
−0.08 1.81+3.08

−0.49 0.76+0.15
−0.15 3.16+4.78

−1.22

85 05 46 45.00+00 11 32.7 0.17+0.01
−0.01 1.64+0.21

−0.50 0.19+0.02
−0.02 1.38+0.43

−0.50 0.17+0.03
−0.01 3.47+0.23

−0.79 0.20+0.03
−0.02 1.86+0.47

−0.42

86 05 46 45.00+00 24 48.7 0.15+0.02
−0.02 4.36+1.27

−0.63 0.12+0.03
−0.01 2.52+1.95

−0.50 0.11+0.02
−0.00 5.30+1.61

−0.21 0.11+0.02
−0.02 2.98+1.20

−0.57

87 05 46 45.04+00 05 33.9 0.29+0.04
−0.03 0.10+0.15

−0.03 0.40+0.06
−0.05 0.21+0.11

−0.06 0.49+0.07
−0.05 0.78+0.12

−0.09 ... ...

88 05 46 45.14+00 03 46.4 0.30+0.07
−0.06 1.08+0.41

−0.22 0.36+0.08
−0.06 1.25+0.77

−0.41 0.36+0.05
−0.06 2.19+0.57

−0.26 0.49+0.12
−0.07 2.61+1.68

−0.77

89 05 46 46.87+00 09 07.6 0.34+0.12
−0.06 0.37+0.29

−0.23 0.47+0.18
−0.09 0.37+0.68

−0.16 0.56+0.20
−0.09 0.96+0.95

−0.22 1.03+0.16
−0.13 1.65+1.75

−0.39

90 05 46 48.55+00 21 28.2 ... ... ...+0.00
−0.00 ... ... ... ... ...
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Table 3.7: continued.

RA DEC mass age mass age mass age mass age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

91 05 46 48.73+00 21 38.3 0.17+0.06
−0.03 0.64+1.11

−0.41 0.21+0.09
−0.05 0.54+1.90

−0.26 0.24+0.06
−0.05 2.20+1.73

−0.98 ... ...

92 05 46 49.09+00 28 38.3 0.16+0.04
−0.02 1.74+1.32

−0.78 0.17+0.06
−0.03 1.22+2.07

−0.60 0.16+0.05
−0.03 3.80+1.38

−1.99 0.16+0.08
−0.03 1.68+5.39

−0.29

93 05 46 51.19+00 18 08.2 0.15+0.02
−0.01 1.80+0.25

−0.17 0.15+0.03
−0.02 1.16+0.58

−0.38 0.15+0.02
−0.02 3.89+0.25

−1.63 0.15+0.05
−0.02 1.62+4.30

−0.21

94 05 46 51.40+00 19 47.2 ... ... ...+0.00
−0.00 ... ... ... ... ...

95 05 46 51.48+00 19 21.3 0.21+0.02
−0.02 1.31+0.14

−0.20 0.27+0.03
−0.02 1.40+0.34

−0.37 0.27+0.02
−0.02 2.87+0.14

−0.36 0.31+0.04
−0.03 2.11+0.49

−0.44

96 05 46 51.85+00 19 38.6 0.19+0.04
−0.02 0.80+0.34

−0.48 0.24+0.04
−0.03 0.60+0.63

−0.24 0.26+0.03
−0.03 2.08+0.46

−0.55 0.31+0.07
−0.04 1.21+0.82

−0.10

97 05 46 52.41+00 20 01.7 0.46+0.14
−0.09 0.95+3.21

−0.34 0.61+0.20
−0.13 1.54+6.64

−0.72 0.63+0.20
−0.13 2.47+5.35

−0.92 1.02+0.10
−0.17 4.95+6.60

−1.99

98 05 46 56.54+00 20 52.9 0.93+0.35
−0.19 0.84+1.00

−0.30 1.34+0.17
−0.20 1.65+1.10

−0.53 1.63+0.05
−0.14 3.56+1.82

−1.04 ... ...

99 05 46 58.03+00 14 27.8 0.24+0.09
−0.05 0.84+0.71

−0.48 0.30+0.10
−0.06 0.71+1.50

−0.34 0.28+0.09
−0.03 1.78+0.80

−0.59 0.42+0.16
−0.07 1.60+2.55

−0.34

100 05 46 58.13+00 05 38.1 0.28+0.10
−0.02 0.01+0.09

−0.00 0.42+0.15
−0.07 0.06+0.11

−0.03 0.56+0.24
−0.08 0.45+0.22

−0.28 ... ...

101 05 47 01.95+00 16 56.7 0.13+0.05
−0.03 3.09+2.31

−1.02 0.10+0.07
−... 1.28+4.19

−0.15 ... ... 0.09+0.07
−0.01 2.08+2.92

−0.45

102 05 47 02.87+00 16 51.9 0.18+0.07
−0.03 1.73+2.52

−0.59 0.21+0.10
−0.05 1.65+4.69

−0.79 0.18+0.08
−0.04 3.50+2.47

−1.57 0.22+0.11
−0.05 2.16+5.83

−0.53

103 05 47 03.97+00 11 14.4 0.32+0.09
−0.08 0.88+0.66

−0.34 0.37+0.12
−0.08 0.97+1.25

−0.43 0.38+0.09
−0.07 1.83+1.19

−0.38 0.56+0.18
−0.09 2.40+2.70

−0.79

104 05 47 04.48+00 15 47.2 0.38+0.44
−0.10 0.08+4.02

−0.05 0.57+0.52
−0.20 0.19+4.81

−0.12 0.80+0.52
−0.29 0.74+4.44

−0.38 ... ...

105 05 47 04.94+00 18 31.6 0.27+0.14
−0.06 0.10+0.50

−0.06 0.36+0.23
−0.09 0.18+1.12

−0.11 0.44+0.26
−0.10 0.83+1.52

−0.51 ... ...

106 05 47 04.98+00 18 12.6 0.16+0.03
−0.02 1.71+0.64

−0.34 0.17+0.05
−0.04 1.25+1.31

−0.50 0.16+0.04
−0.03 3.74+0.68

−1.77 0.17+0.07
−0.02 1.71+4.96

−0.24

107 05 47 05.06+00 18 34.8 0.29+0.08
−0.05 0.52+2.50

−0.31 0.36+0.09
−0.06 0.43+3.04

−0.18 0.41+0.08
−0.05 1.18+1.82

−0.27 0.67+0.14
−0.12 1.49+3.80

−0.29

108 05 47 05.12+00 18 26.7 0.22+0.07
−0.04 1.01+1.67

−0.45 0.28+0.08
−0.05 0.94+2.99

−0.39 0.27+0.07
−0.03 2.14+2.06

−0.42 0.36+0.11
−0.07 1.77+3.27

−0.41

109 05 47 05.34+00 28 46.1 0.26+0.07
−0.04 2.10+1.32

−0.55 0.34+0.08
−0.06 2.94+2.28

−1.07 0.31+0.04
−0.04 3.89+1.43

−0.74 0.37+0.09
−0.06 4.07+2.90

−1.38

110 05 47 06.00+00 32 08.5 2.33+0.12
−0.35 0.96+0.67

−0.34 2.42+0.08
−0.28 1.06+0.58

−0.36 2.33+0.17
−0.14 2.71+0.93

−0.79 ... ...

111 05 47 05.98+00 25 53.1 0.20+0.07
−0.04 3.95+6.98

−1.51 0.21+0.11
−0.05 4.15+13.27

−2.10 0.18+0.06
−0.04 5.86+6.02

−1.66 0.20+0.11
−0.05 4.33+8.88

−1.68

112 05 47 06.17+00 20 32.5 0.27+0.06
−0.04 0.09+0.72

−0.03 0.37+0.08
−0.06 0.17+0.79

−0.07 0.45+0.08
−0.06 0.78+0.70

−0.26 ... ...

113 05 47 06.96+00 00 47.7 0.63+0.23
−0.12 0.48+0.57

−0.14 1.00+0.24
−0.21 1.00+0.99

−0.42 1.32+0.17
−0.29 2.24+1.75

−0.84 ... ...

114 05 47 06.99+00 31 55.9 0.38+0.12
−0.08 0.91+3.57

−0.38 0.46+0.14
−0.10 1.23+6.78

−0.62 0.46+0.12
−0.07 1.96+3.68

−0.58 0.76+0.15
−0.16 3.48+6.61

−1.46

115 05 47 07.26+00 19 32.2 ... ... 0.42+0.15
−0.05 0.01+0.04

−0.01 ... ... ... ...

116 05 47 08.69+00 00 14.0 0.20+0.06
−0.03 0.06+2.65

−0.03 0.25+0.08
−0.04 0.09+1.74

−0.05 0.32+0.07
−0.05 0.47+2.20

−0.34 ... ...

117 05 47 08.62+00 19 23.9 0.23+0.04
−0.03 0.88+0.25

−0.21 0.30+0.04
−0.03 0.77+0.47

−0.18 0.28+0.05
−0.01 1.85+0.39

−0.12 0.41+0.05
−0.05 1.66+0.74

−0.30

118 05 47 08.71+00 16 34.7 0.17+0.06
−0.03 1.56+1.04

−0.58 0.20+0.09
−0.05 1.36+2.30

−0.66 0.18+0.08
−0.03 3.26+1.12

−1.70 0.21+0.11
−0.04 1.84+5.42

−0.41

119 05 47 10.72+00 18 46.3 0.32+0.07
−0.05 0.52+0.82

−0.24 0.40+0.09
−0.06 0.50+1.18

−0.19 0.45+0.07
−0.06 1.21+1.08

−0.19 0.76+0.13
−0.11 1.80+2.64

−0.46

120 05 47 10.89+00 32 06.0 0.32+0.08
−0.07 0.66+0.50

−0.28 0.40+0.11
−0.08 0.70+0.85

−0.31 0.42+0.10
−0.07 1.47+0.81

−0.30 0.67+0.17
−0.11 2.16+2.14

−0.69

121 05 47 10.98+00 19 14.8 2.22+0.15
−0.03 2.68+0.13

−0.44 2.43+0.08
−0.09 2.33+0.38

−0.32 2.12+0.12
−0.04 4.43+0.27

−0.76 ... ...

122 05 47 10.98+00 21 32.2 0.42+0.12
−0.09 1.96+4.61

−0.67 0.50+0.12
−0.10 2.78+8.28

−1.17 0.45+0.10
−0.07 3.29+4.20

−0.88 0.69+0.11
−0.13 5.89+7.20

−2.22

123 05 47 12.92+00 22 06.5 0.28+0.15
−0.04 0.02+2.75

−0.01 0.42+0.20
−0.08 0.08+5.52

−0.04 0.56+0.25
−0.09 0.49+3.46

−0.29 ... ...

124 05 47 13.85+00 00 17.1 0.25+0.06
−0.03 0.04+0.07

−0.02 0.36+0.09
−0.06 0.08+0.10

−0.04 0.46+0.11
−0.07 0.56+0.17

−0.35 ... ...

125 05 47 16.58 -00 00 56.4 0.18+0.07
−0.03 0.85+0.47

−0.55 0.24+0.08
−0.05 0.63+0.80

−0.31 0.25+0.06
−0.05 2.17+0.56

−0.87 0.30+0.12
−0.04 1.23+3.50

−0.12

126 05 47 17.16+00 18 24.6 0.47+0.13
−0.12 3.10+6.47

−1.48 0.54+0.14
−0.12 4.31+9.24

−2.20 0.46+0.13
−0.08 4.50+7.26

−1.61 0.70+0.12
−0.15 8.21+10.18

−3.62

127 05 47 17.28+00 38 21.4 0.43+0.14
−0.09 0.39+5.66

−0.18 0.61+0.17
−0.14 0.53+10.55

−0.23 0.74+0.18
−0.17 1.30+6.38

−0.40 1.21+0.09
−0.20 2.08+8.23

−0.55

128 05 47 19.72+00 01 21.8 0.17+0.05
−0.03 2.60+2.06

−0.63 0.17+0.08
−0.04 2.16+3.79

−0.95 0.15+0.06
−0.03 4.69+1.88

−0.88 0.17+0.09
−0.04 2.64+4.58

−0.70

129 05 47 19.90+00 16 13.1 0.16+0.02
−0.02 0.28+0.58

−0.09 0.19+0.03
−0.03 0.40+0.40

−0.14 0.22+0.03
−0.03 2.11+0.44

−0.88 ... ...

130 05 47 22.99+00 17 56.7 0.19+0.03
−0.02 1.91+0.66

−0.34 0.23+0.05
−0.04 2.06+1.23

−0.71 0.22+0.04
−0.04 3.81+0.83

−0.64 0.24+0.06
−0.04 2.64+1.89

−0.75

131 05 47 25.05+00 31 05.0 0.76+0.05
−0.17 8.48+4.22

−3.61 0.86+0.02
−0.15 15.09+6.21

−7.29 0.80+0.04
−0.20 15.62+7.89

−7.38 0.89+0.03
−0.09 22.23+8.58

−8.94

132 05 47 57.53+00 11 31.2 0.17+0.06
−0.03 0.17+0.39

−0.08 0.23+0.07
−0.04 0.28+0.30

−0.14 0.27+0.06
−0.04 1.43+0.19

−0.90 ... ...
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Table 3.8: Mass and age estimate for YSOs in L1641 with different PMS evolutionary tracks. A
complete version of this table, containing 267 stars, is available at the CDS. Here we only show
the first 10 entries.

RA DEC Mass Age Mass Age Mass Age Mass Age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

1 05 35 14.56−06 15 12.7 0.34+0.05
−0.04 0.63+0.26

−0.15 0.42+0.06
−0.05 0.70+0.52

−0.22 0.45+0.05
−0.04 1.44+0.47

−0.22 0.74+0.10
−0.08 2.29+1.18

−0.63

2 05 35 14.67−06 15 07.3 0.16+0.02
−0.02 1.11+0.28

−0.51 0.19+0.04
−0.03 0.69+0.53

−0.24 0.20+0.03
−0.03 2.55+0.46

−0.94 ... ...

3 05 35 14.72−06 13 39.9 0.13+0.01
−0.01 0.12+0.09

−0.03 0.15+0.03
−0.02 0.14+0.12

−0.06 0.19+0.03
−0.02 0.37+1.03

−0.11 ... ...

4 05 35 15.83−06 24 45.7 0.16+0.02
−0.01 1.42+0.19

−0.21 0.18+0.03
−0.02 0.99+0.47

−0.27 0.17+0.03
−0.01 3.17+0.28

−1.00 0.19+0.04
−0.02 1.45+2.29

−0.19

5 05 35 17.80−06 24 38.4 0.29+0.02
−0.02 0.19+0.15

−0.06 0.39+0.03
−0.03 0.28+0.07

−0.06 0.46+0.03
−0.03 0.93+0.06

−0.04 0.82+0.06
−0.04 1.17+0.27

−0.10

6 05 35 18.26−06 24 30.3 0.14+0.04
−0.02 1.32+0.42

−0.70 0.13+0.06
−0.02 0.51+1.06

−0.16 0.14+0.05
−0.02 0.74+2.46

−0.18 ... ...

7 05 35 18.95−06 27 25.6 0.19+0.07
−0.04 1.15+0.53

−0.51 0.24+0.09
−0.06 1.02+1.17

−0.47 0.25+0.06
−0.05 2.68+0.69

−0.83 0.28+0.11
−0.04 1.64+3.22

−0.33

8 05 35 19.34−06 24 14.5 0.27+0.04
−0.03 1.16+0.27

−0.12 0.34+0.04
−0.03 1.34+0.48

−0.26 0.34+0.02
−0.03 2.35+0.33

−0.18 0.44+0.06
−0.04 2.57+0.92

−0.48

9 05 35 21.77−06 18 51.2 0.17+0.01
−0.01 1.57+0.08

−0.06 0.19+0.01
−0.01 1.30+0.23

−0.20 0.17+0.02
−0.01 3.36+0.09

−0.06 0.20+0.02
−0.02 1.78+0.25

−0.21

10 05 35 23.60−06 28 24.4 0.16+0.04
−0.02 0.07+0.10

−0.03 0.21+0.05
−0.03 0.11+0.09

−0.05 0.26+0.05
−0.04 0.24+0.68

−0.09 ... ...

11 05 35 24.45 -06 27 47.2 0.20+0.03
−0.03 5.67+2.61

−1.20 0.21+0.06
−0.04 5.91+4.99

−2.07 0.17+0.03
−0.03 7.23+2.61

−1.16 0.18+0.06
−0.03 5.29+4.82

−1.44

12 05 35 24.49 -06 28 40.5 0.16+0.05
−0.02 1.18+0.51

−0.63 0.18+0.07
−0.04 0.70+1.09

−0.32 0.19+0.06
−0.04 2.64+0.78

−1.69 ... ...

13 05 35 25.11 -06 47 56.6 0.34+0.12
−0.06 0.35+0.48

−0.22 0.47+0.18
−0.09 0.35+1.48

−0.16 0.56+0.21
−0.09 0.92+1.52

−0.24 1.03+0.16
−0.15 1.56+2.47

−0.33

14 05 35 25.70 -06 23 18.9 0.22+0.05
−0.03 0.90+0.31

−0.41 0.28+0.06
−0.04 0.75+0.64

−0.26 0.26+0.06
−0.01 1.91+0.43

−0.28 0.37+0.08
−0.05 1.54+0.99

−0.27

15 05 35 26.59 -06 15 32.8 0.21+0.03
−0.02 1.24+0.47

−0.32 0.27+0.04
−0.03 1.27+0.85

−0.43 0.27+0.03
−0.03 2.75+0.69

−0.43 0.31+0.05
−0.04 1.97+1.03

−0.46

16 05 35 26.80 -06 15 34.4 0.19+0.03
−0.02 1.17+0.33

−0.26 0.25+0.03
−0.03 1.09+0.61

−0.32 0.26+0.03
−0.03 2.70+0.54

−0.30 0.29+0.04
−0.04 1.74+0.79

−0.36

17 05 35 26.83 -06 26 47.6 0.45+0.13
−0.09 0.96+0.79

−0.30 0.59+0.20
−0.13 1.54+1.78

−0.68 0.61+0.21
−0.12 2.40+2.42

−0.79 1.01+0.10
−0.18 4.97+3.28

−2.02

18 05 35 26.96 -06 27 13.0 0.19+0.02
−0.02 4.72+1.22

−0.74 0.18+0.04
−0.03 4.43+2.17

−1.22 0.16+0.02
−0.02 6.38+1.19

−0.67 0.17+0.03
−0.02 4.42+1.85

−0.95

19 05 35 27.17 -06 19 42.0 0.26+0.03
−0.02 0.08+0.06

−0.02 0.35+0.04
−0.04 0.16+0.06

−0.04 0.43+0.04
−0.04 0.79+0.05

−0.11 ... ...

20 05 35 27.35 -06 19 31.3 ... ... ...+0.00
−0.00 ... ... ... ... ...

21 05 35 28.28 -06 22 29.3 0.13+0.08
−0.06 7.01+13.30

−4.01 ...+0.00
−0.00 ... ... ... 0.09+0.09

−0.02 3.85+12.61
−1.02

22 05 35 29.21 -06 16 29.7 0.14+0.01
−0.01 0.06+0.02

−0.02 0.19+0.02
−0.02 0.08+0.04

−0.03 0.23+0.02
−0.02 0.19+0.20

−0.04 ... ...

23 05 35 29.46 -06 16 26.6 0.24+0.03
−0.03 0.53+0.11

−0.29 0.30+0.03
−0.03 0.39+0.14

−0.11 0.34+0.03
−0.03 1.34+0.09

−0.13 0.51+0.06
−0.03 1.20+0.37

−0.11

24 05 35 30.41 -06 27 07.2 0.14+0.04
−0.03 11.66+9.84

−4.12 0.11+0.06
−0.00 6.73+14.43

−0.48 ... ... 0.09+0.05
−0.02 5.75+9.06

−1.42

25 05 35 31.05 -06 45 18.1 0.21+0.06
−0.04 0.13+0.25

−0.06 0.27+0.08
−0.05 0.21+0.20

−0.11 0.32+0.07
−0.05 1.14+0.10

−0.63 ... ...

26 05 35 31.49 -06 14 18.9 0.24+0.04
−0.03 1.40+0.33

−0.16 0.31+0.04
−0.03 1.67+0.61

−0.37 0.30+0.03
−0.02 2.82+0.37

−0.16 0.36+0.06
−0.04 2.59+0.98

−0.55

27 05 35 31.89 -06 36 25.5 0.14+0.04
−0.02 2.07+0.96

−0.57 0.11+0.06
−0.01 0.82+2.05

−0.10 0.11+0.05
−0.01 3.87+1.20

−0.20 ... ...

28 05 35 33.93 -06 14 32.8 0.15+0.01
−0.01 0.29+0.19

−0.05 0.19+0.01
−0.01 0.40+0.08

−0.07 0.21+0.01
−0.01 2.13+0.08

−0.25 ... ...

29 05 35 34.17 -06 22 57.8 0.25+0.04
−0.03 1.27+0.30

−0.15 0.31+0.04
−0.03 1.48+0.55

−0.34 0.31+0.02
−0.03 2.58+0.37

−0.20 0.38+0.06
−0.04 2.48+0.97

−0.51

30 05 35 34.19 -06 39 43.3 0.21+0.09
−0.04 0.89+0.45

−0.48 0.27+0.09
−0.06 0.72+0.82

−0.31 0.26+0.08
−0.03 1.99+0.56

−0.51 0.35+0.12
−0.03 1.46+2.58

−0.22

31 05 35 34.34 -06 24 22.8 0.16+0.03
−0.03 6.31+3.16

−1.39 0.13+0.04
−0.02 3.93+4.41

−0.89 0.11+0.03
−0.00 6.37+3.13

−0.28 0.11+0.04
−0.02 3.97+2.91

−0.94

32 05 35 38.59 -06 23 43.1 0.21+0.03
−0.02 1.57+0.37

−0.20 0.26+0.04
−0.03 1.77+0.74

−0.46 0.25+0.02
−0.03 3.40+0.47

−0.35 0.28+0.04
−0.04 2.44+0.91

−0.54

33 05 35 40.83 -06 18 06.7 0.25+0.04
−0.03 1.44+0.42

−0.19 0.33+0.04
−0.03 1.79+0.71

−0.41 0.32+0.03
−0.02 2.86+0.53

−0.26 0.39+0.06
−0.04 2.88+1.13

−0.63

34 05 35 41.02 -06 22 45.4 0.29+0.05
−0.03 0.06+0.08

−0.02 0.42+0.07
−0.05 0.13+0.08

−0.04 0.53+0.10
−0.06 0.63+0.14

−0.11 ... ...

35 05 35 41.65 -06 25 19.2 0.12+0.08
−0.05 5.89+13.29

−3.64 ...+0.00
−0.00 ... ... ... 0.08+0.09

−0.01 3.38+12.03
−0.89

36 05 35 42.09 -06 16 20.8 0.14+0.04
−0.03 6.47+3.62

−1.64 0.10+0.05
−0.00 3.28+4.83

−0.22 ... ... 0.09+0.04
−0.02 3.65+3.19

−0.75

37 05 35 42.84 -06 21 44.6 0.28+0.04
−0.03 1.17+0.30

−0.12 0.35+0.04
−0.03 1.36+0.54

−0.27 0.34+0.02
−0.03 2.35+0.40

−0.21 0.45+0.05
−0.04 2.63+0.93

−0.48

38 05 35 42.76 -06 34 51.9 0.41+0.13
−0.07 0.93+1.09

−0.20 0.51+0.18
−0.10 1.35+2.05

−0.50 0.51+0.18
−0.08 2.06+2.48

−0.40 0.86+0.13
−0.17 4.07+4.17

−1.47

39 05 35 43.37 -06 22 19.6 0.27+0.06
−0.04 0.18+1.47

−0.08 0.34+0.07
−0.05 0.26+2.69

−0.10 0.40+0.06
−0.04 0.98+0.93

−0.22 0.71+0.13
−0.10 1.05+1.43

−0.03

40 05 35 44.18 -06 28 16.4 0.36+0.14
−0.11 10.89+15.39

−5.39 0.47+0.09
−0.16 18.64+27.19

−10.22 0.33+0.10
−0.08 12.27+13.13

−4.75 0.48+0.10
−0.16 20.04+14.99

−10.62

41 05 35 44.27 -06 26 39.5 0.13+0.04
−0.02 4.28+2.31

−1.01 ...+0.00
−0.00 ... ... ... 0.09+0.04

−0.01 2.63+2.49
−0.59

42 05 35 47.65 -06 21 36.1 0.18+0.07
−0.03 0.43+0.49

−0.25 0.23+0.07
−0.05 0.48+0.49

−0.22 0.25+0.06
−0.04 1.95+0.24

−0.71 ... ...



88 CHAPTER 3

Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

43 05 35 48.28 -06 17 59.4 0.33+0.11
−0.08 1.31+0.91

−0.43 0.40+0.12
−0.09 1.65+1.50

−0.72 0.38+0.09
−0.07 2.46+1.34

−0.51 0.54+0.17
−0.11 3.40+3.27

−1.34

44 05 35 48.39 -06 17 36.2 0.19+0.07
−0.03 1.02+0.49

−0.53 0.24+0.09
−0.05 0.81+0.94

−0.37 0.26+0.06
−0.05 2.41+0.47

−0.74 0.29+0.12
−0.03 1.41+2.90

−0.20

45 05 35 50.19 -06 50 40.2 0.74+0.07
−0.20 6.38+10.20

−3.10 0.88+0.03
−0.21 11.83+14.86

−6.24 0.81+0.06
−0.21 12.78+12.15

−6.46 0.92+0.04
−0.13 18.99+12.18

−8.30

46 05 35 57.30 -06 40 28.1 0.21+0.01
−0.01 0.83+0.05

−0.10 0.27+0.01
−0.01 0.66+0.10

−0.08 0.26+0.01
−0.00 1.81+0.08

−0.05 0.38+0.02
−0.02 1.42+0.17

−0.14

47 05 35 57.31 -06 15 37.7 0.30+0.07
−0.05 1.16+0.38

−0.23 0.36+0.07
−0.05 1.39+0.65

−0.43 0.36+0.04
−0.05 2.31+0.48

−0.30 0.49+0.11
−0.07 2.83+1.53

−0.85

48 05 35 57.45 -06 42 41.9 0.71+0.47
−0.21 0.33+0.83

−0.17 1.13+0.33
−0.35 0.65+1.00

−0.35 1.58+0.21
−0.49 1.62+1.92

−0.75 ... ...

49 05 35 57.45 -06 16 35.0 0.20+0.02
−0.02 0.06+0.03

−0.02 0.25+0.03
−0.02 0.10+0.05

−0.03 0.31+0.03
−0.02 0.57+0.26

−0.36 ... ...

50 05 35 57.85 -06 23 44.4 0.16+0.02
−0.02 1.20+0.16

−0.40 0.19+0.04
−0.03 0.79+0.48

−0.27 0.20+0.03
−0.03 2.67+0.30

−0.96 0.19+0.06
−0.02 1.17+2.78

−0.09

51 05 35 58.10 -06 14 50.9 0.13+0.03
−0.02 0.42+0.76

−0.15 0.13+0.06
−0.02 0.32+0.61

−0.10 0.14+0.05
−0.02 0.55+1.85

−0.15 ... ...

52 05 35 58.25 -06 36 43.1 0.35+0.11
−0.06 0.43+0.25

−0.21 0.48+0.18
−0.09 0.46+0.70

−0.19 0.56+0.21
−0.09 1.07+1.09

−0.22 1.02+0.15
−0.14 1.93+1.78

−0.55

53 05 35 58.26 -06 14 04.6 0.59+0.08
−0.20 17.99+15.69

−10.52 0.64+0.05
−0.16 25.05+31.16

−13.54 0.49+0.12
−0.13 17.11+15.27

−8.44 0.67+0.06
−0.18 31.07+10.12

−16.59

54 05 35 59.75 -06 16 06.4 0.65+0.29
−0.15 0.74+4.61

−0.26 1.00+0.22
−0.25 1.64+10.29

−0.77 1.24+0.11
−0.32 3.24+8.21

−1.41 ... ...

55 05 35 59.84 -06 42 30.5 0.19+0.03
−0.02 1.43+0.34

−0.11 0.22+0.04
−0.03 1.36+0.73

−0.35 0.23+0.03
−0.03 3.13+0.49

−0.39 0.24+0.04
−0.03 1.92+0.87

−0.37

56 05 36 00.18 -06 42 33.9 0.51+0.28
−0.08 0.20+0.28

−0.11 0.82+0.32
−0.14 0.27+0.43

−0.10 1.13+0.39
−0.19 0.79+0.87

−0.18 ... ...

57 05 36 01.09 -06 25 07.7 0.18+0.02
−0.02 0.82+0.22

−0.40 0.24+0.03
−0.02 0.61+0.31

−0.16 0.25+0.02
−0.02 2.14+0.31

−0.18 0.30+0.04
−0.03 1.20+0.43

−0.09

58 05 36 01.10 -06 15 31.4 0.36+0.06
−0.06 0.82+0.29

−0.16 0.43+0.08
−0.07 1.02+0.56

−0.34 0.44+0.07
−0.05 1.78+0.65

−0.27 0.70+0.13
−0.11 2.86+1.60

−0.88

59 05 36 01.66 -06 42 36.2 0.15+0.02
−0.02 1.33+0.18

−0.51 0.16+0.04
−0.03 0.74+0.57

−0.30 0.16+0.04
−0.02 3.21+0.35

−1.68 ... ...

60 05 36 05.00 -06 42 44.0 0.14+0.02
−0.01 0.10+0.04

−0.02 0.17+0.03
−0.02 0.14+0.08

−0.05 0.21+0.02
−0.02 0.35+0.74

−0.10 ... ...

61 05 36 04.98 -06 46 41.4 0.32+0.08
−0.06 0.34+0.12

−0.21 0.43+0.13
−0.08 0.33+0.32

−0.14 0.51+0.15
−0.08 0.93+0.49

−0.16 0.93+0.18
−0.06 1.38+1.01

−0.25

62 05 36 05.08 -06 29 32.2 0.43+0.13
−0.09 0.91+0.70

−0.36 0.55+0.20
−0.11 1.37+1.75

−0.65 0.57+0.21
−0.10 2.16+2.55

−0.77 0.96+0.14
−0.16 4.44+3.29

−1.95

63 05 36 05.16 -06 25 25.4 0.32+0.07
−0.07 0.62+0.22

−0.26 0.39+0.11
−0.08 0.63+0.50

−0.27 0.42+0.10
−0.07 1.39+0.59

−0.24 0.68+0.18
−0.09 2.01+1.58

−0.61

64 05 36 06.59 -06 31 43.0 0.22+0.08
−0.05 1.56+1.16

−0.43 0.28+0.11
−0.07 1.84+2.32

−0.82 0.27+0.07
−0.06 3.26+1.48

−0.75 0.31+0.13
−0.06 2.61+3.57

−0.83

65 05 36 06.65 -06 32 17.2 0.55+0.26
−0.09 0.38+0.63

−0.11 0.86+0.30
−0.15 0.70+1.08

−0.27 1.12+0.30
−0.20 1.56+1.78

−0.50 ... ...

66 05 36 06.66 -06 14 25.9 0.53+0.11
−0.09 0.64+0.43

−0.16 0.78+0.18
−0.13 1.22+1.06

−0.43 0.92+0.20
−0.17 2.24+1.78

−0.65 1.33+0.04
−0.13 4.09+2.80

−1.30

67 05 36 06.93 -06 18 53.4 0.14+0.04
−0.01 0.01+0.04

−0.01 0.19+0.05
−0.01 0.03+0.06

−0.01 0.24+0.05
−0.03 0.10+0.31

−0.03 ... ...

68 05 36 08.29 -06 48 36.3 0.37+0.03
−0.03 0.58+0.12

−0.06 0.49+0.04
−0.04 0.75+0.23

−0.15 0.53+0.04
−0.03 1.43+0.29

−0.17 0.93+0.06
−0.06 2.68+0.74

−0.50

69 05 36 08.34 -06 24 37.9 0.13+0.02
−0.01 0.15+0.11

−0.04 0.15+0.03
−0.02 0.18+0.13

−0.09 0.18+0.03
−0.02 0.42+1.17

−0.14 ... ...

70 05 36 08.57 -06 40 33.6 0.13+0.03
−0.02 3.02+1.16

−0.55 ...+0.00
−0.00 ... ... ... 0.09+0.04

−0.01 1.99+1.39
−0.46

71 05 36 09.35 -06 17 10.8 0.24+0.03
−0.02 0.52+0.09

−0.25 0.30+0.03
−0.02 0.40+0.09

−0.08 0.34+0.02
−0.02 1.36+0.04

−0.04 0.50+0.04
−0.02 1.19+0.24

−0.11

72 05 36 09.49 -06 18 36.3 0.26+0.06
−0.05 0.19+0.25

−0.09 0.33+0.09
−0.06 0.27+0.21

−0.11 0.39+0.09
−0.06 1.03+0.21

−0.32 0.66+0.16
−0.01 1.05+0.76

−0.03

73 05 36 09.52 -06 24 33.7 0.20+0.07
−0.04 6.21+6.79

−1.97 0.20+0.11
−0.05 6.17+13.10

−2.83 0.16+0.06
−0.03 7.57+5.47

−1.62 0.17+0.11
−0.04 5.29+10.28

−1.93

74 05 36 10.19 -06 18 54.8 0.73+0.04
−0.19 17.03+15.78

−9.48 0.75+0.05
−0.16 23.25+27.23

−12.47 0.70+0.06
−0.21 23.43+13.11

−13.19 0.78+0.06
−0.15 32.93+9.22

−16.05

75 05 36 10.44 -06 20 01.5 1.00+0.15
−0.15 3.16+2.84

−1.12 1.25+0.03
−0.07 6.50+3.47

−1.85 1.24+0.05
−0.07 10.72+4.52

−2.99 1.21+0.08
−0.09 15.70+6.18

−3.84

76 05 36 11.12 -06 18 14.1 0.14+0.04
−0.02 3.72+1.77

−0.72 0.11+0.05
−0.01 1.89+2.67

−0.34 0.10+0.04
−0.00 4.80+2.24

−0.19 0.10+0.05
−0.02 2.52+2.31

−0.55

77 05 36 11.31 -06 16 56.0 0.15+0.04
−0.02 1.99+1.03

−0.46 0.13+0.06
−0.02 1.03+2.32

−0.30 0.13+0.05
−0.01 4.16+1.17

−0.83 0.13+0.06
−0.02 1.63+3.64

−0.22

78 05 36 11.46 -06 22 22.1 0.41+0.10
−0.09 0.36+0.84

−0.18 0.60+0.16
−0.14 0.44+1.54

−0.19 0.73+0.19
−0.17 1.18+2.33

−0.34 1.21+0.10
−0.13 1.79+2.69

−0.44

79 05 36 11.67 -06 24 58.4 0.17+0.04
−0.03 4.49+3.06

−1.17 0.16+0.07
−0.03 3.55+5.18

−1.33 0.13+0.05
−0.02 6.03+2.88

−0.87 0.14+0.07
−0.03 3.62+4.93

−1.09

80 05 36 12.61 -06 23 39.6 0.14+0.01
−0.01 0.23+0.14

−0.04 0.17+0.02
−0.01 0.31+0.10

−0.07 0.20+0.02
−0.02 2.03+0.13

−1.01 ... ...

81 05 36 12.97 -06 23 33.0 0.22+0.03
−0.02 0.08+0.04

−0.03 0.28+0.04
−0.03 0.14+0.06

−0.05 0.35+0.04
−0.03 0.83+0.06

−0.41 ... ...

82 05 36 12.97 -06 23 33.0 0.27+0.08
−0.04 0.06+0.40

−0.03 0.38+0.11
−0.06 0.12+0.46

−0.08 0.48+0.15
−0.07 0.64+0.57

−0.38 ... ...

83 05 36 13.15 -06 25 41.1 0.25+0.04
−0.03 1.25+0.33

−0.17 0.32+0.04
−0.03 1.44+0.58

−0.36 0.31+0.02
−0.03 2.54+0.45

−0.25 0.39+0.05
−0.04 2.45+0.92

−0.52

84 05 36 13.45 -06 43 55.1 ... ... ...+0.00
−0.00 ... ... ... ... ...

85 05 36 14.76 -06 13 16.9 0.42+0.07
−0.06 1.45+0.56

−0.37 0.51+0.09
−0.08 2.09+1.02

−0.70 0.47+0.08
−0.06 2.74+1.14

−0.59 0.76+0.10
−0.13 5.21+2.18

−1.77

86 05 36 15.07 -06 17 36.9 0.88+0.27
−0.13 0.70+0.57

−0.19 1.30+0.15
−0.14 1.42+0.67

−0.35 1.63+0.05
−0.11 3.16+1.09

−0.75 ... ...

87 05 36 15.60 -06 27 20.0 0.21+0.03
−0.02 1.87+0.80

−0.37 0.26+0.05
−0.04 2.25+1.47

−0.70 0.25+0.03
−0.03 3.84+0.88

−0.60 0.28+0.05
−0.04 2.90+1.65

−0.78
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Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

88 05 36 15.84 -06 14 50.7 0.30+0.07
−0.05 1.67+1.26

−0.43 0.38+0.08
−0.06 2.24+2.14

−0.84 0.35+0.04
−0.04 3.09+1.37

−0.62 0.47+0.10
−0.08 3.88+2.73

−1.28

89 05 36 17.11 -06 28 20.2 0.16+0.07
−0.06 11.74+14.87

−5.92 0.14+0.12
−0.02 8.57+31.43

−3.57 0.11+0.07
−0.01 9.73+14.56

−2.18 0.11+0.09
−0.03 6.40+15.90

−2.45

90 05 36 17.23 -06 17 24.5 0.15+0.01
−0.01 0.12+0.06

−0.03 0.19+0.02
−0.02 0.18+0.09

−0.06 0.23+0.02
−0.02 0.47+0.99

−0.16 ... ...

91 05 36 18.48 -06 20 38.7 0.43+0.14
−0.08 0.95+1.16

−0.31 0.56+0.21
−0.11 1.45+2.76

−0.61 0.57+0.21
−0.10 2.24+3.20

−0.67 0.95+0.11
−0.17 4.61+4.45

−1.82

92 05 36 18.88 -06 22 04.2 0.25+0.02
−0.02 2.33+0.44

−0.29 0.32+0.03
−0.03 3.27+0.86

−0.60 0.29+0.02
−0.02 4.32+0.46

−0.32 0.34+0.04
−0.03 4.22+1.18

−0.77

93 05 36 19.09 -06 22 50.6 0.14+0.05
−0.03 5.07+4.00

−1.55 0.11+0.07
−0.00 2.50+6.87

−0.54 ... ... 0.10+0.07
−0.01 3.06+5.15

−0.74

94 05 36 19.38 -06 25 51.3 0.16+0.02
−0.02 0.88+0.19

−0.48 0.19+0.03
−0.03 0.58+0.28

−0.20 0.21+0.03
−0.03 2.39+0.16

−0.88 ... ...

95 05 36 21.10 -06 17 17.3 0.16+0.01
−0.01 0.28+0.21

−0.05 0.20+0.01
−0.01 0.40+0.09

−0.07 0.22+0.01
−0.01 2.08+0.09

−0.17 ... ...

96 05 36 21.16 -06 26 56.9 0.19+0.02
−0.01 4.84+1.04

−0.71 0.19+0.03
−0.02 4.58+1.85

−1.09 0.16+0.02
−0.02 6.48+1.02

−0.64 0.17+0.03
−0.02 4.52+1.50

−0.87

97 05 36 21.57 -06 22 52.4 0.38+0.11
−0.07 0.65+0.58

−0.19 0.50+0.18
−0.10 0.89+1.48

−0.36 0.53+0.18
−0.09 1.59+1.73

−0.37 0.91+0.15
−0.16 2.98+2.92

−1.07

98 05 36 21.84 -06 26 02.0 0.35+0.05
−0.03 0.37+0.07

−0.16 0.49+0.08
−0.05 0.37+0.20

−0.10 0.58+0.09
−0.05 0.95+0.33

−0.11 1.07+0.07
−0.09 1.70+0.59

−0.38

99 05 36 21.88 -06 23 29.9 0.24+0.07
−0.02 0.02+1.04

−0.01 0.35+0.10
−0.06 0.06+3.24

−0.03 0.46+0.11
−0.06 0.44+0.63

−0.31 ... ...

100 05 36 21.96 -06 41 42.0 0.15+0.04
−0.02 0.27+0.58

−0.10 0.18+0.06
−0.04 0.36+0.46

−0.18 0.21+0.05
−0.04 2.13+0.23

−1.42 ... ...

101 05 36 22.47 -06 23 44.8 0.43+0.16
−0.09 1.14+5.05

−0.40 0.54+0.18
−0.11 1.70+7.39

−0.76 0.53+0.19
−0.09 2.46+6.72

−0.75 0.88+0.12
−0.17 4.94+7.81

−2.04

102 05 36 23.26 -06 19 37.5 0.22+0.09
−0.04 1.59+1.55

−0.44 0.28+0.11
−0.07 1.90+2.64

−0.84 0.27+0.06
−0.06 3.32+1.49

−0.80 0.31+0.13
−0.06 2.66+4.25

−0.87

103 05 36 24.48 -06 22 23.2 0.18+0.03
−0.02 0.19+0.36

−0.07 0.23+0.03
−0.03 0.30+0.22

−0.11 0.27+0.03
−0.02 1.52+0.35

−0.77 ... ...

104 05 36 24.54 -06 52 34.2 0.16+0.01
−0.01 1.37+0.11

−0.11 0.19+0.02
−0.02 0.99+0.31

−0.21 0.17+0.03
−0.01 3.02+0.18

−0.50 0.19+0.03
−0.02 1.44+1.40

−0.19

105 05 36 25.13 -06 44 41.9 0.56+0.45
−0.13 0.22+0.49

−0.13 0.92+0.40
−0.25 0.34+0.70

−0.17 1.28+0.40
−0.35 0.92+1.48

−0.32 ... ...

106 05 36 25.28 -06 23 07.2 0.11+0.03
−0.04 2.92+1.79

−1.65 ...+0.00
−0.00 ... ... ... ... ...

107 05 36 25.41 -06 24 31.2 0.14+0.04
−0.02 1.80+0.59

−0.61 0.12+0.06
−0.01 0.71+1.49

−0.15 0.12+0.05
−0.01 3.13+1.26

−1.35 ... ...

108 05 36 25.55 -06 51 28.3 0.15+0.02
−0.02 1.51+0.34

−0.34 0.16+0.04
−0.03 0.93+0.80

−0.34 0.16+0.03
−0.03 3.50+0.42

−1.77 0.16+0.07
−0.01 1.35+5.86

−0.14

109 05 36 26.08 -06 26 15.5 0.24+0.10
−0.05 3.18+4.00

−0.96 0.29+0.13
−0.07 4.34+6.75

−1.97 0.25+0.07
−0.06 5.49+3.27

−1.38 0.30+0.14
−0.07 5.04+7.69

−2.06

110 05 36 26.71 -06 26 29.0 0.28+0.07
−0.04 0.05+0.12

−0.02 0.39+0.12
−0.07 0.11+0.14

−0.05 0.50+0.16
−0.08 0.61+0.23

−0.30 ... ...

111 05 36 26.83 -06 24 57.5 0.15+0.04
−0.02 0.36+0.70

−0.14 0.17+0.06
−0.04 0.42+0.63

−0.19 0.19+0.05
−0.04 2.18+0.43

−1.56 ... ...

112 05 36 27.01 -06 21 07.6 0.30+0.03
−0.07 39.72+5.67

−16.84 0.36+0.04
−0.11 59.50+24.98

−31.27 0.24+0.03
−0.06 34.14+8.34

−13.54 0.30+0.03
−0.09 42.36+4.58

−21.97

113 05 36 27.72 -06 23 12.3 0.13+0.03
−0.01 0.04+0.06

−0.02 0.17+0.05
−0.01 0.04+0.09

−0.02 0.22+0.04
−0.03 0.15+0.41

−0.05 ... ...

114 05 36 27.89 -06 25 36.0 0.24+0.10
−0.05 1.16+0.76

−0.47 0.30+0.10
−0.07 1.26+1.31

−0.59 0.31+0.07
−0.05 2.39+0.94

−0.45 0.38+0.15
−0.06 2.21+2.56

−0.69

115 05 36 28.10 -06 44 32.6 0.29+0.12
−0.07 1.27+1.09

−0.45 0.35+0.12
−0.08 1.54+1.71

−0.70 0.35+0.08
−0.07 2.50+1.33

−0.53 0.46+0.16
−0.09 2.90+3.07

−1.09

116 05 36 29.06 -06 38 40.7 0.08+0.12
−0.03 0.64+9.31

−0.38 ...+0.00
−0.00 ... ... ... ... ...

117 05 36 29.59 -06 38 50.4 0.17+0.02
−0.02 1.68+0.33

−0.15 0.19+0.04
−0.03 1.43+0.76

−0.44 0.17+0.04
−0.02 3.54+0.38

−0.93 0.20+0.04
−0.03 1.91+1.95

−0.36

118 05 36 30.10 -06 23 10.2 0.42+0.12
−0.08 1.08+1.18

−0.34 0.52+0.18
−0.11 1.58+2.59

−0.69 0.51+0.18
−0.09 2.31+2.83

−0.64 0.85+0.13
−0.17 4.62+4.55

−1.91

119 05 36 30.23 -06 42 46.1 0.29+0.08
−0.05 0.51+2.61

−0.27 0.37+0.10
−0.06 0.42+5.19

−0.16 0.42+0.07
−0.06 1.16+2.60

−0.20 0.69+0.13
−0.11 1.51+3.75

−0.30

120 05 36 30.50 -06 23 56.6 0.20+0.06
−0.05 12.11+10.53

−4.75 0.19+0.10
−0.05 11.35+20.32

−5.38 0.15+0.06
−0.03 11.31+9.13

−3.07 0.16+0.09
−0.05 8.65+12.86

−3.97

121 05 36 30.52 -06 42 03.2 0.14+0.04
−0.03 5.42+4.17

−1.37 0.10+0.06
−0.00 2.56+6.39

−0.01 ... ... 0.09+0.05
−0.01 3.18+4.08

−0.66

122 05 36 30.96 -06 52 41.0 ... ... ...+0.00
−0.00 ... ... ... ... ...

123 05 36 31.84 -06 23 23.1 0.15+0.05
−0.03 4.42+4.17

−1.11 0.12+0.07
−0.01 2.63+6.52

−0.59 0.11+0.05
−0.00 5.39+3.95

−0.27 0.12+0.07
−0.02 3.05+5.11

−0.76

124 05 36 32.38 -06 19 19.9 1.89+0.11
−0.11 3.83+1.10

−0.96 1.96+0.07
−0.10 3.67+0.99

−0.73 1.72+0.10
−0.08 7.30+1.42

−1.23 ... ...

125 05 36 32.42 -06 40 43.0 0.17+0.01
−0.01 1.29+0.09

−0.14 0.19+0.02
−0.02 0.90+0.29

−0.22 0.20+0.02
−0.02 2.81+0.19

−0.59 0.20+0.03
−0.02 1.34+0.39

−0.16

126 05 36 32.82 -06 39 54.9 0.54+0.11
−0.10 1.79+1.17

−0.61 0.69+0.16
−0.14 3.10+2.61

−1.27 0.68+0.16
−0.13 4.41+3.17

−1.64 0.99+0.06
−0.13 7.86+4.21

−2.64

127 05 36 32.89 -06 44 20.9 0.35+0.16
−0.10 0.68+5.85

−0.40 0.43+0.20
−0.12 0.81+10.19

−0.47 0.46+0.20
−0.10 1.55+7.47

−0.61 0.76+0.22
−0.18 2.53+8.16

−0.94

128 05 36 33.81 -06 19 27.0 0.15+0.04
−0.02 1.08+0.47

−0.63 0.17+0.07
−0.04 0.60+0.96

−0.27 0.18+0.06
−0.04 2.49+0.75

−1.76 ... ...

129 05 36 35.23 -06 50 12.2 0.14+0.04
−0.02 2.51+1.22

−0.52 0.11+0.06
−0.01 1.11+2.54

−0.14 0.11+0.04
−0.00 4.24+1.49

−0.09 0.10+0.06
−0.01 1.80+2.92

−0.32

130 05 36 35.76 -06 42 49.9 0.27+0.14
−0.07 1.47+5.22

−0.66 0.34+0.14
−0.09 1.87+6.00

−0.99 0.33+0.10
−0.07 2.86+4.40

−0.90 0.42+0.18
−0.10 3.11+6.94

−1.25

131 05 36 36.93 -06 33 24.2 0.36+0.08
−0.07 0.11+0.19

−0.05 0.53+0.14
−0.11 0.22+0.24

−0.10 0.67+0.21
−0.14 0.82+0.42

−0.26 1.21+0.10
−0.08 1.03+0.56

−0.02

132 05 36 40.69 -06 30 09.3 0.42+0.13
−0.08 0.85+0.69

−0.29 0.55+0.20
−0.11 1.28+1.70

−0.57 0.57+0.21
−0.10 2.05+2.18

−0.65 0.96+0.13
−0.17 4.25+3.24

−1.76
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Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

133 05 36 40.69 -06 52 04.5 0.31+0.05
−0.05 0.85+0.17

−0.16 0.37+0.06
−0.05 0.90+0.36

−0.26 0.38+0.04
−0.03 1.78+0.28

−0.18 0.55+0.09
−0.06 2.25+0.98

−0.58

134 05 36 40.94 -06 41 17.8 0.16+0.01
−0.01 0.69+0.25

−0.29 0.19+0.02
−0.02 0.54+0.16

−0.12 0.21+0.02
−0.02 2.32+0.11

−0.47 ... ...

135 05 36 41.35 -06 34 00.4 ... ... 0.41+0.16
−0.06 0.03+0.06

−0.02 0.57+0.24
−0.05 0.10+0.34

−0.03 ... ...

136 05 36 41.98 -06 20 45.4 0.14+0.04
−0.02 2.56+1.38

−0.54 0.11+0.06
−0.00 1.08+2.41

−0.08 0.10+0.04
−0.00 4.20+1.82

−0.03 0.10+0.06
−0.01 1.75+2.38

−0.29

137 05 36 43.77 -06 15 28.6 0.19+0.07
−0.03 1.02+0.50

−0.54 0.24+0.09
−0.05 0.81+0.96

−0.36 0.26+0.06
−0.05 2.40+0.48

−0.76 0.29+0.11
−0.03 1.41+3.97

−0.20

138 05 36 45.21 -06 28 09.6 0.20+0.07
−0.04 0.18+0.37

−0.08 0.25+0.07
−0.05 0.29+0.26

−0.14 0.29+0.06
−0.05 1.35+0.16

−0.72 ... ...

139 05 36 45.79 -06 48 16.0 ... ... 0.16+0.02
−0.03 65.63+21.97

−24.53 ... ... 0.14+0.01
−0.04 47.06+1.76

−20.07

140 05 36 46.62 -06 39 50.0 0.15+0.02
−0.02 2.46+0.56

−0.24 0.14+0.03
−0.02 1.53+1.13

−0.44 0.12+0.03
−0.01 4.54+0.61

−0.36 0.13+0.04
−0.02 2.06+2.27

−0.29

141 05 36 50.14 -06 41 29.2 0.55+0.29
−0.10 0.39+0.78

−0.11 0.85+0.31
−0.18 0.72+1.22

−0.30 1.10+0.30
−0.23 1.59+2.21

−0.52 ... ...

142 05 36 50.23 -06 48 58.2 0.15+0.01
−0.01 0.16+0.02

−0.02 0.20+0.01
−0.01 0.25+0.04

−0.04 0.23+0.01
−0.01 1.64+0.12

−0.37 ... ...

143 05 36 54.41 -06 51 05.5 0.14+0.06
−0.05 11.13+13.19

−4.97 0.11+0.10
−0.01 6.56+24.94

−0.88 0.13+0.05
−0.02 21.79+11.15

−8.11 0.09+0.07
−0.02 5.57+12.64

−1.67

144 05 37 49.54 -06 56 27.4 0.20+0.03
−0.03 0.13+0.14

−0.03 0.26+0.03
−0.03 0.20+0.08

−0.06 0.30+0.03
−0.03 1.18+0.05

−0.48 ... ...

145 05 37 51.72 -06 56 51.9 0.25+0.06
−0.03 0.06+0.16

−0.03 0.34+0.08
−0.05 0.12+0.15

−0.05 0.42+0.09
−0.07 0.73+0.20

−0.38 ... ...

146 05 37 53.28 -07 02 27.2 0.19+0.03
−0.02 4.00+1.56

−0.77 0.20+0.05
−0.04 4.13+3.06

−1.44 0.17+0.04
−0.03 5.89+1.73

−0.71 0.20+0.05
−0.04 4.29+3.13

−1.23

147 05 37 54.48 -06 57 31.1 0.50+0.22
−0.15 0.67+2.61

−0.32 0.72+0.28
−0.24 1.21+4.48

−0.70 0.82+0.28
−0.27 2.16+5.56

−0.98 1.22+0.09
−0.22 4.05+7.16

−1.77

148 05 37 54.51 -06 56 45.5 0.38+0.05
−0.05 0.06+0.09

−0.03 0.57+0.10
−0.10 0.15+0.10

−0.05 0.81+0.10
−0.15 0.65+0.13

−0.14 ... ...

149 05 37 55.15 -06 57 40.7 0.15+0.03
−0.02 1.22+0.28

−0.63 0.16+0.05
−0.03 0.62+0.70

−0.26 0.16+0.05
−0.03 2.96+0.40

−1.93 ... ...

150 05 37 55.22 -06 57 35.8 0.16+0.02
−0.01 0.23+0.28

−0.06 0.20+0.03
−0.02 0.35+0.15

−0.11 0.23+0.02
−0.02 1.97+0.05

−0.61 ... ...

151 05 37 55.65 -06 57 18.1 0.31+0.13
−0.06 0.09+0.28

−0.04 0.44+0.23
−0.10 0.19+0.49

−0.10 0.55+0.28
−0.11 0.71+0.84

−0.31 ... ...

152 05 37 55.74 -06 58 37.9 0.23+0.05
−0.03 1.08+0.38

−0.26 0.30+0.06
−0.04 1.10+0.78

−0.35 0.31+0.04
−0.04 2.24+0.54

−0.21 0.37+0.08
−0.05 1.98+1.35

−0.47

153 05 37 55.99 -06 52 33.7 0.14+0.01
−0.01 0.48+0.52

−0.15 0.15+0.02
−0.02 0.42+0.23

−0.14 0.16+0.02
−0.02 0.67+1.56

−0.17 ... ...

154 05 38 00.67 -07 01 14.3 0.23+0.04
−0.05 25.85+11.93

−10.34 0.25+0.09
−0.07 29.50+33.28

−14.72 0.18+0.04
−0.04 22.50+12.37

−8.21 0.21+0.05
−0.07 21.43+13.05

−10.91

155 05 38 04.84 -07 02 21.6 0.14+0.02
−0.01 1.14+0.54

−0.56 0.15+0.03
−0.03 0.55+0.57

−0.20 0.15+0.03
−0.02 0.77+2.24

−0.22 ... ...

156 05 38 10.50 -06 57 07.1 0.27+0.05
−0.03 1.61+0.64

−0.35 0.34+0.05
−0.04 2.10+1.08

−0.67 0.32+0.03
−0.03 3.10+0.69

−0.54 0.40+0.07
−0.05 3.29+1.60

−0.91

157 05 38 13.45 -07 06 43.3 0.57+0.57
−0.17 0.31+4.42

−0.18 0.92+0.45
−0.34 0.56+7.23

−0.35 1.24+0.36
−0.44 1.35+7.06

−0.65 ... ...

158 05 38 19.52 -06 55 29.7 0.25+0.10
−0.06 0.75+0.39

−0.43 0.30+0.11
−0.07 0.60+0.75

−0.27 0.33+0.08
−0.06 1.60+0.53

−0.48 0.46+0.16
−0.05 1.49+2.05

−0.28

159 05 38 21.22 -07 01 20.3 0.16+0.02
−0.01 1.69+0.43

−0.21 0.17+0.03
−0.03 1.25+0.75

−0.38 0.17+0.03
−0.02 3.70+0.47

−1.14 0.18+0.04
−0.02 1.70+1.82

−0.26

160 05 38 34.06 -07 04 36.8 ... ... 0.20+0.02
−0.06 101.66+4.08

−51.84 ... ... ... ...

161 05 38 40.22 -06 56 53.3 0.32+0.14
−0.08 1.89+5.18

−0.80 0.39+0.13
−0.09 2.61+9.58

−1.34 0.36+0.09
−0.07 3.34+4.40

−1.09 0.49+0.16
−0.11 4.45+8.67

−2.00

162 05 38 40.59 -07 02 23.8 0.25+0.22
−0.09 1.91+10.93

−1.12 0.32+0.23
−0.12 2.59+19.02

−1.68 0.30+0.18
−0.10 3.64+10.95

−1.77 0.36+0.26
−0.12 3.63+14.46

−1.60

163 05 38 41.48 -07 01 52.6 0.17+0.03
−0.02 1.09+0.32

−0.64 0.21+0.05
−0.04 0.78+0.65

−0.36 0.23+0.03
−0.03 2.54+0.50

−0.92 0.24+0.07
−0.03 1.26+2.80

−0.14

164 05 38 41.56 -06 52 51.0 0.16+0.03
−0.02 1.31+0.29

−0.47 0.19+0.06
−0.04 0.91+0.77

−0.38 0.20+0.04
−0.04 2.87+0.47

−1.33 0.19+0.08
−0.02 1.35+5.16

−0.16

165 05 38 43.22 -06 58 08.9 ... ... ...+0.00
−0.00 ... ... ... ... ...

166 05 38 43.84 -06 58 22.3 0.27+0.14
−0.08 0.84+3.69

−0.54 0.33+0.15
−0.08 0.80+6.68

−0.48 0.35+0.11
−0.08 1.76+3.87

−0.81 0.49+0.21
−0.11 1.90+5.70

−0.55

167 05 38 44.95 -06 58 14.7 0.35+0.02
−0.02 0.63+0.09

−0.06 0.45+0.03
−0.03 0.77+0.17

−0.14 0.48+0.02
−0.02 1.48+0.18

−0.13 0.81+0.05
−0.05 2.59+0.46

−0.39

168 05 38 46.84 -07 05 08.9 0.27+0.07
−0.05 1.27+0.89

−0.36 0.34+0.07
−0.06 1.52+1.38

−0.62 0.34+0.05
−0.05 2.52+1.03

−0.52 0.44+0.10
−0.07 2.79+2.29

−0.93

169 05 38 47.17 -07 02 40.4 ... ... 0.53+0.76
−0.14 0.03+2.60

−0.02 0.76+0.91
−0.20 0.25+3.24

−0.14 ... ...

170 05 38 47.74 -07 06 14.9 0.26+0.24
−0.06 0.06+5.28

−0.03 0.37+0.31
−0.10 0.13+6.60

−0.08 0.46+0.37
−0.11 0.69+5.37

−0.42 ... ...

171 05 38 47.93 -07 05 06.1 0.14+0.02
−0.01 0.11+0.46

−0.03 0.18+0.03
−0.02 0.16+1.16

−0.06 0.22+0.02
−0.03 0.36+1.32

−0.09 ... ...

172 05 38 49.88 -07 02 35.4 0.61+0.09
−0.34 34.20+8.93

−26.11 0.63+0.08
−0.30 44.51+26.80

−33.82 0.55+0.12
−0.27 32.79+9.55

−23.50 ... ...

173 05 38 50.44 -07 00 43.0 0.42+0.58
−0.08 0.04+0.88

−0.02 0.65+0.56
−0.22 0.12+3.62

−0.07 0.91+0.68
−0.24 0.48+2.43

−0.22 ... ...

174 05 38 52.97 -07 05 50.6 0.13+0.04
−0.03 2.54+1.51

−0.86 0.10+0.07
−0.00 0.97+2.95

−0.10 ... ... 0.09+0.07
−0.01 1.46+2.65

−0.18

175 05 38 53.33 -07 05 45.2 ... ... ...+0.00
−0.00 ... ... ... ... ...

176 05 38 54.45 -07 04 46.7 0.25+0.04
−0.03 1.67+0.74

−0.25 0.33+0.04
−0.03 2.18+1.45

−0.52 0.31+0.02
−0.02 3.25+0.95

−0.34 0.37+0.06
−0.04 3.22+1.70

−0.72

177 05 38 54.93 -07 07 10.9 0.23+0.02
−0.02 1.71+0.36

−0.29 0.30+0.03
−0.02 2.16+0.67

−0.56 0.29+0.02
−0.02 3.43+0.45

−0.47 0.33+0.04
−0.03 2.99+0.83

−0.62



STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’S SUBURBS 91

Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

178 05 38 55.02 -06 56 18.6 ... ... ...+0.00
−0.00 ... ... ... ... ...

179 05 38 57.04 -06 52 59.3 0.46+0.12
−0.10 5.58+4.96

−2.07 0.55+0.09
−0.10 8.06+5.66

−2.99 0.42+0.08
−0.05 6.83+4.53

−1.80 0.62+0.09
−0.11 11.90+8.32

−4.21

180 05 40 19.41 -08 14 16.4 0.44+0.09
−0.09 0.46+0.27

−0.17 0.63+0.16
−0.15 0.68+0.75

−0.29 0.75+0.18
−0.17 1.51+1.10

−0.48 1.19+0.10
−0.14 2.59+1.70

−0.83

181 05 40 21.84 -08 08 55.9 0.24+0.10
−0.05 1.01+1.99

−0.53 0.31+0.11
−0.07 1.01+2.93

−0.53 0.32+0.07
−0.06 2.11+1.88

−0.71 0.40+0.15
−0.08 1.96+3.24

−0.55

182 05 40 24.97 -07 55 35.3 0.20+0.07
−0.01 0.01+0.07

−0.01 0.28+0.10
−0.04 0.05+0.08

−0.03 0.37+0.11
−0.04 0.11+0.44

−0.04 ... ...

183 05 40 24.97 -08 07 33.2 2.34+0.13
−0.36 0.94+0.70

−0.33 2.43+0.09
−0.27 1.05+0.64

−0.35 2.34+0.17
−0.15 2.68+0.99

−0.78 ... ...

184 05 40 24.97 -07 55 35.3 ... ... 0.24+0.06
−0.02 0.03+0.05

−0.02 0.32+0.07
−0.03 0.07+0.29

−0.01 ... ...

185 05 40 25.75 -08 11 16.8 0.23+0.08
−0.05 0.70+0.30

−0.42 0.29+0.09
−0.06 0.53+0.63

−0.23 0.32+0.07
−0.06 1.56+0.43

−0.50 0.44+0.14
−0.05 1.35+1.40

−0.19

186 05 40 27.14 -08 07 36.5 0.25+0.11
−0.05 1.55+3.37

−0.63 0.32+0.12
−0.08 1.98+6.20

−1.02 0.31+0.07
−0.06 3.07+3.66

−0.87 0.37+0.14
−0.08 3.01+6.07

−1.15

187 05 40 35.44 -07 56 36.5 0.39+0.34
−0.16 0.73+7.01

−0.48 0.51+0.38
−0.21 1.04+11.36

−0.71 0.54+0.41
−0.20 1.76+11.05

−1.00 0.91+0.22
−0.26 3.42+13.49

−1.56

188 05 40 37.36 -08 04 03.0 ... ... 3.01+0.18
−0.06 1.94+0.16

−0.30 3.12+0.12
−0.13 1.79+0.38

−0.16 ... ...

189 05 40 41.01 -08 02 18.6 0.34+0.11
−0.06 0.36+0.20

−0.21 0.47+0.17
−0.09 0.36+0.51

−0.14 0.56+0.20
−0.09 0.94+0.79

−0.19 1.03+0.16
−0.11 1.60+1.49

−0.36

190 05 40 42.66 -07 46 03.0 0.15+0.03
−0.03 8.54+4.90

−2.22 0.12+0.05
−0.01 4.97+6.84

−0.75 0.12+0.02
−0.01 12.38+3.51

−3.02 0.10+0.04
−0.02 4.67+4.07

−1.04

191 05 40 46.22 -08 05 24.3 2.17+0.38
−0.47 0.40+0.32

−0.14 2.34+0.31
−0.43 0.42+0.32

−0.16 2.84+0.11
−0.22 1.32+0.63

−0.43 ... ...

192 05 40 46.40 -08 04 36.1 ... ... 0.55+0.15
−0.11 0.06+4.66

−0.03 0.80+0.17
−0.17 0.40+2.59

−0.18 ... ...

193 05 40 46.62 -08 07 12.8 ... ... 0.57+0.13
−0.10 0.02+0.03

−0.01 0.83+0.22
−0.09 0.17+0.15

−0.09 ... ...

194 05 40 46.84 -08 04 54.6 0.21+0.05
−0.02 0.04+0.07

−0.02 0.27+0.07
−0.04 0.08+0.09

−0.04 0.35+0.08
−0.05 0.32+0.41

−0.21 ... ...

195 05 40 48.07 -08 05 58.7 ... ... 0.55+0.13
−0.11 0.04+0.05

−0.02 0.79+0.18
−0.12 0.34+0.10

−0.17 ... ...

196 05 40 57.49 -07 48 08.8 0.26+0.16
−0.07 0.51+4.48

−0.38 0.32+0.20
−0.09 0.38+6.95

−0.24 0.37+0.18
−0.10 1.25+4.65

−0.73 0.58+0.30
−0.17 1.25+7.44

−0.15

197 05 40 59.75 -08 06 03.2 0.13+0.03
−0.02 1.55+0.40

−0.69 0.12+0.06
−0.01 0.55+1.13

−0.11 0.12+0.05
−0.01 0.85+2.56

−0.13 ... ...

198 05 40 59.92 -07 48 16.1 0.32+0.27
−0.14 2.17+14.55

−1.50 0.40+0.28
−0.17 3.10+24.67

−2.28 0.35+0.28
−0.12 3.74+14.45

−2.29 0.48+0.33
−0.19 5.00+17.50

−2.62

199 05 41 03.55 -07 57 46.3 0.14+0.03
−0.03 6.36+3.42

−1.51 ...+0.00
−0.00 ... ... ... 0.09+0.03

−0.01 3.59+2.63
−0.68

200 05 41 04.09 -07 43 38.6 0.25+0.06
−0.04 2.16+2.76

−1.21 0.32+0.07
−0.06 2.99+5.19

−1.92 0.29+0.05
−0.04 4.06+2.71

−1.88 0.35+0.11
−0.06 3.95+5.01

−1.86

201 05 41 04.36 -07 46 40.6 0.18+0.04
−0.03 4.72+2.71

−1.09 0.16+0.06
−0.03 3.93+4.75

−1.40 0.14+0.04
−0.02 6.23+2.54

−0.91 0.15+0.06
−0.03 3.96+4.53

−1.21

202 05 41 05.03 -07 45 34.2 0.16+0.06
−0.03 1.06+0.48

−0.63 0.20+0.09
−0.05 0.71+1.09

−0.34 0.21+0.06
−0.05 2.51+0.54

−1.37 0.19+0.15
−0.00 1.04+6.67

−0.02

203 05 41 05.49 -07 47 07.5 2.06+0.05
−0.22 3.29+2.01

−0.27 1.95+0.16
−0.16 4.82+2.01

−1.09 1.76+0.12
−0.08 7.76+1.49

−1.25 ... ...

204 05 41 07.00 -07 47 15.9 0.24+0.07
−0.04 2.73+1.81

−0.89 0.30+0.09
−0.06 3.78+2.87

−1.73 0.27+0.05
−0.05 4.92+1.56

−1.28 0.31+0.10
−0.06 4.51+3.79

−1.76

205 05 41 07.08 -07 46 22.5 0.24+0.11
−0.05 1.74+4.34

−0.73 0.30+0.12
−0.07 2.23+6.13

−1.16 0.29+0.07
−0.06 3.48+3.45

−1.10 0.33+0.14
−0.07 3.07+6.62

−1.21

206 05 41 14.03 -08 07 57.4 0.24+0.07
−0.04 0.10+0.59

−0.05 0.32+0.09
−0.06 0.17+1.03

−0.09 0.38+0.08
−0.06 0.87+1.06

−0.45 ... ...

207 05 41 16.25 -07 43 51.4 0.16+0.03
−0.03 9.78+5.73

−2.73 0.13+0.04
−0.02 6.51+6.82

−1.92 0.11+0.03
−0.00 8.29+5.32

−1.02 0.11+0.04
−0.02 5.25+4.55

−1.29

208 05 41 20.12 -07 55 24.0 0.18+0.07
−0.03 0.09+0.27

−0.05 0.23+0.10
−0.04 0.15+0.28

−0.08 0.28+0.09
−0.05 0.75+0.50

−0.55 ... ...

209 05 41 25.35 -08 05 54.7 1.77+0.19
−0.36 1.09+0.88

−0.40 1.94+0.10
−0.29 1.36+0.76

−0.49 2.07+0.07
−0.14 3.22+1.50

−0.99 ... ...

210 05 41 26.37 -07 58 17.8 0.18+0.04
−0.03 8.81+5.71

−2.65 0.16+0.07
−0.03 7.09+9.96

−2.77 0.13+0.05
−0.02 8.58+5.20

−1.51 0.13+0.07
−0.03 5.46+7.45

−1.69

211 05 41 30.59 -08 04 48.2 0.36+0.07
−0.05 0.04+0.08

−0.02 0.55+0.13
−0.12 0.11+0.12

−0.05 0.82+0.15
−0.18 0.57+0.20

−0.21 ... ...

212 05 41 33.38 -07 59 56.3 0.26+0.08
−0.05 0.09+0.23

−0.04 0.34+0.12
−0.07 0.17+0.23

−0.08 0.42+0.13
−0.08 0.83+0.35

−0.42 ... ...

213 05 41 41.66 -08 00 18.5 ... ... ...+0.00
−0.00 ... ... ... ... ...

214 05 41 43.74 -07 58 22.3 0.12+0.02
−0.01 0.05+0.06

−0.02 0.16+0.03
−0.01 0.04+0.09

−0.02 0.20+0.03
−0.02 0.17+0.42

−0.06 ... ...

215 05 41 49.23 -07 57 12.3 0.23+0.07
−0.04 1.70+3.12

−0.48 0.28+0.09
−0.06 2.09+4.47

−0.91 0.27+0.05
−0.05 3.49+3.04

−0.77 0.31+0.10
−0.06 2.84+5.76

−0.93

216 05 41 49.74 -08 00 32.3 ... ... 0.86+0.36
−0.16 0.07+0.14

−0.03 1.28+0.51
−0.23 0.36+0.31

−0.07 ... ...

217 05 41 51.84 -08 06 56.6 0.17+0.01
−0.01 1.46+0.09

−0.06 0.20+0.02
−0.02 1.23+0.25

−0.22 0.18+0.03
−0.01 3.09+0.16

−0.02 0.21+0.02
−0.02 1.72+0.31

−0.24

218 05 41 54.66 -07 59 12.4 0.77+0.42
−0.22 0.65+1.39

−0.29 1.20+0.24
−0.37 1.42+1.63

−0.75 1.53+0.07
−0.40 3.11+2.64

−1.50 ... ...

219 05 41 55.96 -07 58 36.6 0.21+0.07
−0.04 4.23+4.51

−1.33 0.23+0.12
−0.06 4.83+9.01

−2.24 0.20+0.07
−0.05 6.16+4.05

−1.20 0.22+0.12
−0.05 4.90+8.63

−1.90

220 05 42 05.59 -08 01 05.6 0.35+0.14
−0.09 2.44+6.92

−1.03 0.43+0.13
−0.10 3.51+11.00

−1.73 0.37+0.10
−0.07 3.95+6.65

−1.26 0.52+0.15
−0.13 5.77+9.38

−2.66

221 05 42 07.25 -08 05 24.4 0.14+0.04
−0.03 2.94+2.28

−0.88 0.10+0.06
−0.00 1.27+3.53

−0.46 ... ... 0.10+0.07
−0.01 2.04+3.31

−0.40

222 05 42 10.51 -08 07 35.1 0.17+0.02
−0.02 2.15+0.60

−0.32 0.18+0.04
−0.03 1.84+1.07

−0.62 0.17+0.03
−0.02 4.21+0.58

−0.84 0.19+0.04
−0.03 2.32+2.98

−0.51
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Table 3.8: continued.

RA DEC Mass Age Mass Age Mass Age Mass Age

ID (J2000) (J2000) (M⊙, DM97) (Myr, DM97) ( M⊙, D08) (Myr, D08) (M⊙, S00) (Myr, S00) (M⊙, B98) (Myr, B98)

223 05 42 11.04 -08 01 05.4 0.19+0.03
−0.02 4.00+1.77

−0.79 0.19+0.05
−0.03 3.87+3.06

−1.34 0.16+0.04
−0.03 5.86+1.68

−0.75 0.18+0.05
−0.04 4.08+2.98

−1.17

224 05 42 13.51 -08 10 01.5 0.28+0.10
−0.06 5.41+12.08

−2.57 0.35+0.12
−0.10 8.43+22.49

−4.73 0.28+0.08
−0.06 7.75+9.98

−2.93 0.37+0.13
−0.11 9.72+14.30

−5.06

225 05 42 14.60 -07 58 57.9 0.22+0.04
−0.03 1.25+0.60

−0.23 0.29+0.05
−0.04 1.36+1.08

−0.42 0.29+0.03
−0.03 2.65+0.75

−0.30 0.34+0.07
−0.04 2.20+1.34

−0.53

226 05 42 15.93 -08 09 37.8 0.16+0.04
−0.02 1.33+0.39

−0.53 0.18+0.06
−0.04 0.85+0.96

−0.36 0.17+0.06
−0.03 2.99+0.51

−1.85 0.17+0.10
−0.01 1.23+5.98

−0.11

227 05 42 18.11 -08 08 10.9 0.76+0.24
−0.19 1.68+3.62

−0.75 1.13+0.09
−0.28 3.89+4.95

−1.95 1.23+0.06
−0.25 6.62+7.09

−3.21 1.30+0.05
−0.15 10.17+8.99

−4.49

228 05 42 18.56 -07 59 23.0 0.18+0.01
−0.01 2.86+0.31

−0.24 0.19+0.02
−0.01 2.68+0.56

−0.43 0.17+0.01
−0.01 4.90+0.27

−0.20 0.19+0.01
−0.02 3.18+0.47

−0.45

229 05 42 19.05 -07 59 12.2 0.14+0.03
−0.02 3.98+1.65

−0.85 0.11+0.04
−0.01 2.09+2.29

−0.46 0.10+0.03
−0.00 4.90+1.97

−0.29 0.11+0.04
−0.02 2.67+1.59

−0.60

230 05 42 19.56 -08 05 07.6 0.30+0.13
−0.07 3.15+8.17

−1.39 0.39+0.13
−0.10 4.88+13.33

−2.62 0.33+0.08
−0.06 5.11+6.90

−1.84 0.43+0.14
−0.11 6.66+11.02

−3.22

231 05 42 21.36 -08 06 47.9 0.20+0.04
−0.02 1.00+0.18

−0.25 0.26+0.04
−0.03 0.88+0.41

−0.24 0.28+0.03
−0.03 2.25+0.19

−0.08 0.33+0.06
−0.03 1.61+0.70

−0.28

232 05 42 21.56 -08 08 29.8 0.46+0.08
−0.07 1.24+0.96

−0.49 0.58+0.12
−0.08 1.95+2.21

−0.89 0.57+0.11
−0.06 2.77+2.18

−0.96 0.94+0.08
−0.09 5.69+3.33

−2.10

233 05 42 23.24 -07 58 28.9 0.19+0.03
−0.03 7.92+3.47

−2.20 0.17+0.05
−0.03 6.87+5.77

−2.54 0.14+0.04
−0.02 8.33+3.36

−1.66 0.14+0.06
−0.03 5.42+5.33

−1.54

234 05 42 23.61 -08 09 10.3 0.24+0.04
−0.03 1.09+0.30

−0.20 0.30+0.05
−0.04 1.14+0.63

−0.32 0.31+0.03
−0.04 2.25+0.44

−0.21 0.39+0.06
−0.05 2.07+0.99

−0.46

235 05 42 23.94 -08 09 45.9 0.82+0.29
−0.23 1.46+3.66

−0.70 1.23+0.10
−0.32 3.42+4.88

−1.81 1.35+0.07
−0.28 6.19+6.64

−3.05 1.38+0.01
−0.18 9.48+8.61

−5.36

236 05 42 25.32 -08 10 18.0 0.40+0.28
−0.16 1.05+5.74

−0.63 0.48+0.33
−0.18 1.47+9.16

−0.96 0.47+0.33
−0.16 2.18+9.52

−1.03 0.77+0.23
−0.21 4.02+12.04

−1.97

237 05 42 25.44 -08 09 55.4 0.49+0.10
−0.10 3.74+5.05

−1.52 0.55+0.11
−0.09 5.10+7.10

−2.07 0.46+0.09
−0.06 5.07+5.91

−1.48 0.69+0.09
−0.11 9.20+7.86

−3.30

238 05 42 25.68 -07 58 22.0 0.27+0.04
−0.03 2.52+1.00

−0.53 0.34+0.05
−0.04 3.66+1.69

−0.99 0.31+0.02
−0.02 4.44+1.01

−0.64 0.38+0.06
−0.05 4.84+2.12

−1.20

239 05 42 25.79 -08 08 50.1 0.27+0.04
−0.03 1.48+0.48

−0.21 0.34+0.04
−0.04 1.89+0.77

−0.44 0.33+0.03
−0.02 2.89+0.55

−0.30 0.42+0.06
−0.05 3.11+1.29

−0.64

240 05 42 26.50 -07 58 50.9 0.47+0.54
−0.18 0.38+8.09

−0.26 0.69+0.49
−0.30 0.57+11.54

−0.40 0.86+0.44
−0.37 1.25+10.89

−0.70 1.34+0.04
−0.30 2.15+17.15

−0.79

241 05 42 26.96 -08 09 17.3 0.25+0.02
−0.01 2.86+0.45

−0.29 0.31+0.03
−0.02 4.08+0.91

−0.64 0.27+0.02
−0.01 5.06+0.42

−0.33 0.33+0.03
−0.03 4.93+1.19

−0.75

242 05 42 27.50 -08 11 03.8 0.17+0.02
−0.02 6.64+2.38

−1.72 0.15+0.04
−0.02 4.92+3.31

−1.71 0.12+0.03
−0.01 7.01+2.16

−1.06 0.13+0.03
−0.02 4.40+2.44

−1.08

243 05 42 27.59 -08 09 52.6 0.44+0.13
−0.10 1.96+5.88

−0.76 0.51+0.15
−0.11 2.82+9.09

−1.30 0.46+0.13
−0.08 3.35+5.52

−1.04 0.72+0.13
−0.16 6.17+7.63

−2.70

244 05 42 29.78 -08 07 26.4 0.42+0.42
−0.22 1.33+15.09

−0.99 0.50+0.44
−0.23 1.92+22.80

−1.49 0.48+0.48
−0.21 2.58+17.84

−1.76 0.77+0.31
−0.32 4.94+19.60

−2.74

245 05 42 30.62 -07 59 54.0 0.37+0.12
−0.08 6.24+11.87

−2.41 0.47+0.10
−0.11 10.32+20.81

−4.36 0.35+0.08
−0.06 8.05+10.29

−2.17 0.50+0.10
−0.12 12.71+13.01

−5.30

246 05 42 30.87 -08 10 45.7 0.17+0.02
−0.01 2.01+0.31

−0.20 0.18+0.03
−0.02 1.71+0.65

−0.44 0.17+0.02
−0.02 4.04+0.29

−0.46 0.19+0.03
−0.03 2.19+1.66

−0.42

247 05 42 31.00 -08 06 38.1 0.22+0.09
−0.05 1.48+1.21

−0.64 0.28+0.10
−0.07 1.71+2.01

−0.91 0.28+0.07
−0.05 3.12+1.25

−0.98 0.31+0.14
−0.06 2.48+3.46

−0.83

248 05 42 31.33 -08 02 35.3 0.18+0.02
−0.01 2.23+0.38

−0.20 0.19+0.03
−0.02 2.12+0.72

−0.50 0.18+0.02
−0.02 4.25+0.39

−0.14 0.20+0.03
−0.03 2.62+0.80

−0.50

249 05 42 31.55 -08 08 22.8 0.17+0.04
−0.02 0.41+0.51

−0.22 0.22+0.04
−0.04 0.47+0.38

−0.20 0.25+0.03
−0.03 2.07+0.27

−0.82 ... ...

250 05 42 32.66 -08 10 07.9 0.18+0.02
−0.01 1.58+0.23

−0.13 0.20+0.02
−0.02 1.41+0.48

−0.32 0.18+0.04
−0.01 3.29+0.34

−0.25 0.21+0.03
−0.03 1.90+0.53

−0.33

251 05 42 32.77 -08 07 04.8 0.17+0.01
−0.01 1.39+0.18

−0.12 0.19+0.02
−0.01 1.02+0.32

−0.20 0.18+0.02
−0.01 3.03+0.32

−0.29 0.20+0.02
−0.02 1.48+0.34

−0.20

252 05 42 34.02 -08 09 59.7 0.74+0.42
−0.23 0.56+1.17

−0.26 1.17+0.26
−0.38 1.22+1.36

−0.67 1.53+0.09
−0.44 2.74+2.48

−1.35 ... ...

253 05 42 34.31 -08 02 12.1 0.16+0.17
−0.07 2.55+12.99

−1.51 0.16+0.24
−0.04 1.99+29.05

−0.78 0.14+0.16
−0.03 4.67+12.22

−0.48 0.16+0.21
−0.04 2.43+16.09

−0.56

254 05 42 34.92 -08 07 50.5 0.17+0.03
−0.02 1.44+0.66

−0.43 0.19+0.05
−0.04 1.08+1.19

−0.43 0.17+0.05
−0.03 3.14+0.98

−1.40 0.20+0.07
−0.03 1.54+3.58

−0.24

255 05 42 36.41 -08 10 17.8 0.28+0.11
−0.06 8.00+10.41

−3.09 0.36+0.12
−0.10 12.49+16.77

−6.16 0.27+0.08
−0.06 10.10+8.01

−3.12 0.36+0.11
−0.11 13.59+13.82

−6.71

256 05 42 36.51 -08 11 51.5 0.75+0.20
−0.15 2.27+4.34

−0.87 1.06+0.06
−0.20 5.06+7.10

−2.17 1.12+0.03
−0.19 7.79+8.97

−3.24 1.20+0.02
−0.12 11.80+11.19

−4.26

257 05 42 40.06 -08 05 07.7 0.38+0.13
−0.09 9.28+12.36

−3.96 0.49+0.09
−0.13 15.81+16.78

−7.46 0.35+0.09
−0.07 10.76+9.89

−3.45 0.51+0.09
−0.13 17.67+14.40

−7.80

258 05 42 42.10 -08 15 15.3 0.41+0.12
−0.09 1.38+3.13

−0.36 0.49+0.14
−0.11 1.95+4.72

−0.75 0.46+0.13
−0.08 2.61+3.66

−0.53 0.74+0.12
−0.17 4.89+5.67

−1.89

259 05 42 44.12 -08 06 26.4 0.24+0.11
−0.05 1.09+0.73

−0.38 0.31+0.10
−0.07 1.15+1.16

−0.49 0.32+0.07
−0.06 2.25+0.83

−0.29 0.39+0.15
−0.06 2.12+2.38

−0.58

260 05 42 47.18 -08 05 57.0 0.37+0.15
−0.09 6.05+8.00

−2.56 0.47+0.12
−0.13 9.97+9.87

−4.64 0.36+0.10
−0.07 7.85+6.64

−2.36 0.51+0.12
−0.13 12.36+12.15

−5.64

261 05 42 47.44 -08 04 05.4 0.31+0.13
−0.07 4.01+8.03

−1.78 0.40+0.13
−0.10 6.39+13.83

−3.36 0.32+0.08
−0.06 6.10+6.48

−2.12 0.43+0.14
−0.11 8.19+12.11

−4.03

262 05 42 48.24 -08 05 57.1 0.53+0.07
−0.15 18.82+13.70

−8.95 0.61+0.03
−0.12 28.01+22.19

−12.32 0.44+0.09
−0.09 17.69+13.53

−6.62 0.63+0.03
−0.12 33.60+8.87

−14.84

263 05 42 51.65 -08 07 41.2 0.53+0.08
−0.14 17.18+13.78

−8.02 0.61+0.03
−0.12 25.51+20.61

−10.84 0.44+0.09
−0.09 16.41+13.79

−6.24 0.64+0.03
−0.12 30.77+10.46

−12.85

264 05 42 52.30 -08 08 54.9 0.17+0.05
−0.03 2.84+2.95

−0.63 0.17+0.09
−0.04 2.37+5.70

−0.94 0.15+0.06
−0.03 4.90+3.04

−0.49 0.17+0.09
−0.04 2.82+5.54

−0.73

265 05 42 59.13 -08 09 23.6 0.40+0.11
−0.09 1.17+2.80

−0.29 0.48+0.14
−0.10 1.63+5.27

−0.62 0.46+0.13
−0.08 2.33+3.77

−0.45 0.75+0.12
−0.17 4.31+5.33

−1.64

266 05 43 01.78 -08 04 50.6 0.55+0.25
−0.08 0.39+0.58

−0.07 0.86+0.29
−0.15 0.73+0.99

−0.24 1.12+0.28
−0.20 1.61+2.01

−0.45 ... ...

267 05 43 08.49 -08 11 32.3 0.40+0.09
−0.10 21.23+13.49

−11.02 0.50+0.06
−0.13 36.34+24.57

−19.52 0.33+0.09
−0.07 20.13+12.24

−8.79 0.49+0.08
−0.13 36.35+7.44

−19.23
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Table 3.9: The equivalent widths of emission lines on the optical spectra for YSOs in L1630N.

RA DEC [O I] [O I] [O I] [N II] [N II] He I [S II] [S II] Ca II Ca II Ca II

ID (J2000) (J2000) (5577 Å) (6300 Å) (6363 Å) (6548 Å) (6583 Å) (6678 Å) (6716 Å) (6731 Å) (8498 Å) (8542 Å) (8662 Å)

14 05 45 53.11−00 13 24.9 ... −0.6± 0.01 ... ... ... −0.5± 0.01 ... ... ... ... ...

20 05 45 56.31+00 07 08.6 ... −1.3± 0.01 ... ... ... ... ... ... ... ... ...

23 05 45 57.62+00 07 21.1 −1.0± 0.02 −5.1± 0.15 ... ... ... −1.3± 0.02 ... ... ... ... ...

24 05 45 57.93+00 02 48.6 −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 05 46 00.18+00 03 07.0 ... −0.4± 0.01 ... ... ... −0.8± 0.01 ... ... ... ... ...

27 05 46 04.64+00 04 58.1 −0.6± 0.01 −1.5± 0.01 −0.6± 0.01 ... ... −0.7± 0.01 ... ... ... ... ...

32 05 46 10.31−00 00 06.7 −0.9± 0.01 −1.9± 0.02 −0.8± 0.01 ... ... −2.7± 0.02 ... ... −2.0± 0.02 −2.2± 0.02 −1.6± 0.01

33 05 46 11.34−00 07 55.1 −42.0± 2.26 −85.9± 6.18 −27.7± 1.32 −2.1± 0.10 −7.8± 0.38 ... −1.9± 0.08 −4.2± 0.17 ... ... ...

36 05 46 12.99−00 08 14.8 −2.8± 0.08 −15.8± 0.41 −4.3± 0.10 ... −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 05 46 25.89+00 09 32.0−205.4± 10.03 −241.7± 20.40 −148.6± 22.99 ... ... −1.4± 0.03 ... ... ... ... ...

52 05 46 26.65+00 31 07.5 ... ... ... ... ... ... ... ... −0.7± 0.01 −0.7± 0.01 −0.5± 0.01

55 05 46 28.36+00 12 27.0 ... −10.8± 0.91 ... ... ... ... ... ... ... −1.7± 0.03 −1.7± 0.03

56 05 46 28.87+00 13 30.7 ... ... ... ... ... ... ... ... −14.4± 0.29 −20.8± 0.39 −13.8± 0.21

58 05 46 29.06+00 11 45.7 −21.9± 1.74 ... ... ... ... ... ... ... ... ... ...

59 05 46 29.59+00 10 57.2 ... ... ... ... ... ... ... ... −0.7± 0.01 −1.4± 0.01 −1.4± 0.01

65 05 46 33.28+00 02 51.9 ... ... ... ... ... −0.6± 0.01 ... ... −5.6± 0.04 −3.7± 0.03 −3.7± 0.03

69 05 46 36.10+00 06 26.8 ... −17.0± 1.34 ... ... ... ... ... ... ... ... ...

73 05 46 38.40+00 15 11.6 −6.3± 0.22 −19.5± 1.22 ... ... ... ... ... ... ... ... ...

74 05 46 38.57+00 22 06.0 ... ... ... ... ... ... ... ... −0.7± 0.01 −0.7± 0.01 −0.7± 0.01

79 05 46 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 05 46 45.00+00 11 32.7 −1.7± 0.03 −5.6± 0.13 −1.4± 0.03 ... ... ... ... ... ... ... ...

87 05 46 45.04+00 05 33.9 ... ... ... −0.7± 0.01 −1.0± 0.01 ... ... ... ... ... ...

90 05 46 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 05 46 51.19+00 18 08.2 ... −11.8± 0.22 −2.7± 0.04 ... ... ... ... ... ... ... ...

94 05 46 51.40+00 19 47.2 ... −18.5± 2.17 ... ... −9.3± 0.90 ... ... ... ... ... ...

95 05 46 51.48+00 19 21.3 ... −0.7± 0.01 ... ... ... −1.1± 0.01 ... ... ... ... ...

96 05 46 51.85+00 19 38.6 ... ... ... ... ... −0.8± 0.01 ... ... ... ... ...

104 05 47 04.48+00 15 47.2 −16.2± 2.31 ... ... ... ... ... ... ... ... ... ...

107 05 47 05.06+00 18 34.8 ... ... ... ... ... ... ... ... −0.7± 0.01 −0.7± 0.01 −0.7± 0.01

108 05 47 05.12+00 18 26.7 ... ... ... ... ... ... ... ... −0.7± 0.01 −0.7± 0.01 −0.7± 0.01

112 05 47 06.17+00 20 32.5 ... −2.5± 0.08 ... ... ... ... ... ... ... ... ...

117 05 47 08.62+00 19 23.9 −5.6± 0.47 ... ... ... ... ... ... ... −0.5± 0.01 −0.7± 0.01 −0.7± 0.01

118 05 47 08.71+00 16 34.7 ... ... ... ... ... ... ... ... −2.5± 0.03 −3.4± 0.05 −3.4± 0.05

123 05 47 12.92+00 22 06.5 ... ... ... ... ... ... ... ... −8.8± 0.11 −10.1± 0.15 −6.6± 0.08

129 05 47 19.90+00 16 13.1 ... −2.9± 0.09 ... ... ... ... ... ... ... ... ...

Table 3.10: The equivalent widths of emission lines on the optical spectra for YSOs in L1641.

RA DEC [O I] [O I] [O I] [N II] [N II] He I [S II] [S II] Ca II Ca II Ca II

ID (J2000) (J2000) (5577 Å) (6300 Å) (6363 Å) (6548 Å) (6583 Å) (6678 Å) (6716 Å) (6731 Å) (8498 Å) (8542 Å) (8662 Å)

5 05 35 17.80−06 24 38.4 ... ... ... ... ... ... ... ... −0.6± 0.01 −0.6± 0.01 −0.6± ...

20 05 35 27.35−06 19 31.3 ... −3.5± 0.12 ... ... ... ... ... ... ... ... ...

28 05 35 33.93−06 14 32.8 ... −1.2± 0.01 ... ... ... −0.9± 0.01 ... ... ... ... ...

34 05 35 41.02−06 22 45.4 −0.7± 0.01 −1.6± 0.02 ... ... ... ... ... ... ... ... ...

39 05 35 43.37−06 22 19.6 ... −4.6± 0.05 −1.6± 0.01 ... ... −2.4± 0.02 ... ... ... ... ...

40 05 35 44.18−06 28 16.4 ... ... ... ... ... −4.3± 0.06 ... ... ... ... ...

45 05 35 50.19−06 50 40.2 −283.0± 28.22 −56.5± 6.12 ... ... −12.2± 1.46 ... ... ... ... ... ...

46 05 35 57.30−06 40 28.1 ... ... ... ... ... −1.0± 0.01 ... ... ... ... ...

47 05 35 57.31−06 15 37.7 ... ... ... ... ... −1.2± 0.01 ... ... −1.6± 0.01 −0.8± 0.01 −0.7± 0.01

55 05 35 59.84−06 42 30.5 −1.1± 0.01 −11.4± 0.16 −3.4± 0.04 ... ... −4.2± 0.05 ... −2.2± 0.01 −3.2± 0.03 −4.6± 0.03 −3.2± 0.03

56 05 36 00.18−06 42 33.9 ... ... ... ... ... ... ... ... −2.0± 0.01 −3.1± 0.01 −3.1± 0.01

57 05 36 01.09−06 25 07.7 −0.8± 0.01 −1.5± 0.01 ... ... ... ... ... ... ... ... ...

58 05 36 01.10−06 15 31.4 −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 05 36 06.66−06 14 25.9 ... −1.0± 0.01 ... ... ... ... ... ... −1.9± 0.02 −0.8± 0.01 −2.9± 0.05

68 05 36 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 05 36 12.61−06 23 39.6 ... −1.1± 0.01 ... ... ... −1.2± 0.01 ... ... ... ... ...

84 05 36 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 ... ... ...
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Table 3.10: continued.

RA DEC [O I] [O I] [O I] [N II] [N II] He I [S II] [S II] Ca II Ca II Ca II

ID (J2000) (J2000) (5577 Å) (6300 Å) (6363 Å) (6548 Å) (6583 Å) (6678 Å) (6716 Å) (6731 Å) (8498 Å) (8542 Å) (8662 Å)

85 05 36 14.76−06 13 16.9 ... −1.3± 0.01 −0.5± 0.01 ... ... −1.1± 0.01 ... ... ... ... ...

88 05 36 15.84−06 14 50.7 ... −0.8± 0.01 ... ... ... −0.6± 0.01 ... ... ... ... ...

94 05 36 19.38−06 25 51.3 −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 05 36 21.16−06 26 56.9 ... −2.2± 0.05 ... ... ... −1.1± 0.03 ... ... ... ... ...

104 05 36 24.54−06 52 34.2 −0.9± 0.01 −1.2± 0.01 ... ... ... −1.5± 0.01 ... ... ... ... ...

105 05 36 25.13−06 44 41.9 ... −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 05 36 30.96−06 52 41.0 −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 05 36 32.42−06 40 43.0 ... −1.1± 0.01 ... ... ... −0.9± 0.01 ... ... ... ... ...

127 05 36 32.89−06 44 20.9 −1.3± 0.03 ... ... ... ... ... ... ... −3.7± 0.09 −3.2± 0.07 −2.7± 0.04

130 05 36 35.76−06 42 49.9 −1.2± 0.04 −1.6± 0.03 ... ... ... ... ... ... ... ... ...

134 05 36 40.94−06 41 17.8 ... −0.7± 0.01 ... ... ... ... ... ... ... ... ...

140 05 36 46.62−06 39 50.0 ... ... ... ... ... −1.4± 0.02 ... ... ... ... ...

143 05 36 54.41−06 51 05.5 ... −3.4± 0.17 ... ... ... ... ... ... ... ... ...

144 05 37 49.54−06 56 27.4 −0.6± 0.01 −0.9± 0.01 ... ... ... ... ... ... ... ... ...

145 05 37 51.72−06 56 51.9 −0.5± 0.01 −1.2± 0.01 −0.5± 0.01 ... ... −1.1± 0.01 ... ... ... ... ...

147 05 37 54.48−06 57 31.1 ... −0.8± 0.01 ... ... ... ... ... ... ... ... ...

152 05 37 55.74−06 58 37.9 ... −1.2± 0.01 ... ... ... ... ... ... ... ... ...

156 05 38 10.50−06 57 07.1 ... −1.3± 0.01 ... ... ... ... ... ... ... ... ...

159 05 38 21.22−07 01 20.3 ... ... ... ... ... −1.5± 0.04 ... ... ... ... ...

160 05 38 34.06−07 04 36.8 −3.9± 0.20 ... ... ... ... ... ... ... ... ... ...

162 05 38 40.59−07 02 23.8 −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 05 38 41.48−07 01 52.6 ... ... ... ... ... ... ... ... ... −0.5± 0.01 −0.5± 0.01

165 05 38 43.22−06 58 08.9 ... ... ... ... ... ... ... ... −4.3± 0.10 −4.2± 0.05 −3.3± 0.06

166 05 38 43.84−06 58 22.3 ... ... ... ... ... ... ... ... −0.9± 0.01 −0.7± 0.01 −0.6± 0.01

167 05 38 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 05 38 47.74−07 06 14.9 −21.8± 1.94 ... ... ... ... ... ... ... ... ... ...

173 05 38 50.44−07 00 43.0 −5.6± 0.26 ... ... ... ... ... ... ... ... ... ...

175 05 38 53.33−07 05 45.2 −1.8± 0.05 −6.0± 0.14 −2.4± 0.05 ... ... ... ... ... ... ... ...

177 05 38 54.93−07 07 10.9 −15.4± 0.30 ... ... ... ... ... ... ... ... ... ...

179 05 38 57.04−06 52 59.3 −0.8± 0.01 −1.6± 0.01 −0.7± 0.01 ... ... −2.4± 0.01 ... ... ... ... ...

182 05 40 24.97−07 55 35.3 −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 05 40 57.49−07 48 08.8 ... −7.3± 0.33 ... ... ... ... ... ... ... −3.0± 0.03 −3.0± 0.03

200 05 41 04.09−07 43 38.6 −1.6± 0.04 −2.0± 0.03 ... ... ... ... ... ... −0.6± 0.01 −0.5± 0.01 −0.5± 0.01

203 05 41 05.49−07 47 07.5 ... ... ... ... ... ... ... ... −6.8± 0.08 −4.0± 0.04 −3.3± 0.04

204 05 41 07.00−07 47 15.9 −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 05 41 07.08−07 46 22.5 −0.5± 0.01 ... ... ... ... ... ... ... ... ... ...

210 05 41 26.37−07 58 17.8 −123.8± 12.69 ... ... ... ... ... ... ... ... ... ...

212 05 41 33.38−07 59 56.3 ... −2.7± 0.10 ... ... ... ... ... ... ... ... ...

213 05 41 41.66−08 00 18.5 −8.6± 0.94 ... −4.3± 0.13 ... −1.9± 0.04 ... ... ... ... ... ...

214 05 41 43.74−07 58 22.3 −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 05 41 49.23−07 57 12.3 −3.2± 0.23 −7.5± 0.61 ... ... ... ... ... ... ... ... ...

219 05 41 55.96−07 58 36.6 ... −21.5± 1.60 ... ... ... ... ... ... ... ... ...

225 05 42 14.60−07 58 57.9 ... −5.9± 0.09 −2.6± 0.03 ... ... −0.6± 0.01 ... −0.6± 0.01 ... ... ...

231 05 42 21.36−08 06 47.9 ... ... ... ... ... ... ... ... −0.6± 0.01 −0.8± 0.01 −0.8± 0.01

232 05 42 21.56−08 08 29.8 ... −0.8± 0.01 ... ... ... ... ... ... ... ... ...

233 05 42 23.24−07 58 28.9 ... −31.9± 1.93 ... ... ... ... ... ... ... ... ...

234 05 42 23.61−08 09 10.3 ... −1.8± 0.02 ... ... ... −1.0± 0.01 ... ... ... ... ...

239 05 42 25.79−08 08 50.1 −1.2± 0.02 −1.6± 0.02 ... ... ... −0.7± 0.01 ... ... ... ... ...

240 05 42 26.50−07 58 50.9 ... ... ... ... ... −0.6± 0.01 ... ... ... ... ...

245 05 42 30.62−07 59 54.0 −7.4± 0.07 −1.6± 0.04 ... ... ... ... ... ... ... ... ...

248 05 42 31.33−08 02 35.3 ... −2.8± 0.05 ... ... ... ... ... ... ... ... ...

253 05 42 34.31−08 02 12.1 ... −10.2± 0.33 −2.5± 0.06 ... ... −1.5± 0.02 ... ... ... ... ...
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Table 3.11: Unrelated field stars with photometric magnitudes in L1630N. A complete version
of this table, containing 108 stars, is available at the CDS. Here we only show the first 10 entries.

RA DEC u′ g′ r′ i′ z′ J H Ks [3.6] [4.5] [5.8] [8.0] [24] AV

ID (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) Spt (mag)

1 05 45 29.13−00 13 49.4 24.24± 0.68 20.82± 0.02 18.82± 0.01 17.88± 0.01 17.21± 0.01 15.43± 0.05 14.73± 0.05 14.29± 0.09 14.21± 0.06 14.24± 0.06 14.19± 0.10 14.23± 0.26 ... K6 2.7

2 05 45 29.45−00 12 12.9 ... 21.09± 0.02 19.27± 0.01 18.02± 0.01 17.35± 0.01 15.87± 0.08 15.48± 0.14 15.18± 0.17 14.87± 0.06 14.84± 0.06 ... ... ... M3.5 0.1

3 05 45 30.81−00 09 43.1 23.43± 0.36 20.69± 0.01 19.22± 0.01 18.41± 0.01 17.83± 0.01 16.20± 0.11 15.87± 0.17 15.36± 0.20 15.29± 0.06 15.40± 0.06 ... ... ... F8 3.8

4 05 45 31.70−00 08 33.5 21.99± 0.10 19.37± 0.01 17.71± 0.01 16.83± 0.01 16.21± 0.01 14.60± 0.03 13.86± 0.03 13.67± 0.05 13.40± 0.06 13.40± 0.06 13.45± 0.07 13.25± 0.13 ... G1.5 4.0

5 05 45 33.01−00 04 55.0 23.72± 0.46 21.73± 0.03 20.11± 0.01 19.21± 0.01 18.60± 0.02 .... ... ... 15.96± 0.06 15.91± 0.07 ... ... ... G0 4.1

6 05 45 33.72−00 04 49.0 21.28± 0.06 18.28± 0.01 16.68± 0.01 15.90± 0.01 15.37± 0.01 13.91± 0.02 13.11± 0.02 12.93± 0.03 12.75± 0.06 12.78± 0.06 12.77± 0.06 12.83± 0.10 ... K4 2.3

7 05 45 34.32−00 04 27.5 23.46± 0.42 21.19± 0.02 18.91± 0.01 17.39± 0.01 16.45± 0.01 14.69± 0.03 13.63± 0.04 13.36± 0.03 13.20± 0.06 13.07± 0.06 12.98± 0.06 12.91± 0.10 ... M2.5 1.6

8 05 45 36.34−00 13 33.9 24.52± 0.88 21.86± 0.04 19.49± 0.01 18.03± 0.01 17.09± 0.01 15.39± 0.06 14.44± 0.06 14.09± 0.07 13.60± 0.06 13.65± 0.06 13.55± 0.07 13.83± 0.19 ... M1.5 2.3

9 05 45 38.07−00 10 08.9 23.42± 0.35 20.05± 0.01 18.28± 0.01 17.34± 0.01 16.70± 0.01 15.10± 0.06 14.25± 0.04 14.19± 0.07 13.98± 0.06 13.98± 0.06 13.85± 0.08 13.68± 0.17 ... K1.5 3.7

10 05 45 39.17+00 09 36.3 22.60± 0.15 20.09± 0.01 18.76± 0.01 18.13± 0.01 17.68± 0.01 16.36± 0.12 15.73± 0.13 15.60± 0.21 15.47± 0.06 15.48± 0.06 ... ... ... K3.5 1.9

Table 3.12: Unrelated field stars with photometric magnitudes in L1641. A complete version of
this table, containing 71 stars, is available at the CDS. Herewe only show the first 10 entries.

RA DEC u′ g′ r′ i′ z′ J H Ks [3.6] [4.5] [5.8] [8.0] [24] AV

ID (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) Spt (mag)

1 05 35 18.65−06 25 09.7 21.12± 0.16 18.42± 0.01 17.01± 0.01 15.76± 0.01 15.10± 0.01 13.72± 0.02 13.01± 0.03 12.82± 0.02 12.51± 0.06 12.47± 0.06 12.33± 0.07 12.02± 0.18 ... M3.5 0.1

2 05 35 28.58−06 17 00.0 22.40± 0.59 22.67± 0.17 19.77± 0.02 18.06± 0.01 16.83± 0.01 14.48± 0.03 13.42± 0.03 12.86± 0.02 12.52± 0.06 12.38± 0.06 12.39± 0.07 12.48± 0.25 ... K5 5.7

3 05 35 32.41−06 16 48.0 21.02± 0.18 20.81± 0.04 16.86± 0.01 13.63± 0.01 11.75± 0.01 7.93± 0.03 6.24± 0.06 5.43± 0.01 5.59± 0.06 4.94± 0.06 4.79± 0.06 4.64± 0.06 4.05± 0.06 M6 7.3

4 05 35 34.81−06 21 51.3 13.71± 0.01 10.91± 0.01 10.44± 0.01 10.35± 0.01 12.83± 0.01 9.50± 0.02 9.25± 0.03 9.17± 0.01 9.11± 0.06 9.12± 0.06 8.99± 0.06 9.17± 0.06 ... B8.5 2.1

5 05 35 39.41−06 16 02.7 19.87± 0.07 17.15± 0.01 15.71± 0.01 15.14± 0.01 14.54± 0.01 13.27± 0.03 12.61± 0.03 12.39± 0.02 12.09± 0.06 12.27± 0.06 12.23± 0.07 12.23± 0.20 ... M1.5 0.1

6 05 35 40.03−06 23 54.3 ... 21.44± 0.06 18.99± 0.01 17.58± 0.01 16.54± 0.01 14.48± 0.03 13.51± 0.03 13.10± 0.02 12.78± 0.06 12.65± 0.06 12.71± 0.07 12.67± 0.23 ... K5 4.5

7 05 35 46.67−06 39 55.1 22.35± 0.75 20.62± 0.04 19.03± 0.01 18.22± 0.01 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 05 35 48.24−06 41 35.2 ... ... ... ... ... 17.23± 0.21 16.10± 0.21 15.56± 0.17 15.19± 0.08 15.03± 0.07 ... ... ... K5.5 4.7

9 05 35 56.56−06 52 45.7 ... 21.95± 0.09 19.94± 0.02 18.97± 0.01 18.28± 0.03 16.85± 0.15 15.61± 0.13 15.58± 0.19 15.29± 0.07 15.17± 0.06 ... ... ... K6.5 2.5

10 05 35 56.58−06 50 35.2 21.61± 0.27 18.48± 0.01 16.83± 0.01 15.94± 0.01 15.34± 0.01 13.85± 0.02 13.14± 0.04 12.91± 0.03 12.76± 0.06 12.64± 0.06 12.62± 0.07 12.53± 0.14 ... K4 2.6
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Table 3.13: Photometric magnitudes for stars in L1630N. A complete version of this table,
containing 12199 stars, is available at the CDS. Here we only show the first 10 entries.

RA DEC u′ g′ r′ i′ z′ 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 05 45 21.05+00 00 52.7 ... ... 23.79± 0.30 22.20± 0.11 21.18± 0.21 ... ... ... 17.08± 0.08 17.03± 0.10 ... ... ...

2 05 45 21.07+00 49 19.8 21.10± 0.06 19.60± 0.01 18.79± 0.01 18.43± 0.01 18.25± 0.02 ... ... ... 16.51± 0.07 16.21± 0.07 ... ... ...

3 05 45 21.11+00 38 36.9 ... ... 23.15± 0.39 21.93± 0.21 21.21± 0.38 ... ... ... 16.63± 0.08 16.66± 0.08 ... ... ...

4 05 45 21.14+00 37 48.4 23.91± 0.44 21.20± 0.02 19.82± 0.01 19.20± 0.01 18.77± 0.02 ... ... ... 16.30± 0.07 16.46± 0.07 ... ... ...

5 05 45 21.15−00 11 05.2 19.82± 0.02 17.44± 0.01 16.03± 0.01 15.31± 0.01 14.80± 0.01 13.38± 0.02 12.82± 0.04 12.57± 0.02 12.45± 0.06 12.46± 0.06 12.39± 0.06 12.04± 0.07 ...

6 05 45 21.15+00 18 48.0 ... 24.52± 0.38 22.44± 0.10 20.86± 0.04 20.00± 0.08 ... ... ... ... 16.97± 0.10 ... ... ...

7 05 45 21.16+00 47 15.0 ... ... 22.93± 0.35 21.50± 0.16 20.06± 0.14 ... ... ... 16.96± 0.09 ... ... ... ...

8 05 45 21.17+00 00 06.5 19.05± 0.01 17.01± 0.01 15.82± 0.01 15.21± 0.01 14.79± 0.01 13.51± 0.02 13.05± 0.02 12.86± 0.03 12.71± 0.06 12.72± 0.06 12.55± 0.06 12.62± 0.09 ...

9 05 45 21.19+00 45 35.9 ... 21.40± 0.03 19.67± 0.01 18.61± 0.01 18.02± 0.02 16.74± 0.17 15.89± 0.15 15.82± 0.25 15.75± 0.06 15.78± 0.06 15.64± 0.28 ... ...

10 05 45 21.19+00 26 07.1 17.04± 0.01 15.71± 0.01 14.30± 0.01 12.81± 0.01 13.32± 0.01 11.34± 0.02 10.76± 0.02 10.58± 0.02 10.32± 0.06 10.40± 0.06 10.41± 0.06 10.38± 0.06 ...

Table 3.14: Photometric magnitudes for stars in L1641. A complete version of this table, con-
taining 9495 stars, is available at the CDS. Here we only show the first 10 entries.

RA DEC u′ g′ r′ i′ z′ 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 05 34 04.47−06 31 37.9 22.43± 0.56 19.53± 0.02 18.10± 0.01 16.47± 0.01 15.52± 0.01 13.90± 0.03 13.13± 0.04 12.68± 0.02 ... ... ... 11.40± 0.08 ...

2 05 34 05.73−06 28 51.7 21.67± 0.18 17.90± 0.01 15.61± 0.01 14.46± 0.01 13.63± 0.01 11.77± 0.02 10.84± 0.03 10.47± 0.02 ... ... ... 10.03± 0.06 ...

3 05 34 06.23−06 30 45.1 19.71± 0.06 16.74± 0.01 15.24± 0.01 16.37± 0.01 13.14± 0.01 11.59± 0.02 10.84± 0.03 10.59± 0.02 ... ... ... 10.18± 0.06 5.70± 0.06

4 05 34 06.28−06 28 39.8 23.47± 0.91 19.76± 0.01 17.69± 0.01 16.57± 0.01 15.79± 0.01 14.04± 0.03 13.10± 0.03 12.73± 0.02 ... ... ... 12.26± 0.13 ...

5 05 34 06.96−06 32 07.9 20.87± 0.15 18.22± 0.01 16.80± 0.01 15.45± 0.01 14.71± 0.01 13.29± 0.02 12.59± 0.03 12.26± 0.02 ... ... ... 9.34± 0.06 5.67± 0.06

6 05 34 09.07−06 33 56.7 21.05± 0.18 19.26± 0.01 17.91± 0.01 16.30± 0.01 15.38± 0.01 13.84± 0.02 13.20± 0.03 12.99± 0.02 ... ... ... 12.43± 0.15 ...

7 05 34 09.57−06 25 41.4 ... 22.92± 0.16 21.33± 0.05 20.54± 0.04 19.99± 0.07 ... ... ... 17.40± 0.16 17.12± 0.13 ... ... ...

8 05 34 10.01−06 26 22.5 ... 22.42± 0.10 20.28± 0.02 19.21± 0.01 18.50± 0.02 16.87± 0.16 15.96± 0.16 15.51± 0.17 15.31± 0.06 15.34± 0.06 ... ... ...

9 05 34 10.36−06 24 37.9 21.52± 0.16 18.40± 0.01 16.83± 0.01 16.09± 0.01 15.61± 0.01 14.16± 0.03 13.44± 0.04 13.24± 0.03 12.95± 0.06 13.06± 0.06 12.88± 0.09 13.05± 0.24 ...

10 05 34 10.51−06 30 40.0 ... ... 21.13± 0.06 19.09± 0.02 17.68± 0.02 15.18± 0.04 13.81± 0.04 13.24± 0.03 ... ... ... 12.58± 0.17 ...
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3.3.2 Stellar properties

We determined the spectral type for each star in our sample asdescribed Sect. 3.2.2, and es-
timated masses and ages using the methods described in Sect.3.2.3. We could obtain reliable
spectral types for 71% of the observed sample in L1630N and 78% in L1641, 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 our sample. The distribution is bi-
modal, with peaks around spectral type G0 and mid M. In this figure, we distinguish between
YSO candidates, selected according to the criteria outlined in Sect. 3.2.1 and shaded gray in the
histogram, and probable ”field” objects. The young stars in our sample are all of K or M type,
with the exception of one F and one G star in L1641. The field stars comprise essentially the
entire peak around spectral type G0 and placement of these objects in the HR diagram shows that
11% (7/61) in L1630 and 25% (5/20) are foreground dwarfs, the majority of the rest are main
sequence stars behind the clouds. The second peak in the fieldobjects distribution, around K and
M spectral types, consists mostly of foreground dwarfs and background giants.

Figure 3.5: The spectral-type distributions of our sample observed with VIMOS in L1630N and
L1641. The open histograms show the distribution of all the stars with 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 L1641 clouds, from which we derive
mass and age estimates as outlined in Sect. 3.2.3(3). We showseparate diagrams for the “dis-
tributed” and “clustered” population in L1641, as defined using the NNM (Sect. 3.2.5). The vast
majority of objects lie between the 0.1 and 3 Myr isochrones.We use distinct symbols ( filled
asterisks) for objects with SEDs typical for transition disks (see also Sect. 3.3.3), as well as four
“exotic” objects that are apparently under-luminous and have very high emission line equivalent
widths (blue-boxed points, see Sect.3.3.4(1)).

Figure 3.6: HR diagrams of YSOs in L1630N (left panel), L1641C (middle panel) and L1641D
(right panel). Gray circles: YSOs. The error bars for the effective temperatures reflect the
uncertainties of the deduced spectral types provided by theclassification code. The errors bars for
the lumonisity come from the optical SED fitting and include the uncertainties in the photometry
as well as the effective temperatures. Asterisks: YSOs with transition disks. Open squares: the
exotic objects, see Sect. 3.3.4(1).

In Fig. 3.7, we show the age distribution of L1630N, L1641C, and L1641D. The median ages
are 0.9 Myr in L1630N, 1.1 Myr in L1641C, and 1.3 Myr in L1641D, if a distance of 450 pc is
assumed for both clouds. In this case, a Kolmogorov-Smirnov(KS) test yields a very low prob-
ability (P∼0.03) that the YSOs in L1641 and L1630N are drawn randomly from the same age
distribution. However, if one assumes a distance of 400 pc for L1630N, which is within current
uncertainties (Flaherty & Muzerolle 2008; Anthony-Twarog1982), the discrepancy between the
age distributions of both clouds disappears completely.

In Fig. 3.8, we show the mass distributions (filled histograms) derived for our sample. The me-
dian masses are∼0.34M⊙ in L1630N, 0.33M⊙ in L1641C, and 0.28M⊙ in L1641D, respectively.
A KS test toward the mass distributions in L1630N and L1641D reveals a relatively low proba-
bility (P∼0.08) for stars in both clouds to be drawn randomly from the same distribution. In
Fig. 3.8 we see that there are fewer objects in the lowest massbins in L1641C compared to
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Figure 3.7: The age distribution of YSOs in L1630N, L1641C, and L1641D. The dotted lines
show the median masses of YSOs, i.e.∼0.9 Myr in L1630N, 1.1 Myr in L1641C ,and 1.3 Myr in
L1641D.

Figure 3.8: The mass distribution of YSOs in L1630N and L1641. The dotted lines show the me-
dian masses of YSOs, i.e.∼0.34 M⊙ in L1630N, 0.33M⊙ in L1641C, and 0.28M⊙ in L1641D.
The shaded histograms are the mass distributions without incompleteness correction, while the
open histograms are the mass distribution corrected for incompleteness (see Sect.3.3.2(2)). A
linear regression toward the latter mass spectra in the range of -0.4≤ log(M⋆/M⊙)≤0.4 gives
slopes of -1.36±0.36 and -1.74±0.19 for the population in L1630N and L1641D (dashed lines),
respectively.
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L1641D and L1630N. This may, however, be caused by higher extinction in the former popula-
tion, causing the lowest mass members to be excluded from oursample as they are too faint for
optical spectroscopy. The mass distributions for stars above 0.5M⊙ in L1630N and L1641D are
indistinguishable, with a probability ofP∼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 incompleteness of our sample. According to
an assumed mass function, we constructed 1000 synthetic stellar populations, each contain-
ing 2×105 stars. Assuming ages of 0.9 Myr for L1630N, 1.1 Myr for L1641Cand 1.3 Myr for
L1641D, we obtained synthetic photometry for each star using the PMS evolutionary tracks
from Dotter et al. (2008). We reddened the photometry usingAv values randomly sampled
from the observed extinction distributions in both regions, respectively. We usedr ′=21.5 mag
as a flux limit, and assumed that stars brighter than this limit have spectra of sufficient signal-
to-noise for reliable spectral classification. Examination of the VIMOS spectra of our sample
shows that this limit is realistic. The incompleteness correction factors for each mass bin can
be obtained by comparing the input mass function and the “observed” mass function, including
all stars brighter than 21.5 mag atr ′. The open histograms in Fig. 3.8 show the mass distribu-
tion corrected for incompleteness. A linear regression toward this mass function within the mass
range -0.4≤ log(M⋆/M⊙)≤0.4 yields slopes of -1.36±0.36 and -1.74±0.19 for the population in
L1630N and L1641D, respectively.

3.3.3 Disk properties

From our infrared SED data we derived approximate disk geometries for the observed objects
whereas optical emission lines yield accretion and outflow signatures. 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 displaying a range of spectral shapes
that are thought to indicate different stages of disk evolution. In Table 3.15 we list the infrared
excess from 3.6µm to 24µm of these same stars in magnitudes.

The object displayed in Fig. 3.9(a) shows a strong IR excess with an approximately flat spectrum
(in λFλ). The SED of the system in Fig. 3.9(b) shows excesses that arereduced by a similar factor
across the whole wavelength range compared to the object in Fig. 3.9(a). The excess fluxes of the
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object shown Fig. 3.9(c) are substantially smaller still, in particular at 24µm. The SEDs shown
in Figs. 3.9(a) to (c) can be understood in terms of dust growth and settling, which decrease the
vertical scale height of the disk and thus the amount of stellar radiation that is absorbed by the
disk and re-emitted in the infrared. The corresponding diskgeometries 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 that the ratio of the disk vertical scale height
and the distance (H/R) doesn’t increase significantly with radius. For flared disks, this ratio does
increase with radius, the classical solution for an optically thick disk beingH/R∝ R2/7 (Kenyon
& Hartmann 1987).

Figure 3.9: Example SEDs of YSOs whose disks are in different evolutionary stages. The
photospheric emission level is indiacted with a grey curve in each panel. From (a) to (e-f), the
disks evolve from a “strongly flared” optially thick disk to a“transition disk”. (g): a star showing
no excess emission in any of the Spitzer bands. (h): a debris-disk candidate with a weak excess
at 24µm only.

From Fig. 3.9(c) to Fig. 3.9(e) the excess emission from 3.6µm to 8.0µm decreases steadily while
the flux at 24µm remains roughly constant. This indicates that the very inner parts of the disk
are dissipated while the outer disk remains essentially intact, i.e. an inner hole may form. Going
from Fig. 3.9(e) to Fig. 3.9(f) we see that the excess emission at 8.0µm is significantly reduced,
while the excess at 24µm has more than doubled. This may be understood in terms of an inner
disk that has essentially dissipated, i.e. an inner gap of order 1 AU in radius, combined with a
dusty outer disk whose inner edge is no longer partially shielded by the inner disk but rather is
fully exposed to the stellar radiation field, and has a temperature of.200 K making it very bright
at 24µm but very faint at.8µm.
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The star shown in Fig. 3.9(g) displays no excess emission at any of the Spitzer bands, indicating
it has essentially no circumstellar material within∼20 AU. In Fig. 3.9(h) we show a star that has
essentially photospheric emission levels atλ ≤8µm but shows a weak excess at 24µm. Such
an SED is typical of “debris disks”, which possess relatively small amounts of circumstellar
material originating in the collisional grind-down of larger bodies (“planetesimals”). While the
source shown in Fig. 3.9(g) does show a debris disk-like SED,it is unclear whether it is of the
same physical nature, given its young age of.4 Myrs.

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)

(a) 166 1.39 2.07 2.46 3.34 6.45

(b) 239 1.49 1.89 2.15 2.81 5.71

(c) 177 0.84 1.24 1.57 2.12 4.12

(d) 205 0.56 0.82 1.13 1.83 4.38

(e) 64 · · · 0.05 0.34 1.22 4.20

(f) 204 0.06 0.23 0.29 0.72 5.17

(g) 44 · · · · · · · · · · · · · · ·
(h) 192 · · · · · · · · · · · · 0.75

(b) Disk frequency

In Fig. 3.10(a) we show the “classical Spitzer IRAC color-color” diagram of all YSOs in our
sample, i.e. the [3.6]-[4.5] vs. [5.8]-[8.0] colors. A number of stars cluster around the origin,
indicating approximately photospheric near-infrared colors and the absence of an optically thick
inner disk. Most stars are located towards the top-right of the origin due to infrared excess
emission indicative of hot dust in the inner disk. Note that in Fig. 3.10, the Hα equivalent width
of each star is indicated using a color coding, this will be further discussed in Sect. 3.3.3(2).

The average slopeαIRAC of the SED in the IRAC spectral range is often used as a proxy forthe
nature of the inner disk. Fig. 3.11 shows this slope as a function of stellar effective tempareture,
again with symbols color-coded according to Hα equivalent width. Diskless M-type stars show a
spectral slope ofαIRAC .−2.56, while objects with an optically thick inner disk haveαIRAC ≥ -1.8.
An intermediate spectral slope of−2.56≤αIRAC <−1.8 points at a partially dissipated “evolved”
inner disks. Using these criteria, we find the following diskstatistics in our sample of YSOswith
detections in all four IRAC bands. In L1630N, the YSOs with optically thick disks and evolved



STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’S SUBURBS 103

Figure 3.10: Spitzer [3.6]-[4.5] vs. [5.8]-[8.0] (left) and Ks-[5.8] vs. [8.0]-[24] (right) color-
color diagrams for our YSO sample in L1630N, L1641C, and L1641. The pluses mark YSOs
with transition disks. The debris disk candidate is marked with a square box. All points are color-
coded according to the Hα equivalent width (blank circles represent sources where our VIMOS
spectra did not cover the Hα spectral region)

.
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Figure 3.11: (a): The dereddened power-law slope of the IRAC SEDs (αIRAC) for YSOs in
L1630N, L1641C, and L1641D, plotted as a function of effective temperature. (b): Distributions
of αIRACfor YSOs in L1630N, L1641C, and L1641D.
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Figure 3.12: The spectral slopeα5.8−24 between the IRAC 5.8 and MIPS 24 bands in different
age bins. This slope is a measure for the disk geometry on scales of a few AU, see Sect. 3.3.3(1c).
The solid lines show the median value of this slope for each age bin.

disks account for 73±9% and 10±3% of all sources, respectively. In L1641C, 59±11% of sources
have an optically thick disk and 16±6% have an evolved disk. In L1641D, these fractions are
63±7% and 10±3%, respectively.

Some YSOs, preferentially those without strong excess emission, did not have solid detections in
all four IRAC bands. For these sources, we visually inspectedthe SEDs for signs of infrared ex-
cess emission, by comparing the observed IRAC fluxes with the reddened model atmospheres fit-
ted to the optical and near-infrared data. Including these stars leads to somewhat lower total disk
frequencies (optically thick+ evolved) compared to the numbers quoted above: 70% in L1630N,
67% in L1641C (aggregate/clutser population in L1641), and 59% in L1641D (distributed pop-
ulation in L1641). We remind the reader that these values likely still slightly overestimate the
true disk frequencies in an abolute sense, due to the bias introduced 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 betweenthe IRAC 5.8 and MIPS 24 bands.
As discussed in Sect. 3.2.4(1), this slope is a measure of thedisk geometry on scales of a few AU.
We have split our sample into three age bins, and have excluded sources with an SED indicative



106 CHAPTER 3

Figure 3.13: The distributions of the spectral slopes between the IRAC 3.6 and 8.0 bands, the
IRAC 3.6 and MIPS 24 bands, and the IRAC 5.8 and MIPS 24 bands for CTTSs and WTTSs
with disks.

of a transition disk. Since the special geometry of transition systems causes the 5.8µm radiation
to mostly not arise in the disk whereas the stellar photons are converted into 24µm radiation
with above average efficiency, theirα5.8−24 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 there isa large range of observed spectral
slopesα5.8−24 in each of the age bins. The median slope decreases slightly when going to larger
ages, but this effect is much smaller than the scatter within the individual age bins. Thus, while
our data do suggest the occurence of “flat” disks to increase with progressing age, they also
imply that age is not the main factor determining whether a disk has a flared or a flat geometry.
Assuming that all disks start out with a flared geometry, the rate at which dust settling turns
them into flat disks varies strongly from source to source. The uncertainties in the ages of the
individual objects are too small to explain the observed spread in the rates at which the disks
evolve, and the spread must instead be intrinsic. A prime candidate mechanism for influencing
this process is binarity (e.g. Bouwman et al. 2006), a property which we do not assess in this
work.

In Fig. 3.13 we show distributions of the spectral slopes between the IRAC 3.6 and 8.0 bands
(α3.6−8), the IRAC 3.6 and MIPS 24 bands (α3.6−24), and the IRAC 5.8 and MIPS 24 bands(α5.8−24),
for CTTSs and WTTSs with disks. For the same reason as discussedabove, we have excluded
transition disk objects. Though a large dispersion in the spectral slopes is present for both popu-
lations, the CTTSs show on average “redder” slopes than the WTTSs with disks in all the spectral
indices considered, especially forα3.6−24, andα5.8−24. A KS test toward the distributions of the
specral slopes hints thatα3.6−8 is different for both populations, with a probability ofP∼0.14 for
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CTTSs and WTTSs with disks to be drawn randomly from the same parent distribution. The dif-
ference in the other two indicesα3.6−24 andα5.8−24 is more evident, with probabilities ofP∼0.02
andP∼0.03 for both sets to be drawn randomly from the same population, respetively. Since
the infrared spectral slopes trace the disk geometry, our observations provide evidence for a cor-
relation between disk geometry evolution and accretion evolution (see also e.g. Sicilia-Aguilar
et al. 2006b). This does, however, not necessarily imply a causal connection between the two.

(d) Transition disks

The SEDs of all sample stars were visually inspected to select those that comply with the de-
scription of a transition disk given by Muzerolle (2008). Weinclude all 3 flavors of transition
disks discussed by Muzerolle (2008), see also Sect. 3.2.4(1). The SEDs are shown in Fig. 3.14,
in which we also show the best fit (reddened) model atmospheres. In Fig. 3.10(b) we show a Ks-
[5.8] vs. [8.0]-[24] color-color diagram incorporating 2MASS and Spitzer data. In this diagram,
the transition disks have been marked with+ symbols. They occupy a well defined area in the
lower right part of the diagram, outlined by the folowing borders:

[8.0] − [24] ≥ 2.5 (3.3)

Ks− [5.8] ≤ 0.56+ ([8.0] − [24]) × 0.15 (3.4)

Note that the transition objects are much more clearly separated from the rest of the population in
this diagram than in the “classical” IRAC [3.6]-[4.5] vs. [5.8]-[8.0] color-color diagram shown in
Fig. 3.10(a). In the latter diagram, the transition objectscover on average intermediate positions
between “diskless” stars and normal disks, but show a signifiant overlap with both distributions.
Stars with little or no excess emission atλ≤ 8µm but strong excess at 24µm are naturally prop-
erly identified only in the Ks-[5.8] vs. [8.0]-[24] diagram (Fig. 3.10(b)). Among the 256 stars
we identify to possess a circumstellar disk there are 28 transition disk objects, i.e. the transition
disks constitute∼11% of the disk population. Note that, Using the criteria described above, we
indentify 47 additional transition disk candidates based on their photometry. Their photometric
magnitudes at optical and infrared wavelengths are listed in Table 3.16.
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Figure 3.14: The SEDs of YSOs with transition disks in L1630Nand L1641. The photospheric
emission level is indiacted with a grey curve in each panel.
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Table 3.16: Photometric magnitudes for transition disk object candidates.

RA DEC u′ g′ r′ i′ z′ 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 05 42 56.39−08 37 45.9 ... ... 17.76± 0.01 16.26 0.01 ... 13.74± 0.02 12.87± 0.02 12.57± 0.02 12.41± 0.06 12.17± 0.06 12.27± 0.06 12.36± 0.09 8.85± 0.06
2 05 42 45.03−08 33 36.2 ... ... 20.31± 0.01 18.06 0.01 16.79± 0.01 13.26± 0.03 12.02± 0.04 11.40± 0.02 10.90± 0.06 10.96± 0.06 10.46± 0.06 10.23± 0.06 6.40± 0.06
3 05 42 30.62−08 32 55.2 ... 13.97± 0.01 12.92± 0.01 12.48 0.01 12.52± 0.01 10.82± 0.02 10.13± 0.02 9.76± 0.02 9.20± 0.06 8.92± 0.06 8.70± 0.06 8.47± 0.06 3.89± 0.06
4 05 43 13.53−08 31 00.5 ... ... 20.88± 0.01 18.70 0.01 17.25± 0.01 14.22± 0.03 12.54± 0.03 11.77± 0.02 11.21± 0.06 10.87± 0.06 10.78± 0.06 10.82± 0.06 5.90± 0.06
5 05 42 39.33−08 26 28.2 ... 17.48± 0.01 15.59± 0.01 14.57 0.01 14.05± 0.01 12.59± 0.02 11.73± 0.02 11.53± 0.02 11.39± 0.06 11.20± 0.06 10.78± 0.06 9.89± 0.06 6.38± 0.06
6 05 42 53.59−08 20 22.7 ... 19.02± 0.01 16.89± 0.01 15.72 0.01 14.72± 0.01 12.80± 0.02 11.77± 0.02 11.35± 0.02 10.88± 0.06 10.39± 0.06 10.34± 0.06 9.52± 0.06 5.68± 0.06
7 05 43 04.56−08 16 39.1 ... ... 18.92± 0.01 17.12 0.01 15.88± 0.01 13.63± 0.02 12.49± 0.03 11.94± 0.02 11.69± 0.06 11.04± 0.06 10.96± 0.06 10.07± 0.06 6.87± 0.06
8 05 42 35.59−08 15 01.9 ... 18.79± 0.01 16.98± 0.01 15.72 0.01 14.69± 0.01 13.01± 0.02 12.07± 0.02 11.69± 0.02 11.34± 0.06 11.31± 0.06 11.07± 0.06 10.66± 0.08 5.77± 0.06
9 05 42 49.78−08 12 10.2 ... 20.26± 0.01 17.80± 0.01 16.44 0.01 15.29± 0.01 13.06± 0.02 11.93± 0.02 11.56± 0.02 11.02± 0.06 11.00± 0.06 10.81± 0.06 10.42± 0.14 5.19± 0.06
10 05 42 27.56−08 05 26.0 ... ... ... 17.82 0.01 17.29± 0.01 14.62± 0.03 13.61± 0.03 13.14± 0.04 12.88± 0.06 12.59± 0.06 12.26± 0.12 11.90± 0.10 8.38± 0.06
11 05 42 47.40−08 04 05.3 ... 19.90± 0.01 17.97± 0.01 16.38 0.01 15.51± 0.01 13.72± 0.02 12.91± 0.02 12.55± 0.03 12.28± 0.06 11.55± 0.06 11.66± 0.09 10.37± 0.13 7.23± 0.06
12 05 40 13.75−08 02 59.4 ... 22.46± 0.12 20.65± 0.04 19.12 0.02 18.17± 0.03 16.15± 0.12 15.96± 0.22 15.27± 0.22 15.19± 0.06 15.04± 0.06 14.54± 0.11 13.43± 0.12 8.22± 0.06
13 05 42 29.13−07 58 29.5 ... 19.55± 0.01 17.75± 0.01 15.77 0.01 15.43± 0.01 12.95± 0.02 12.14± 0.02 11.78± 0.02 11.23± 0.06 11.31± 0.06 11.23± 0.06 11.06± 0.07 8.49± 0.06
14 05 39 46.05−07 53 00.6 22.10± 0.34 20.15± 0.02 18.41± 0.01 16.56 0.01 15.54± 0.01 13.80± 0.03 13.10± 0.03 12.83± 0.04 12.46± 0.06 12.44± 0.06 11.94± 0.06 11.45± 0.06 8.83± 0.06
15 05 42 04.41−07 51 49.8 ... ... 20.48± 0.01 18.26 0.01 17.01± 0.01 14.69± 0.03 13.88± 0.03 13.46± 0.04 12.98± 0.06 12.95± 0.06 12.82± 0.06 12.66± 0.10 8.58± 0.06
16 05 41 52.59−07 50 25.0 ... ... ... 17.38 0.01 16.73± 0.01 14.75± 0.04 14.12± 0.04 13.77± 0.05 13.23± 0.06 12.80± 0.06 12.74± 0.06 12.64± 0.09 9.21± 0.06
17 05 38 35.19−07 50 19.5 16.12± 0.01 15.48± 0.01 12.85± 0.01 12.40 0.01 13.27± 0.01 10.69± 0.02 9.97± 0.02 9.71± 0.02 9.58± 0.06 9.13± 0.06 9.09± 0.06 7.84± 0.06 4.05± 0.06
18 05 41 54.06−07 49 53.2 ... 17.64± 0.01 16.10± 0.01 14.55 0.01 14.11± 0.01 12.23± 0.03 11.45± 0.03 11.08± 0.02 10.89± 0.06 10.50± 0.06 10.52± 0.06 10.57± 0.06 6.50± 0.06
19 05 40 06.25−07 47 44.3 19.21± 0.04 17.76± 0.01 16.20± 0.01 15.15 0.01 14.45± 0.01 12.98± 0.02 12.23± 0.03 11.98± 0.02 11.74± 0.06 11.56± 0.06 11.48± 0.06 10.84± 0.06 5.96± 0.06
20 05 40 49.33−07 46 32.7 ... ... ... ... ... 17.07± 0.01 14.00± 0.02 12.40± 0.02 11.72± 0.02 11.34± 0.06 11.13± 0.06 11.03± 0.06 10.78± 0.06 5.25± 0.06
21 05 41 04.62−07 45 40.3 ... 17.44± 0.01 15.60± 0.01 14.39 0.01 13.53± 0.01 11.63± 0.02 10.67± 0.03 10.30± 0.02 10.07± 0.06 10.09± 0.06 9.87± 0.06 9.86± 0.06 6.18± 0.06
22 05 40 59.83−07 43 14.3 ... ... ... 18.10 0.01 16.78± 0.01 14.76± 0.04 14.14± 0.04 13.61± 0.06 13.16± 0.06 12.85± 0.06 12.71± 0.06 11.92± 0.08 9.12± 0.06
23 05 37 53.26−07 33 44.7 21.69± 0.18 20.20± 0.02 18.81± 0.01 17.03 0.01 15.99± 0.01 14.35± 0.04 13.80± 0.04 13.41± 0.05 12.99± 0.06 12.65± 0.06 12.50± 0.06 12.09± 0.07 9.18± 0.06
24 05 40 20.39−07 25 53.6 19.97± 0.06 17.82± 0.01 16.04± 0.01 14.91 0.01 14.22± 0.01 12.67± 0.02 11.85± 0.03 11.59± 0.03 11.59± 0.06 11.31± 0.06 11.35± 0.06 10.93± 0.07 5.96± 0.06
25 05 39 18.39−07 20 23.4 ... 24.04± 0.74 21.12± 0.07 19.41 0.03 18.23± 0.04 16.20± 0.12 15.13± 0.11 14.73± 0.12 14.33± 0.06 14.01± 0.06 13.62± 0.09 13.46± 0.29 6.91± 0.06
26 05 39 20.54−07 17 31.1 ... ... ... 20.29 0.01 ... 15.65± 0.08 14.21± 0.04 13.49± 0.05 12.92± 0.06 12.65± 0.06 12.40± 0.06 11.98± 0.10 8.00± 0.06
27 05 38 33.84−07 17 02.8 17.75± 0.01 15.79± 0.01 14.33± 0.01 13.51 0.01 12.75± 0.01 11.09± 0.02 10.36± 0.02 10.14± 0.02 9.94± 0.06 9.95± 0.06 9.79± 0.06 10.00± 0.06 7.40± 0.06
28 05 37 16.41−07 11 46.3 18.33± 0.04 17.79± 0.02 17.08± 0.01 16.79 0.01 16.04± 0.02 14.65± 0.03 13.98± 0.04 13.63± 0.05 13.00± 0.06 12.59± 0.06 12.86± 0.06 12.18± 0.10 7.78± 0.09
29 05 38 17.44−07 09 39.4 22.79± 0.54 20.25± 0.02 17.71± 0.01 15.77 0.01 14.60± 0.01 12.44± 0.02 11.26± 0.02 10.83± 0.03 10.43± 0.06 10.38± 0.06 10.05± 0.06 9.46± 0.06 4.35± 0.06
30 05 36 20.55−07 05 31.6 18.99± 0.03 16.74± 0.01 15.35± 0.01 14.39 0.01 13.72± 0.01 12.16± 0.02 11.40± 0.03 11.16± 0.02 10.78± 0.06 10.44± 0.06 10.20± 0.06 9.36± 0.06 6.50± 0.06
31 05 37 56.03−07 01 49.9 ... ... ... 21.15 0.10 18.79± 0.04 15.42± 0.07 13.76± 0.04 13.03± 0.04 12.47± 0.06 12.19± 0.06 12.05± 0.06 11.57± 0.09 8.02± 0.12
32 05 37 49.34−06 51 37.1 21.12± 0.10 18.79± 0.01 17.09± 0.01 15.52 0.01 14.58± 0.01 12.86± 0.02 12.05± 0.03 11.77± 0.03 11.45± 0.06 11.43± 0.06 11.31± 0.06 10.75± 0.07 6.62± 0.07
33 05 34 59.02−06 42 17.6 19.07± 0.02 17.34± 0.01 15.96± 0.01 14.94 0.01 14.30± 0.01 12.73± 0.02 11.94± 0.03 11.68± 0.02 11.38± 0.06 11.19± 0.06 11.13± 0.06 10.32± 0.06 7.31± 0.06
34 05 37 32.44−06 39 04.9 19.69± 0.08 17.71± 0.01 16.32± 0.01 15.09 0.01 14.41± 0.01 12.97± 0.02 12.28± 0.02 12.07± 0.03 11.99± 0.06 11.68± 0.06 11.77± 0.06 11.59± 0.13 6.88± 0.07
35 05 37 47.46−06 36 29.7 22.64± 0.37 19.68± 0.01 17.32± 0.01 15.95 0.01 14.95± 0.01 12.91± 0.02 11.84± 0.03 11.38± 0.03 10.98± 0.06 10.91± 0.06 10.70± 0.06 10.54± 0.07 6.29± 0.06
36 05 36 39.32−06 30 10.9 20.68± 0.06 18.68± 0.01 17.31± 0.01 15.74 0.01 14.85± 0.01 13.34± 0.03 12.67± 0.03 12.46± 0.03 12.14± 0.06 11.84± 0.06 11.99± 0.07 11.33± 0.17 6.70± 0.06
37 05 36 58.98−06 29 04.7 20.05± 0.05 17.76± 0.01 16.33± 0.01 14.92 0.01 14.14± 0.01 12.62± 0.02 11.88± 0.03 11.65± 0.03 11.32± 0.06 11.28± 0.06 11.13± 0.06 10.87± 0.12 6.89± 0.06
38 05 34 49.97−06 28 12.0 17.96± 0.01 15.80± 0.01 14.49± 0.01 13.82 0.01 13.36± 0.01 12.08± 0.03 11.32± 0.03 11.14± 0.02 10.98± 0.06 10.82± 0.06 10.54± 0.06 9.52± 0.06 6.49± 0.06
39 05 35 37.32−06 23 26.3 18.88± 0.03 17.13± 0.01 15.74± 0.01 14.91 0.01 13.98± 0.01 12.52± 0.02 11.88± 0.03 11.61± 0.02 11.33± 0.06 11.31± 0.06 11.23± 0.06 11.17± 0.09 5.89± 0.06
40 05 36 55.22−06 20 25.7 19.41± 0.03 17.58± 0.01 16.20± 0.01 15.04 0.01 14.38± 0.01 13.00± 0.03 12.30± 0.03 12.08± 0.03 11.88± 0.06 11.67± 0.06 11.64± 0.06 10.61± 0.07 6.64± 0.06
41 05 34 57.45−06 19 33.1 20.29± 0.04 18.03± 0.01 16.64± 0.01 15.27 0.01 14.55± 0.01 13.16± 0.03 12.40± 0.03 12.23± 0.02 11.89± 0.06 11.85± 0.06 11.75± 0.06 11.02± 0.11 6.94± 0.06
42 05 36 40.40−06 13 33.3 17.77± 0.01 16.11± 0.01 14.74± 0.01 14.52 0.01 13.48± 0.01 12.20± 0.02 11.51± 0.03 11.28± 0.02 10.97± 0.06 10.94± 0.06 10.91± 0.06 10.49± 0.07 6.13± 0.06
43 05 36 47.51−06 08 20.2 19.93± 0.05 17.69± 0.01 16.30± 0.01 15.12 0.01 14.40± 0.01 13.05± 0.03 12.36± 0.03 12.12± 0.02 11.74± 0.06 11.39± 0.06 11.50± 0.06 11.58± 0.11 6.99± 0.06
44 05 48 06.03−00 15 16.8 ... ... ... ... ... ... 17.18± 0.21 16.43± 0.24 15.43± 0.18 15.36± 0.06 15.05± 0.06 14.62± 0.09 13.29± 0.09 9.21± 0.06
45 05 47 21.50−00 08 59.6 22.74± 0.21 20.73± 0.02 19.23± 0.01 17.62 0.01 16.66± 0.01 15.18± 0.04 14.54± 0.04 14.33± 0.08 13.84± 0.06 13.74± 0.06 13.85± 0.08 13.10± 0.11 9.39± 0.06
46 05 46 40.58−00 08 10.4 ... ... ... ... ... ... 16.88± 0.01 16.19± 0.22 14.95± 0.15 14.67± 0.06 14.48± 0.06 14.09± 0.08 11.69± 0.07 9.08± 0.06
47 05 46 42.48+00 23 01.3 ... ... ... ... ... ... 16.47± 0.01 15.19± 0.09 14.36± 0.07 13.56± 0.06 13.20± 0.06 13.11± 0.07 12.73± 0.14 5.92± 0.06
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(2) Accretion signatures

Accretion characteristics are obtained from observationsof optical emission lines, in particular
the hydrogen Balmer series and the He I 5876Å line.

(a) Hα emission profiles

We observed Hα emission in 86 young stars in L1630N, and 178 objects in L1641. The vast
majority of these stars, 78% in L1630N and 88% in L1641, show symmetrical profiles with a
single peak in our observations. These have a median full width at 10% of the peak intensity of
FW10%∼270 km s−1. If we divide the sample into CTTSs and WTTSs according to theirHα EWs
(see Appendix (1)), we find that the former have broader lineswith a medianFW10%∼320 km s−1

and the latter are narrower with a medianFW10%∼230 km s−1. The limited spectral resolution of
our observations would yield aFW10%∼180 km s−1 for a line with zero intrinsic width. There-
fore, the majority of the observed Hα lines are spectrally resolved, even if in some cases only
marginally so.

About 22% and 12% of YSOs in L1630N and L1641, respectively, show broad asymmetrical Hα
lines that are easily resolved in our observations. We show normalized Hα profiles for most of
these in Fig. 3.15. The medianFW10% of these stars is approximately 500 km s−1, i.e. their Hα
lines are much broader than those of the CTTSs with symmetrical line profiles. We generally see
clear substructure in the line, mostly in the form of double-peaked emission. For comparison, we
have overplotted their Hβ profiles, which are usually similar but on occasions strikingly different
from the Hα lines. They illustrate a complex accretion geometry in which the line emission is at
least partially optically thick.

(b) Hα equivalent widths

The equivalent widths of the Hα lines we observed in our sample range from less than 1 Å
to over 300 Å. Equivalent widths of more than 3 to 20 Å (depending on spectral type) point at
active accretion and our measurements reveal a range of accretion rates spanning several orders of
magnitude (see Appendix (1) for an exact description of the Hα equivalent width threshold used
to distinguish between CTTSs and WTTSs, as a function of spectral type). Hα emission with
an equivalent width below the CTTS/WTTS threshold cannot be unambiguously attributed to
accretion activity, as it may also be caused by stellar coronal activity. While Hα emission below
the threshold may in some cases be caused by weak accretion (Sicilia-Aguilar et al. 2006b), our
purpose here is to define the EW limit above which we can be surethat the Hα emission is
dominantly accretion induced.
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Figure 3.15: Normalized Hα (solid lines) and Hβ (dashed lines) emission lines of sources that
show particularly broad and complex line profiles. Note thatthe majority of sources show single-
peaked, much more symmetric profiles.

(c) Accretion rates derived from Hα, Hβ, and He I

In Fig. 3.16(a-c) we show the accretion rates as derived fromthe Hα, Hβ, and He I equivalent
widths using the methods described in Sect. 3.2.4(2) and Appendix (2), as a function of stel-
lar mass. The uncertainties in the accretion rates were calculated from the uncertainties in the
equivalent width measurements, and assuming a 10% error in the continuum flux when convert-
ing equivalent widths to line luminosities. For the Hα EWs from the literature that did not have
published uncertainties, we assigned an error of 10% of emission-line flux. Since these diagrams
are mostly populated with the same stars, we can use them to investigate whether the derived
mass accretion rate of an ensemble of stars depends on which line is used as a diagnostic. We
have excluded stars with extinctions aboveAV=5 mag.
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Figure 3.16: (a)(b)(c): The relation between accretion rates deduced from the Hα(a), Hβ (b), or
He Iλ = 5876 (c) emission line luminosity and stellar mass for the YSOs in our spectroscopic
sample in L1630N and L1641. In panel (a), the filled circles represent the YSOs observed with
VIMOS, and the open circles show the YSOs from literature. The solid line in each figure repre-
sents the best fit power law to the observed distribution for all sources in the VIMOS sample. In
panel (a), the dashed line shows the best fit if also literature values are included. (d): the relation
between accretion rates and stellar masses for YSOs in the literature, i.e. explicitly excluding our
results (see Sect. 3.4.2). The filled circles represent YSOswith accretion rates estimated from U-
band excess emission or veiling in UV/optical spectra, the open circles represent stars for which
accretion rates were estimated from emission lines (Hα, Ca IIλ8662, Brγ, Paβ, and Paγ).

The relation between the mass accretion rate as derived fromthe Hα emission line and the stel-
lar mass is shown in Fig. 3.16(a). A linear regression in log-log space of the entire sample
investigated (including spectral types and Hα EWs from the literature), taking into account the
uncertainty in the mass accretion rate of individual objects, yields the following best fit:

LogṀacc= −7.44(±0.11)+ 2.78(±0.22)× logM∗ (3.5)

whereṀacc is the mass accretion rate inM⊙ yr−1, andM∗ is the stellar mass inM⊙. If we include
only those stars that we observed with VIMOS, the best fit remains essentially unchanged:

logṀacc= −7.50(±0.17)+ 2.7(±0.30)× logM∗ (3.6)

If we use the Hβ emission line to estimate the accretion rate, a linear regression gives a best fit
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of:

logṀacc= −7.46(±0.18)+ 3.36(±0.38)× logM∗ (3.7)

and in case of the He Iλ5876 Å emission line, we get:

logṀacc= −7.18(±0.21)+ 3.42(±0.38)× logM∗ (3.8)

Thus, within uncertainties, we find the same behavior of the accretion rate with stellar mass from
each of the three emission lines investigated. Taking simply a weighted average of the exponents
in the above relations, we find:̇Macc∝M3.13±0.34

∗ , 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 our sample shows an approximate
power law relation with the stellar mass, with an exponent of2.8−3.4. This is only an average
relation, and individual objects scatter around this relation by at least an order of magnitude.
Interestingly, the relation that we find is steeper than those found in previous work, where ex-
ponents in the range of 1.0−2.1 were found (White & Basri 2003; Muzerolle et al. 2003; Calvet
et al. 2004; Muzerolle et al. 2005; Mohanty et al. 2005; Nattaet al. 2006; Garcia Lopez et al.
2006; Herczeg & Hillenbrand 2008; Gatti et al. 2008). We willdiscuss this further in Sect. 3.4.2.

Figure 3.17: The relations between accretion rates from Hα emission luminosity and stellar ages
for YSOs in L1630N, L1641C, and L1641D. The symbol colors correspond to different stellar
masses.
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In Fig. 3.17 we show the accretion rates as a function of stellar age. In this figure, each star is
color-coded according to its mass. On the whole, we observe aclear trend of decreasing accretion
rate with increasing age. This trend is more obvious for stars below 0.5M⊙ than for the more
massive members, though. For very low mass stars (M∗<0.3M⊙), the accretion rate evolves
from ∼10−8−10−9 M⊙ yr−1 at ages below 1 Myr to∼10−9−10−11 M⊙ yr−1 at ages above 3 Myr.
Our ensemble of stars with measured accretion rates contains only 11 stars with a mass above
1.0M⊙. These all are younger than 3 Myr and have accretion rates of order 10−9− 10−11 M⊙ yr−1.
Within this sample there is no clear evidence for an evolution of accretion rate with age.

(3) Other emission lines

In addition to the hydrogen and helium emission lines, whichwere discussed in the previous
section, a number of other emission lines are frequently seen in the optical spectra of our sample
stars. These may trace accreting material, the disk surface, jets, or stellar/disk winds. In the
following paragraph we briefly recall existing knowledge concerning these lines.

Forbidden line emission in the [O I] 6300 Å line often shows a low- and a high-velocity compo-
nent. The low-velocity component may trace the disk surface(e.g. Acke & van den Ancker 2006)
or in a poorly collimated disk wind (e.g. Kwan & Tademaru 1995), whereas the high-velocity
component arises in a jet close to the star (Hartigan et al. 1995). Forbidden line emission in
the [O I] 5577Å line appears primarily as a low-velocity component (Hamann 1994; Hartigan
et al. 1995). Note that this line may suffer from terrestrial atmospheric contamination in some
cases. Forbidden line emission in the [N II] 6583 Å and 6678 Å lines usually shows up only
in the high-velocity component, tracing the unresolved stellar jet (Hartigan et al. 1995). The
Ca II near-infrared triplet (8498, 8542, and 8662 Å) often shows anomalous intensity ratios in
T Tauri stars, strongly deviating from the nominal 1:9:5 line ratio for optically thin media, with
the 8498Å line being stronger than the 8542Å line in some sources (Hamann 1994). The Ca II
triplet often shows a broad emission profile, and the line fluxes correlate strongly with the accre-
tion rate, suggesting these lines are formed in the magnetospheric infall flow (Muzerolle et al.
1998a). Forbidden emission in the [S II] line is rarely observed towards T Tauri stars due to the
low abundance of sulfur in the interstellar medium (Hartigan et al. 1995).

We examined all young stars observed with VIMOS for the abovementioned emission lines. In
Tables 3.9 and 3.10 we give an inventory of the lines detectedin the individual stars, listing their
equivalent widths. In Fig. 3.18, we compare the observed luminosities in six emission lines with
the accretion luminosities (Lacc) as derived from Hα. All lines are strongly correlated with the
accretion luminosity, but some lines show a larger dispersion around the average correlation than
others. In particular, the [O I] 5577 and 6300 Å lines show a rather large scatter. This agrees
with the notion that these lines are not directly related to the accretion process but instead arise



STAR AND PROTOPLANETARY DISK PROPERTIES IN ORION’S SUBURBS 115

Figure 3.18: The correlation between accretion luminosities and the emission luminosities of
different emission lines: (a) [O I] 5577 Å, (b) [O I]6300 Å, (c) [N II] 6583 Å, (d) He I 6678 Å, (e)
[S II] 6730 Å, and (f) Ca II 8498 Å. The accretion luminosities are calculated from Hα emission
luminosity using the formulae in Appendix (2).

in, e.g., the disk surface (see e.g. Acke & van den Ancker 2006; Fedele et al. 2008; van der Plas
et al. 2008). For these lines, the correlation between line luminosity and accretion luminosity
may simply be explained by the scaling ofLacc with stellar mass, and the fact that more massive,
more luminous stars will induce more [O I] emission in their vicinity. The He I 6678 Å line is
very strongly correlated withLacc, showing only a very small dispersion. This confirms that it is
a good tracer for accretion. The Ca II 8498 Å line only appears in objects withLacc>3×10−4 L⊙
and also shows a relatively small dispersion around the average relation. The [N II] 6583 Å and
[S II] 6730 Å lines are detected in too few sources (∼10) to properly assess how tightly they
correlate withLacc. These lines are thought to arise in jets emerging from accreting systems and
therefore their luminosities are expected to roughly scalewith Lacc. Based on our data we cannot
distinguish between such an accretion-jet relation and a simple scaling of the line luminosities
with the stellar luminosity. Note also that line emission injets depends on shocks being present,
i.e. the jet impinging on an ambient medium or having varyingoutflow rates and velocities,
causing jet-internal shocks. Thus, a relation between the luminosity of line emission from jets
and the accretion rate may be dilluted by temporal variations in both quantities, as well as by
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source to source differences in the ambient medium.

Eight of the young stars we observed show both the [S II] 6716 and 6731 Å lines. The flux
ratio of these lines provides a direct measure of the electron density. The relative intensities
(6716/6731) are identical within uncertainties, with a median ratio of 0.53, suggesting that both
[S II] lines are saturated with electron density>7×103 cm−3 (Hamann 1994).

3.3.4 Exotic objects

A natural consequence of conducting a survey in which large numbers of sources are studied,
is the discovery of objects with extreme properties. We willbriefly discuss several objects we
considered worth special attention.

(1) Subluminous objects with high emission line equivalentwidths

Three stars in L1630 (#33, #90, and #94) and one star in L1641 (#122) show exceptionally rich
emission line spectra, with the emission lines exhibiting very high equivalent widths. In addition
to the hydrogen balmer series, emission lines of He I, N II, S II, O I, O II, Ca II, Fe I, Fe II, and
Na I are identified. All these stars have strong infrared excesses in the IRAC and MIPS bands,
but generally show little or no excess in the near-infrared 2MASS bands. Their optical spectra
and SEDs are shown in Fig. 3.19.

The high equivalent widths of e.g. Hα are not due to abnormally high line luminosities, but
instead seem to be caused by reduced photospheric continuumlevels, making the lines appear
bright in contrast. We have marked these sources in the HR diagram (Fig. 3.6), and they appear
subluminous by a factor∼10 with respect to the bulk of objects of similar spectral type.

Comeŕon et al. (2003) have previously identified sources with similar properties in the Lupus 3
dark cloud. They investigated 3 possible explanations: (1)the sources are embedded, strongly
accreting Class I sources seen in scattered light; (2) they are sources with edge-on disks of which
we see the photosphere only in scattered light but the emission lines (more) directly, making
the latter appear bright in contrast; (3) they are sources inwhich strong sustained accretion
alters the pre-main sequence evolution making objects appear subluminous for their spectral
type (Hartmann et al. 1997; Siess et al. 1997).

Option (1) is excluded by Comerón et al. (2003) since Class I sources seen in scattered light
would have easily been spatially resolved in their observations, which instead revealed point
sources. In our VIMOS pre-imaging observations, stars #33 and #90 in L1630N appear as single
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Figure 3.19: The optical spectra (left panels) and dereddened SEDs (right panels) for the four
exotic stars in L1630 and L1641 (see Sect. 3.3.4(1)), and a new the FU Orionis object (ID#105
in L1641, see Sect. 3.3.4). The photospheric emission levelis indiacted with a grey curve in
each panel. The blue points represent the optical photometry from SDSS or LAICA, the yellow
points indicate 2MASS photometry, and the red points indicate Spitzer photometry.
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point sources at the resolution limit of our observations off whm∼0.′′7 (315 AU). Our image of
star #94 in L1630N is well reproduced by the sum of two point sources, suggesting that this star
is a binary at a separation of 0.′′66 (∼300 AU). The fainter component (in the R-band) is located
south-east of the brighter component at a position angle of∼109◦ E of N. We do not think that
this object is an edge-on disk seen in scattered light, sincein that case the individual “blobs” of
scattered light would be expected to be spatially resolved,given their large separation. Star #122
in L1641 appears as a point source, but has a faint, spatiallyextended “blob” of emission about
0.′′8 north of the star. This may be shock-induced Hα emission from a jet emerging from this
object. We conclude that we do not find spatially extended emission from the central sources, in
agreement with Comerón et al. (2003).

Option (2) was considered to be unlikely by Comerón et al. (2003) since there is strong evidence
from the Hα line strengths and line widths that they are formed in magnetospheric accretion
columns very close to the star. Thus, an hypothetical edge-on disk would obscure the emission
lines as much as the photospheric continuum and the equivalent widths would remain unaltered,
though the apparent under-luminosity can be explained in such a scenario. Also in our obser-
vations the balmer lines are clearly spectrally resolved and likely arise close to the central star.
Thus, we agree with Comerón et al. (2003) that edge-on disks do not provide a satisfactory
explanation of the nature of these objects.

Comeŕon et al. (2003) consider option (3) the most likely scenariofor their exotic objects. Even
though the magnitude of the “under-luminosity” in their objects is clearly larger than predicted
by theory, the models do provide a good qualitative match to the observations. Comerón et al.
(2003) argue, though, that the effect will be stronger for their sources because of the lower mass
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 the Hα and Hβ lines. Blue-shifted
absorption is observed at a range of velocities up to approximately -300 km s−1, the peak of the
Hα emission is redshifted to∼100 km s−1 (see Fig. 3.15), a typical profile of Hα emission line
from FU Orionis type stars (Reipurth et al. 1996; Fedele et al.2007). In Fig. 3.19, its optical
spectrum and SED are shown. The IR excess of this source is extraordinarily strong and the
IR luminosity exceeds the estimated stellar luminosity by afactor of&5. Emission in forbidden
transitions of [O I], [S II], and [N II], as well as permitted transitions of Fe I and Fe II are detected.
We derived a spectral type of K5.5 for this star, which compares reasonably well with an earlier
determination of K3 by Allen (1995).

The observed properties of this object provide a perfect match to those of FUOR stars, a rel-
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Figure 3.20: (a)(b): The visual extinction distribution ofour sample observed with VIMOS in
L1630N and L1641. The open histograms show the distributionof all the stars with reliable
spectral types. The filled histograms display the YSO distribution among them. (c): The visual
extinction distribution for non-members in L1630N (solid-line histogram) and L1641 (dashed-
line histogram).

atively rare class of young stars thought to undergo an accretion outburst, and whose system
luminosity is dominated by the release of gravitational energy of accreting material rather than
stellar photospheric emission. The IR excess emission constitutes an estimated luminosity of
20L⊙. Given the estimated stellar mass and radius, an accretion rate of a few times 10−6 M⊙ yr−1

is implied. The forbidden emission points at strong outflow activity.

3.3.5 Extinction

Robust extinction estimates were made for each individual object using the method outlined in
Sect. 3.2.3(2). In Fig. 3.20(a,b) we show the resulting AV distributions, distinguishing between
cloud members (shaded grey) and field stars. In Fig. 3.20(c) we zoom in on the field population.

The YSOs show a similar distribution of extinction values inboth clouds: a peak in the dis-
tribution at very low extinction (AV<1 mag) and a gradual decrease in number counts towards
higherAV. The fraction of sources with very high optical extinctions(AV>5 mag) is somewhat
higher in L1630 than in L1641, the opposite is true for sources with AV<1. The distribution
of extinction values may reflect the distribution of the young stars within the molecular cloud:
stars located “on the near side” of the cloud will on average have low extinction, whereas objects
located “on the far side” have higher extinctions. However,“local” density variations within
the cloud may affect the distribution equally well: some sources will be located behind very
dense clumps whereas others are not. Additionally, some objects may have a disk inclination
such that our sight line goes through the outer part of their flared disks, causing additional local
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“circumstellar” extinction. Remnant envelopes may have thesame effect.

The field population shows a different distribution of extinctions, best seen in Fig. 3.20(c). Also
here there is a peak atAV<1 mag, consisting of foreground objects and background objects at
relatively “clean” sight lines. In addition, there is a distribution between 1 and∼8 magnitudes of
AV. This distribution is relatively well defined in L1630N witha clear peak aroundAV=3−4 mag,
but is somewhat broader in L1641. It reflects the total columndensity of dust in the entire cloud
in the sight lines towards the respective stars. Note that inboth the YSO and field population
there is a biasagainstobjects with very high extinctions, since such objects are too faint for
optical spectroscopy.

3.3.6 Spatial distribution of YSOs in L1630N and L1641

The spatial distributions of young stars in the L1630N and L1641 clouds are shown in Fig. 3.2,
overplotted on13CO maps by Bally et al. (1987) and Miesch & Bally (1994). The positions of
(Lada) Class 0/I and Class II sources, identified on the basis of their infrared colors using the
criteria in Gutermuth et al. (2008), have been indicated with yellow asterisks and red+ signs,
respectively. The young stars included in our spectroscopic (VIMOS) sample have been marked
with blue dots. Note that these include both Class II and Class III sources.

As noted before by numerous authors (e.g. Hartmann 2002; Megeath et al. 2005a; Evans et al.
2009), the distribution of Class 0/I sources closely follows the densest parts of the molecular
cloud as traced by the13CO data, and shows a filamentary structure. The Class II sourcesare
distributed more evenly, though they also show concentrations in the densest cloud parts. The
YSOs in L1630N are mainly distributed in two clusters, whichare associated with two dense
regions of13CO molecular clouds. In L1641 the young stars are more dispersed across the whole
region, with several local concentrations. Based on their near-infrared image survey, Strom et al.
(1993) have identified 8 aggregates in this region. Since their observations do not cover the
entire L1641 region, we applied the nearest neighbor methodto the spitzer data to find the
new aggregates/clusters. With the NNM, we find 9 aggregates in L1641, named groups 1-9.
Among these, group 3 and 4 are newly identified. Groups 1, 2, 5,6, 7, 8 and 9 correspond
to the L1641 south cluster, the CK group, L1641 C, KMS 36, KMS 35,the V380 Ori group,
and L1641N, respectively, as identified by Strom et al. (1993). We do not recover the aggregate
HH 34/KMS 12 due to the small number of stars (∼5) it possesses.
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3.4 Discussion

A general goal of surveys like ours is to gain insight in the physics of disk evolution by finding
empirical relations between observable properties. In particular, we may seek for correlations
of disk geometry and accretion rate with stellar mass, age, and formation environment. An
evolution of the disk geometry and the accretion rate with age is certainly expected, as well as
a dependence of the accretion rate on stellar mass. Disk evolution is a function of stellar mass
as well, in the sense that disks around high-mass stars (approximately B type and earlier on the
main sequence) evolve faster than those around low-mass stars (e.g. Natta et al. 2000a; Alonso-
Albi et al. 2009). Whether the evolution of the disk depends onstellar mass within the low-mass
regime probed here, is not clear. The influence of the formation environmment, i.e. whether a
star formed in a clustered environment or in isolation, is a matter of debate. One may consider
how the disk evolution is affected by gravitational interactions with other cluster members and
by the strongly enhanced (far-) UV radiation field compared to interstellar space, causing photo-
evaporation of the outer disk regions. When making quantitave theoretical assessments of these
effects, one finds that the disk regions we see atλ.24µm are not noticably affected, even in
clusters of 100-1000 members (Adams 2008). The number of members in the aggregates or
clusters that we identify is usually considerably smaller (N<100), and thus, from a theoretical
vantage point, we do not expect to see a significant effect 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 clear indications of circumstellar mate-
rial in the form of infrared excess emission, as a function ofstellar mass5. For reasons outlined
in Sect. 3.1.3(3), these numbers may somewhat over-estimate the true disk frequency, but trends
with stellar mass and age remain unaffected. In Fig. 3.21 we also show the disk frequencies for
IC 348 as found by Lada et al. (2006) and Chamaeleon I as found byLuhman et al. (2008a).
For L1630N and L1641D, we find some evidence for a disk frequency thatincreaseswith stellar
mass: the increase between∼0.2M⊙ and∼1.5M⊙ is∼2σ and∼3σ for these populations, respec-
tively. For the clustered population in L1641, our data are consistent with a disk fraction that is
constant with stellar mass (the highest mass bin contains just 3 stars, of which 1 has a disk, and
the apparent decrease is not significant). The trend of increasing disk frequency with increasing
stellar mass that we tentatively identify in L1630N and L1641D is remarkably similar to that
seen by Luhman et al. (2008a) in the∼2 Myr old Chamaeleon I cloud. In the somewhat older
IC 348 (Lada et al. 2006) andσOrionis (Herńandez et al. 2007b) regions, the disk frequency

5The mass bins used are, in log(M∗/M⊙), -1 to -0.5, -0.5 to 0, and 0 to 0.5.
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is lower for the stars in the highest mass bin (see Fig. 3.21).If the behavior of increasing disk
frequency with increasing stellar mass at young ages, and a reduced disk frequency for the higher
mass stars at later times is universal, it may be naturally explained if the higher mass stars form
somewhat later than the low mass stars but subsequently dissipate their disks faster.

Figure 3.21: The disk frequency as a function of stellar massfor YSOs in L1630N (filled circles)
and L1641C (filled circles, cluster/aggregate population), and L1641D (filled circles, distributed
population), IC 348 (open diamonds, Lada et al. 2006), Chamaeleon I (open squares, Luhman
et al. 2008a). Absolute number counts are given at the top of each panel, for each mass bin.

The disk frequency as a function of stellar age is shown in Fig. 3.22 (top panel). For the dis-
tributed population in L1641 we see a constant disk frequency for the first 3−4 Myr, after which
we see a∼2σ decrease in the last age bin. In the clustered populations L1630N and L1641C we
observe a quantitatively different behavior: in the first 1−2 Myr, the disk frequency is approxi-
mately constant and consistent with that observed in L1641D, within uncertainties. In the age
bin 2−3 Myr the disk frequency is reduced by∼2σ in both the L1630N and L1641C popula-
tions. Both the magnitude and the timing of the decrease in disk frequency are strikingly similar
in L1630N and L1641C, underlining the significance of the result. The age bins above 3 Myrs
contain insufficient stars in the clustered populations to give meaningfuldisk frequencies. Our
results strongly support the notion that disk dissipation proceeds faster in objects that form in
a clustered environments than in objects that form in isolation. Qualitatively, this behavior is
expected from theory. However, given the relatively low stellar densities in the clustered envi-
ronments that we consider here, compared to dense clusters such as the Orion nebula cluster, the
magnitude of the observed effect is higher than expected (Adams 2008).
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Figure 3.22: The disk frequency as a function of age for YSOs in L1630N ( open circles)
and L1641 ( open triangles for cluster/aggregate 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 mass ofthe central star has been a
topic of considerable attention. Power law fits of the forṁMacc∝Mα∗ have yielded values in
the range 1.0−2.1 for the exponentα (White & Basri 2003; Muzerolle et al. 2003; Calvet et al.
2004; Muzerolle et al. 2005; Mohanty et al. 2005; Natta et al.2006; Garcia Lopez et al. 2006;
Herczeg & Hillenbrand 2008; Gatti et al. 2008). As shown in Sect. 3.3.3(2) and Fig. 3.16(a-c),
we consistently find a steeper exponent ofα= 2.8−3.4 from each of the three emission lines we
use as a tracer oḟMacc (Hα, Hβ, He I). The sample we investigated contains numerous stars in
the mass range of 0.1−1.0M⊙ but only very few stars more massive than the sun.

To investigate this further we gathered a large set of accretion rate estimates from the literature
(Gullbring et al. 1998; White & Basri 2003; Muzerolle et al. 2003; Hartigan & Kenyon 2003;
Calvet et al. 2004; Muzerolle et al. 2005; Natta et al. 2006; Mohanty et al. 2005; Garcia Lopez
et al. 2006; Herczeg & Hillenbrand 2008; Dahm 2008), of starsin a range of star forming regions
including Taurus-Aurigae, IC 348,ρOph,λOri, Orion OB and upper Scorpius. We estimate their
masses using their luminosities and effective temperatures, which were taken directly from the
literature, with the PMS evolutionary tracks from Dotter etal. (2008) (forM∗ ≥0.1M⊙), and
Baraffe et al. (1998) (forM∗ <0.1M⊙). From the stars discussed in Natta et al. (2006) we in-
cluded only those with confirmed spectral types and adopted their spectral types and luminosities
from Luhman & Rieke (1999).
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The result is shown in Fig. 3.16(d). The red open circles in this figure represent measurements
of the mass accretion rate derived from emission line strengths, the filled green circles repre-
sent those derived from UV excess emission and veiling of optical spectra. The usual picture
emerges: a clear trend of increasing accretion rate with increasing stellar mass, and a large scat-
ter of individual sources around the average relation. If wemake a power law fit of the form
Ṁacc∝Mα∗ , and we restrict the fit to the mass rangeM∗ ≤1.0M⊙, we find a value ofα∼2.8 for
the exponent. This is very similar to the result we have obtained from the sample studied in this
work, which covers the same mass range. If we perform the samefit over the whole mass range
plotted in Fig. 3.16(d), which includes a number of HAeBe stars, we find an exponent ofα∼2.0.
The latter value agrees with that found by previous authors.Our results indicate that the depen-
dence of accretion rate on stellar mass is not uniform over the entire mass regime, but instead is
considerably steeper below∼1 M⊙ than at higher masses (see also Hartmann et al. 2006).

Due to the dependence of the mass accretion rate on the systemage, it is important to consider
this aspect. If the stars with a mass above 1M⊙ would be significantly older than those of lower
mass, the the difference between thėMacc(R∗) in the subsolar and super-solar mass regime as seen
in Fig. 3.16(d) could be an artifact. We therefore checked what would happen if we include only
stars from Taurus-Aurigae, IC 348,ρOph, andλOri, i.e. from regions that all have an age of
.3 Myr. This yielded results that are consistent with those described above6, and thus the mass
dependence of the accretion rate that we derived is robust.

3.4.3 Ages of the different populations

In the traditional view of low-mass star formation, CTTSs evolve into WTTSs when their cir-
cumstellar disks dissipate, and WTTSs should therefore on average be older than CTTSs. Ob-
servations of various star-forming regions, however, did usually not yield evidence for an age
difference between the CTTS and WTTS population (e.g. Herbig 1998;Hartmann 2001; Herbig
& Dahm 2002; Dahm & Simon 2005), though in some cases the WTTS are indeed found to be
older than the CTTSs (Hartigan et al. 1995; Bertout et al. 2007).

The age distribution of both classes of objects is shown in Fig. 3.23(a). This figure encompasses
our entire sample of YSOs, i.e. the sources in L1630N and L1641 have been put together. The
median ages of the CTTSs and WTTSs are∼0.8 Myr and∼1.2 Myr, respectively. A KS test
reveals a relatively low probability (P∼0.03) for the WTTSs and CTTSs to be drawn randomly
from the same age distribution. The WTTSs are further dividedinto disk harboring objects with

6In a fit over the whole mass regime in which only stars from the four mentioned star forming regions were
included, we findα= 2.27, i.e. only slightly larger than in the fit including all objects in Fig. 3.16(d). This small
difference is due to the fact that the abovementioned star forming regions contain relatively fewM∗ >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 diskless. Theprobability that the WTTSs with
and without disks are drawn randomly from the same population is low (P∼0.05), whereas the
age distributions of WTTSs with disks and CTTSs are indistinguishable (P∼0.94).

Figure 3.23: Left panel: The histograms showing the distribution of ages for the WTTSs without
disks, WTTSs with disks, and CTTSs. Right panel: The distributions of ages for YSOs with
“normal” optically thick disks and transition disks.

In Fig. 3.23(b) we show the age distributions for YSOs with optically thick disks and those with
transition disks. The median ages for both populations are 0.8 Myr and 1.9 Myr, respectively,
and the transition disks thus are on average clearly older. AKS test yields a very low probability
(P∼0.003) for the stars with normal optically thick disks and the transition objects to be ran-
domly drawn from the same population. In contrast, the age distributions of the WTTSs without
disks and the transition objects are indistinguishable (P∼0.53 in a KS test).

Transition disk objects are on average older than the normaldisk population. This suggests that
disk-binary interaction and gravitational instabilitiesin the disk are not the dominant mechanisms
causing a transition disk appearance, as these mechanisms would take effect from the earliest
stages and would not lead to an “old” transition disk population.

3.4.4 Median SEDs

In Fig. 3.24 we show the median SEDs of the YSOs in our sample that are surrounded by “nor-
mal” optically thick disks, defined as those havingαIRAC≥-1.8 (Lada et al. 2006). We also show
the SEDs of sources classified as having transition disks. Following Lada et al. (2006), we divide
the sample in six spectral type bins. We also show the median SEDs of the∼2-3 Myr old cluster
IC 348 from Lada et al. (2006) with dotted curves, of the∼1-2 Myr old distributed population in
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Taurus (Furlan et al. 2006) with solid curves, and the∼5 Myr old population in upper Scorpius
(Dahm & Carpenter 2009b) with dashed curves. For the cluster IC 348, Lada et al. (2006) only
presents ’observed’ SEDs. We determine reddening by fittingmodel atmospheres of correspond-
ing spectral types to the observations in optical bands. Thederived visual extinctions are around
1-3 mag for different spectral types. Note that the Taurus median SED coversspectraly types
K4-M2 without distinguishing between various sub types, the upper Scorpius SEDs distinguish
only between spectral types earlier and later than M2.

Figure 3.24: Median SEDs of the stars with optically thick disks in L1630N, L1641C and
L1641D. We also plot the median SED of the transition disks, as well as those of the IC 348
(dotted line, 2-3 Myr, Lada et al. 2006), Taurus (solid line,1-2 Myr, Furlan et al. 2006), and
upper Scorpius (dashed line,∼5 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 L1630N, L1641C and L1641D are
identical within errors at all wavelengths and for all spectral types, except for a marginal (∼2σ)
difference at 24µm for the K6-M0 spectral bin. These SEDs are also indistinguishable from the
population in IC 348 and Taurus. The transition disk SEDs areclearly different, and closely
resemble the median SED of upper Scorpius.

The excess emission of the optically thick disks in the IRAC bands is a function of spectral type,
with the excess being strongest for the K-type stars and becoming progressively weaker towards
later spectral types. This trend is fully consistent with that found by Lada et al. (2006) in IC 348.
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The transition disk sources show an opposite trend: the IRAC excess is lowest at the early spectral
types but becomes noticably stronger at spectral types later than M4. The combined effect is that
for spectral types later than M4, the discrimination between stars classified as having optically
thick disks and those having transition disks is no longer obvious. The MIPS 24µm excess of the
transition disks is only slightly smaller than that of the optically thick disks for the early spectral
types and equal within uncertainties for the later spectraltypes.

3.4.5 Star formation modes in L1641

With the Spitzer data, we have found 9 aggregates/clusters in L1641, which include 31±3% of
YSOs identified by four IRAC bands. We have classified the YSOs identified by Spitzer into class
0/I or class II types. Among them, 58±5% of class 0/I sources and 79±6% of class II sources are
formed in isolation. The high fraction of class 0/I sources in the distributed population suggests
that most stars in L1641 are formed in isolation, since theseclass 0/I sources are very young
(less than 0.5 Myr, Evans et al. 2009), and cannot leave theirparental molecular cloud given the
typical stellar velocity dispersion of in the Orion molecular cloud complex of∼1 km s−1 (Strom
et al. 1993).

In our sample, YSOs formed in aggregates/clusters account for 31±3% of all YSOs in L1641,
consistent with previous estimates of, e.g.,∼30% (Strom et al. 1993), or 25-50% (Allen 1995).
The median age for YSOs in aggregates/clusters is 1.1 Myr, which is similar to the median
age (∼ 1.2 Myr) for the distributed populations. A Kolmogorov-Smirnov (KS) test yields no
statistically significant difference betweeen the age distributions of both populations (P∼0.3)
and we thus find no evidence for a different star formation history between the clustered and
distributed populations.

We divide the agesτ of our sample into three bins, i.e.,τ≤ 1 Myr, 1 Myr≤ τ <3 Myr, and
3 Myr≤ τ <10 Myr. For each age bin, we compute the fraction of stars thatresides in the dis-
tributed population, and plot these in Fig. 3.25. We obtain an additional point in this diagram
at the youngest ages by including the class 0/I sources identified from the Spitzer data and as-
signing an age of less than 0.5 Myr to these (Evans et al. 2009). The resulting fractions of
YSOs in the distributed population are 58±6% for objects younger than∼0.5 Myr (the class 0/I
sources), 65±8% for stars younger than 1 Myr (class II sources), 69±9% in the interval 1−3 Myr,
and 77±13% in the interval 3−10 Myr. These fractions are equal within the uncertainties of the
individual points. However, a slight trend of an increasingfraction in the distributed population
with increasing age is seen. This suggests that the older, unbound aggregate/cluster population
is slowly spreading into the distributed population. We note, however, that this effect is too
small to produce significant differences in the average age of the aggregate/cluser and distributed
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Figure 3.25: The fractions of distributed population in L1641 at different age bins.

populations, and that most of the stars that we see in isolation were formed in isolation.

3.4.6 Accretion in transition disks

Najita et al. (2007) have compiled the properties of a dozen transition disks in the Taurus-Aurigae
star foming region from the literature, studying in particular the accretion rate and the disk mass.
They find that, in comparison to other stars of similar age, objects harboring transition disks have
a∼10 timeslower median accretion rate and a∼4 timeshighermedian disk mass. These results
suggest an important role for forming jovian planets in the evolution from optically thick disks to
transition objects: if a planet is massive enough it will open a gap in the disk, after which the disk
region interior to the planet is quickly drained by viscous evolution and the accretion rate onto the
central star drops. Since massive giant planets may form more easily within massive disks, this
scenario would explain both the lower median accretion rates and the higher median disk masses
of transition objects. Note, though, that based on SMA observations of a sample of transition
disks, Cieza et al. (2008) find that the inner disks only start to be cleared out after the outer disk
has been significantly dissipated. These observations therefore argue for photo-evaporation to be
the dominant processes driving disk evolution.

In our spectroscopic sample there are 28 transition disks distributed over the L1630N and L1641
clouds, of which 23 have estimated Hα equivalent widths. We compare their Hα EWs with
those of the other YSOs in Fig. 3.26. Among the transition disks, 26±11% (6 out of 23) show
“strong” accretion activity, here defined as having an Hα equivalent width of more than 2 times
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Figure 3.26: The top panels: The Hα EWs vs. spectral type for YSOs in the three populations
discussed in this work. The filled circles are for YSOs with optically thick disks, open circles for
YSOs with optically thin disks, asterisks for YSOs with transition disks, and triangles for YSOs
without disks. The solid line is the boundary between WTTSs and CTTSs (see Appendix (1)).
The bottom panels: the distribution of logarithmic ratio between the observed Hα EW and the
EW threshold, which used to classify the YSOs into CTTSs or WTTSs for the corresponding
spectral type, for three population: YSOs with optically thick disks (filled histogram), YSOs
with transition disks (solid-line histogram), and YSOs without disks (dashed-line histogram).
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the EW threshold used to distinguish between CTTSs and WTTSs (see Appendix (1)). In the
stars surrounded by optically thick disks this fraction is 57±6%, and thus there are significantly
fewer strong accretors among the transition disks. However, among the transition disks that
do show active accretion (Hα EW above the WTTS/CTTS threshold7), the median accretion
rate is 3.0×10−9 M⊙ yr−1, which is very similar to the median accretion rate of the CTTSs with
optically thick disks in our sample:∼4.0×10−9 M⊙ yr−1. Note that Najita et al. (2007) find a
median accretion rate of 3.2×10−9 M⊙ yr−1 for their transition disks, which is consistent with
the value we find. However, Najita et al. (2007) find a much higher median accretion rate of
∼2.5×10−8 M⊙ yr−1 for the optically thick disk-harboring CTTSs in the Taurus-Aurigae region
than we find for our Orion sample (∼4.0×10−9 M⊙ yr−1). The latter value is consistent with the
“typical” accretion rate of young T Tauri stars of∼3×10−9 M⊙ yr−1 (Gullbring et al. 1998; White
& Basri 2003; Muzerolle et al. 2003), and is also in perfect agreement with the findings of Sicilia-
Aguilar et al. (2009, in prep.) who find a median accretion rate of 2-3×10−9 M⊙ yr−1 for both the
young stars with optically thick disks and those with transition disks in Trumpler 37.

In summary, we find that the fequency of accreting stars is lower among transition disk objects
than among stars with optically thick accretion disks, but the median 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 yield accurate “pencil-beam” estimates of the
integrated extinction through the whole cloud. The extinction can be converted into estimates of
the dust column density along each sight line. The angular scale probed by each measurement
is simply the angular diameter of the respective backgroundstar, and will typically be of order
10−2 milli-arcseconds. The millimeter13CO data yield estimates of the gas surface density at
a spatial resolution of 1.′7 (Miesch & Bally 1994). Thus, we get two measures of the surface
density of the molecular cloudΣcloud, at vastly different spatial resolutions. The comparison of
both yields information on the clumpiness of the regions probed: both column density measures
will correlate well in the case of a homogeneous medium, whereas they will correlate poorly if
the medium shows strong substructure on scales below the resolution of the millimeter data. A
number of authors have studied similar correlations between pencil beam extinction estimates,
usually based on near-infrared photometry, and tracers of the gas density (C18O, 13CO, CS, e.g.
Lada et al. 1994; Kramer et al. 1999; Alves et al. 1999), and found evidence for a clumpy cloud
structure.

7We remind the reader that Hα emission with an EW below the CTTS/WTTS threshold cannot be unambiguously
attributed to accretion, and we therefore exclude the WTTSs from the current comparison.
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Figure 3.27: The correlation between13CO intensity and extinction estimated from the non-
members in L1630N and L1641. The dashed line shows the best linear fit in L1630N, in the
regime AV>2 mag where CO is detectable. In L1641 the scatter in the distribution is much
larger, and we only overplot the relation found in L1630N forreference.

The direct comparison of both measures ofΣcloud depends on a number of assumptions: (1) the
dust properties are homogeneous across the molecular cloud; (2) the gas to dust ratio is uniform;
(3) CO freeze-out is not important in the regions probed; (4) the molecular tracer is optically thin
in the regions probed. Since our sample contains only sight lines with relatively low extinction
(AV.10 mag, with only a handful of objects withAV>7 mag), the13CO line remains optically
thin, and we do not cover dense cores in which CO freeze-out occurs. Rather than the dense
regions, which are known to show strong density enhancements on small scales (e.g. Lombardi
et al. 2006), we trace the low density regions that surround the cores.

In Fig. 3.27 we show the relation between our pencil beamAV measurements and the13CO in-
tensities from Bally et al. (1987); Miesch & Bally (1994) interpolated at the same positions for
L1630N and L1641. Apart from a few obvious outliers, we find a fairly tight correlation between
both quantities in L1630N. In L1641, the correlation is muchworse. A linear fit to the13CO
intensity as a function ofAV, within the range 3 mag≤AV ≤ 10 mag, yields the following relation
in L1630N:

I13CO = (−8.88± 1.50)+ (3.38± 0.31)× AV (3.9)
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This fit yields zero13CO intensity forAV≈2 mag, which is expected since at extinctions below
this value CO is dissociated by the interstellar UV radiationfield.

Since the L1630N and L1641 are at approximately the same distance, the millimeter data have
the same physical resolution of∼0.2 pc. Our observations therefore suggest that the low density
medium in L1630 shows relatively little substructure at these scales, whereas the L1641 medium
has a substantial amount of such inhomogeneities.

3.5 Summary

We have performed a large optical spectroscopic and imagingsurvey of the L1630N and L1641
star-forming clouds in Orion. We combined our data with optical and infrared imaging data
from the literature. The optical spectroscopy and photometry allow accurate determination of
the stellar effective temperature, luminosity, and line of sight extinction through model atmo-
sphere fitting. Mass and age estimates of individual objectswere obtained by placement in the
Hertzsprung-Russell diagram. Accretion rates were estimated from optical emission lines (Hα,
Hβ, He I). The infrared photometry provides good measures of the IR excess emission, from
which the evolutionary state of the disk can be deduced. In total we investigated 132 YSOs in
L1630N and 267 in L1641, of which 65 and 117 were newly identified in the respective clouds.

Our survey products are threefold: (1) a list of identified YSOs with spectral types, optical and
infrared magnitudes, equivalent widths of a number of emission lines, estimates of the stellar
mass/age, an SED based disk classification, estimates of the accretion rate, and line of sight
extinction (399 sources); (2) a list of unrelated field objects, mostly background stars, with pho-
tometric magnitudes, spectral types, and line of sight extinction (179 sources); (3) a photometric
catalog with optical and infrared magnitudes of all sourcesdetected in both wavelength regimes
(21694 sources).

The young stars in L1630N predominantly formed in 2 clusters, whereas in L1641 some stars
live in clusters (or rather “aggregates”) and some in a distributed population. We distinguished
between these populations using the nearest neighbor method, and identify two previously un-
known aggregates in L1641.

Based on the infrared SEDs we divided the young stars into objects with still full blown opti-
cally thick disks, optically thin disks, transition objects, and diskless stars. We find that the disk
frequency does not strongly depend on the mass of the star, with some evidence for an increasing
disk frequency with increasing stellar mass. The disk frequency decreases with age, and does
so earlier in clustered environments than in the distributed population. The latter is not expected
from a theoretical vantage point, given the low densities and small sizes of the clusters/aggregates
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under consideration. Our data yield no evidence for a substantial age difference between the
aggregate and distributed populations, and the possible difference in disk dissipation time scales
between both populations requires further investigation.In our spectroscopic sample we iden-
tified 28 transition disks, of which 20 were previously unknown. Moreover, we identified 47
additional transition disk candidates based on photometric measurements only.

We estimated accretion rates from the equivalent widths of the Hα, Hβ, and He I 5876Å lines.
The mass accretion rate show a clear dependence on stellar mass, with individual objects showing
a large scatter around the average relation. When making power law fits of the formṀacc∝Mα∗
we find values in the range of 2.8−3.4 for the exponentα, which is steeper than the range 1.0−2.1
found by previous authors. We compiled an independent set ofmass and accretion rate estimates
from the literature. We find that over the whole mass range of∼0.05−5.0M⊙ we obtainα∼2.0,
consistent with previous work. If we limit the fit to the mass rangeM∗ .1.0M⊙, i.e. the range
occupied by our sample, the literature data yieldα∼2.8, which is consistent with our results.
Thus, we show that the dependence of the accretion rate on stellar mass is not uniform, but
instead is steeper at subsolar masses than above∼1 M⊙. We find a general decrease of accretion
rate with age, which is less evident for the stars in our highest mass bin (M∗>1.0M⊙), possibly
due to low number statistics.

The WTTSs are on average older than the CTTSs in our sample, but both populations show a
large intrinsic scatter in their age distributions. The WTTSs with IR excess, emission indicative
of a circumstelar disk, have the same average age as the CTTSs whereas apparently diskless
WTTSs are on average older. The age distributions of transition disk objects and WTTSs without
disks are indistinguishable, and they are on average older by a factor of&2 than the CTTSs.

For L1641 we investigated what fraction of stars exist in thedistributed and clustered popula-
tions. Our data suggest that the fraction of stars in the distributed population increases with age,
from ∼60% at≤0.5 Myr to∼80% at>3 Myr, though at our current statistics this effect is.2σ
and should be further investigated.

We find that among the stars with transition disks there are significantly fewer strong accretors
(26±9%) than among stars with optically thick disks (57±6%). We find that the median accretion
rate of those transitional objects that are actively accreting is similar to that of accreting stars with
normal optically thick disks. This agrees with recent results in Trumpler 37 (Sicilia-Aguilar et
al. 2009, in prep.), but is in contrast to earlier results forthe Taurus-Aurigae region, in which
transition disks were found to have a∼10 times lower accretion rate than objects with normal
optically thick disks (Najita et al. 2007). Note that the median accretion rate we derived for the
Orion TDs is consistent with that found in the Taurus TDs, butthat the median accretion rate
derived for stars with normal optically thick disks is much higher in Taurus, and that this causes
the aformentioned discrepancy.
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We find one previously unknown object whose characteristicsstongly suggests it is an FU Orionis
star. Its bolometric (infrared) luminosity exceeds the estimated stellar luminosity by a factor&5,
and it shows P-Cygni profiles in both Hα and Hβ. Furthermore we identified four objects with
apparently under-luminous photospheres for their spectral types which show very rich emission
line spectra with very high equivalent widths. Such objectswere found before (Comerón et al.
2003), who suggested that these objects are pre-main sequence stars whose evolution has been
altered by strong accretion. Such stars would be less massive and less luminous than other stars
of similar age and spectral type. The strong accretion and associated outflow activity yields the
rich emission line spectrum.

By comparing molecular cloud column density estimates fromAV measurements of background
stars (spatial resolution∼0.005 AU) and13CO intensity maps (spatial resolution∼45000 AU or
0.22 pc) we find that the low density medium in which the star forming cores are embedded
shows significant substructure on scales of∼0.2 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 separateClassical T-Tauri Stars (CTTS) from
Weak-Line T-Tauri Stars (WTTS). Our classification scheme isa refined version of that of White
& Basri (2003). Our basic method is very simple: we select a large number of young stars from
the literature that show no evidence for a significant near-infrared excess, i.e. their (inner) disks
have already dissipated. The vast majority of these willnot be actively accreting, though the
sample will contain some objects that do still accrete. We then inspect the Hα equivalent widths
of all objects and, as a function of spectral type, define the region that contains the bulk of objects
as the WTTS domain.

CTTSs are distinguished from WTTSs based on the equivalent width of the Hα emission line.
CTTSs show relatively strong, often broad Hα emission lines that are attributed to active accre-
tion. WTTSs exhibit weaker and narrower Hα lines which do not point at active accretion, but
instead appear to have their origin in chromospheric activity. White & Basri (2003) use accretion-
induced veiling of optical spectra to distinguish CTTSs and WTTSs, and classify a T Tauri star
as a CTTS if EW(Hα)≥ 3Å for K0-K5 stars, EW(Hα)≥ 10Å for K7-M2.5 stars, EW(Hα)≥ 20Å
for M3-M5.5 stars, and EW(Hα)≥ 40Å for M6-M7.5 stars. The EW(Hα) threshold significantly
increases with spectral type due to the substantial decrease of the photospheric continuum level
near the Hα line in cool stars.

We collected PMS stars from the literature and distributed in different star-formation regions,
i.e. Ophiuchus, Lupus (Cieza et al. 2007), Taurus (Luhman et al. 2006,Gudel et al. 2007),Tr37,
NGC7160 (Sicilia-Aguilar et al. 2005, 2006a), L1630N, L1641(this chapter), NGC2264 (Dahm
& Simon 2005; Cieza & Baliber 2007), NGC2362 (Dahm 2005; Dahm & Hillenbrand 2007),λ
Orionis cluster (Barrado y Navascués et al. 2007), Orion OB1 association (Briceño et al. 2005,
2007; Herńandez et al. 2007a), Chamaeleon II (Alcalá et al. 2008; Spezzi et al. 2008),σOri
cluster (B́ejar et al. 1999; Barrado y Navascués et al. 2003; Sacco et al. 2008; Hernández et al.
2007b), Coronet cluster (Sicilia-Aguilar et al. 2008), IC 348 (Luhman et al. 2003; Lada et al.
2006), Serpens cloud core, and NGC 1333 (Winston et al. 2007,2009). In Taurus, some PMS
stars have multiple measurements of the Hα EW, in which case we used the average value.

In total, we obtained a sample of 536 stars with no or weak infrared excess by constraining|[3.6]-
[4.5]|≤0.2,and|[5.8]-[8.0]|≤0.2. The inner disks around these stars have been mostly cleared and
the bulk of these objects will no longer be actively accreting. In Fig. 3.28, we show their [5.8]-
[8.0] vs. [3.6]-[4.5] color-color diagram (left panel) andthe distribution of Hα equivalent widths
as a function of spectral type. We find that there is a quite clearly defined border between the
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Figure 3.28: Left panel:Spitzer [5.8]-[8.0] vs. [3.6]-[4.5] color-color diagramsfor YSOs with
no or little infrared excess in different regions, i.e. Ophiuchus, Lupus, Perseus (Cieza et al. 2007),
Tr37, NGC7160 (Sicilia-Aguilar et al. 2005, 2006a), L1630N,L1641 (this chapter), NGC2264
(Dahm & Simon 2005; Cieza & Baliber 2007), NGC2362 (Dahm 2005; Dahm & Hillenbrand
2007),λOrionis cluster (Barrado y Navascués et al. 2007), Orion OB1 association (Briceño et al.
2005, 2007; Herńandez et al. 2007a), Chamaeleon II (Alcalá et al. 2008; Spezzi et al. 2008),
σOri cluster (B́ejar et al. 1999; Barrado y Navascués et al. 2003; Sacco et al. 2008; Hernández
et al. 2007b), Coronet cluster (Sicilia-Aguilar et al. 2008), IC 348 (Luhman et al. 2003; Lada
et al. 2006), Serpens cloud core, and NGC 1333 (Winston et al.2007, 2009)..Right panel:the
relation between spectral types and EW(Hα) for stars in the left panel. The dashed lines show
the criteria that White & Basri (2003) used to distinguish CTTSsand WTTSs. The grey-shaded
area outlined by the solid line represents our refined criteria to classify CTTSs and WTTSs.

“bulk” of sources and the “outliers” with high EW. We interpret the former sources to be WTTS
where the Hα emission arises in an active chromosphere, whereas the latter sources are still
actively accreting, despite there weak or absent near-IR excess. 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 criteria fordistinguishing between CTTSs and
WTTSs by White & Basri (2003), with dashed horizontal lines. We can see that these criteria
are not stringent enough to describe the boundary between the “bulk” and “outlier” objects, in
particular many of the “outlier” objects of late-M spectraltype would be classified as WTTSs
according to these criteria. We propose more stringent limits to separate WTTSs from CTTSs:
we consider a star to be a CTTS if EW(Hα)≥ 3Å for K0-K3 stars, EW(Hα)≥ 5Å for K4 stars,
EW(Hα)≥ 7Å for K5-K7 stars, EW(Hα)≥ 9Å for M0-M1 stars, EW(Hα)≥ 11Å for M2 stars,
EW(Hα)≥ 15Å for M3-M4 stars, EW(Hα)≥ 18Å for M5-M6 stars, and EW(Hα)≥ 20Å for M7-
M8 stars. Our newly defined boundary is illustrated in the right panel of Fig. 3.28 by the solid
line and grey-shaded area.
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(2) Relations between emission line luminosity and accretion luminosity

In this appendix we derive the relations between the luminosity in several optical emission lines
and the total accretion luminosity as measured using diagnostics that are independent of those
lines. Both the line luminosities and the total accretion luminosities are adopted from the quoted
papers.

Figure 3.29: The relations between accretion luminosity and emission line luminosity. The solid
lines show the best power law fits to the respective distributions.

(a) Hydrogen emission lines

We collected YSOs with measured Hα emission line luminosities and accretion luminosities
from the literature (Gullbring et al. 1998; Dahm 2008; Herczeg & Hillenbrand 2008) and plotted
these in Fig. 3.29. A resulting least squares fit to this distribution yields the following relation:

log(Lacc/L⊙) = (2.27± 0.23)+ (1.25± 0.07)× log(LHα/L⊙) (3.10)

Similarly, we collected YSOs with measured Hβ emission line luminosities and accretion lumi-
nosities from the literature (Gullbring et al. 1998; Herczeg & Hillenbrand 2008). The best fit
relation in this case becomes:

log(Lacc/L⊙) = (3.01± 0.19)+ (1.28± 0.05)× log(LHβ/L⊙) (3.11)
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(b) Helium emission line

We collected YSOs with measured He I emission line luminosities and accretion luminosities
from the literature (Dahm 2008; Herczeg & Hillenbrand 2008). In this case, the best fit reads:

log(Lacc/L⊙) = (5.20± 0.38)+ (1.42± 0.08)× log(LHe Iλ5876/L⊙) (3.12)
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The influence of nearby massive young stars on the evolution of circumstellar disks is still not
well understood. Spitzer observations have revealed a clear anti-correlation between the frequen-
cies of circumstellar disks and the presence of massive stars in these clusters (e.g., NGC 2244,
NGC 6611 Balog et al. 2007; Guarcello et al. 2009). UV irradiation by hot, massive stars causing
photoevaporation of disks around neighboring lower mass young stars is a favored mechanism
to explain the observed low disk frequencies near massive stars. In addition, massive stars pref-
erentially reside in the centers of clusters (Zinnecker & Yorke 2007) where stellar densities are
extremely high. In such environments stellar encounters, causing gravitational interaction be-
tween the circumstellar disks and nearby cluster members, are proposed to play a role in disk
dissipation (Pfalzner et al. 2006; Olczak et al. 2010). The relative importance of both mecha-
nisms for the dissipation of circumstellar disks is not wellconstrained. Young clusters harboring
very massive stars need to be studied to shed light on this issue, Pismis 24 constitutes a well
suited example of such clusters.

Pismis 24 is located in the Sagittarius spiral arm and contains dozens of massive OB-type stars,
with two extremely luminous members: Pis 24-1 (O3 I) and Pis 24-17 (O3.5 III) (Massey et al.
2001). High-resolution observations have resolved Pis 24-1 into a compact hierarchical triple
system consisting of Pis 24-1 NE (unresolved spectroscopicbinary) and Pis 24-1 SW (Maı́z
Apellániz et al. 2007). Pis 24-1 NE and Pis 24-1 SW have an estimatedmass of around 100M⊙
each. The distance to Pismis 24 has been estimated in different ways. Wilson et al. (1970)
derive a kinematic distance to Pismis 24 of 1.0±2.3 kpc. Neckel (1978) obtain a distance of
1.74±0.31 kpc to Pismis 24 using a color-magnitude diagram. Employing the spectroscopic par-
allax method, Massey et al. (2001) derive a distance of 2.56±0.10 kpc for Pismis 24. In the
current work we re-address the distance to Pismis 24 based onthe positions of the most massive
members in the Hertzsprung-Russell diagram (see Sect. 4.2.2(1)) and find that the most likely
distance is 1.7 kpc. We adopt this value throughout the current chapter.
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Our inventory of the stellar content of Pismis 24 has long been limited to the massive members
(Wilson et al. 1970; Massey et al. 2001). Observations with the Chandra X-ray telescope have
dramatically improved this situation and allowed hundredsof lower mass members to be identi-
fied (Wang et al. 2007). A total of 779 X-ray sources have been found in the Pismis 24 region,
of which 616 sources have associated optical or infrared counterparts. With an estimated age of
∼1 Myr (Massey et al. 2001) Pismis 24 is an extremely interesting laboratory for investigating
the circumstellar disk evolution, with the similarly old Orion Nebula Cluster as a local reference.

The Pismis 24 cluster resides within NGC 6357, a large complex of extended nebulosity. Within
NGC 6357 there are three known HII regions at different evolutionary stages: G353.2+0.9,
G353.2+0.7, and G353.1+0.6 (Felli et al. 1990). G353.2+0.9, located near the Pismis 24 cluster,
is the youngest and brightest region and was further resolved into three compact H II regions
using the high-resolution VLA observations (Felli et al. 1990). Between G353.2+0.9 and the
Pismis 24 cluster there is an ionization front shielding thecloud material from most of the UV
photons emitted from massive stars in the cluster. It is therefore possible that G353.2+0.9 is ion-
ized by its own, internal sources (Felli et al. 1990). Indeed, infrared observations have revealed
several embedded objects in G353.2+0.9 (Persi et al. 1986; Felli et al. 1990; Wang et al. 2007).
G353.1+0.6 is a more evolved H II region which is expanding and interacting with molecular
cloud material on its northern side (Felli et al. 1990; Massiet al. 1997). G353.2+0.7 is the most
evolved and diffuse H II region and shows no compact components (Haynes et al.1979; Felli
et al. 1990).

A dust continuum emission survey at 1.2 mm has revealed 163 dense cores in the NGC 6357
region, of which 16 have masses above 200M⊙ (Muñoz et al. 2007; Russeil et al. 2010). Follow-
up observations searching for molecular line emission in 42high-mass dense cores (≥100 M⊙)
show that all of them belong to the NGC 6357 complex. Among these, 15 dense cores were
identified as starless cores (Russeil et al. 2010).

In this chapter we will first investigate the star formation activity in the NGC 6357 complex as
a whole, and then focus on the stellar and disk properties of the members of the central cluster
Pismis 24. We arrange this chapter as follows. In section 4.1we describe the observations and
data reduction. In section 4.2 we present our results which are then discussed in section 4.3. We
summarize our effort in section 4.4.

4.1 Observations and data reduction

This study is based on a large collection of observational data. We use photometric data at
optical, infrared and X-ray wavelengths, as well as spectroscopy in the 4800 to 10000 Å range.
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Figure 4.1: The FOVs of different observations used in this chapter. The background:
8.0 µm(GLIMPSE). The FOVs of our deep IRAC imaging are shown with the dash lines ([3.6]
and [5.8] bands) and dash-dotted lines ([4.5] and [8.0] bands). The dotted lines present the FOV
of the Chandra X-ray observation. The solid lines show the FOVs for VIMOS imaging and
spectroscopy. The central grey filled regions show the were covered with HST observations.

The field of view (FOV) for each of the individual datasets is shown in Fig 4.1.

4.1.1 Infrared photometry

Near-infrared photometry in the J, H, and Ks bands was taken from the Two-Micron All Sky
Survey (2MASS Skrutskie et al. 2006). Mid-infrared photometry at 3.6, 4.5, 5.8, and 8.0µm
obtained with the Spitzer Space Telescope IRAC camera (Fazioet al. 2004) was taken from
the the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE I Benjamin et al.
2003) survey, and supplemented with our own deep observations (Program ID 30726) in the
central cluster regions.
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(1) GLIMPSE survey

The GLIMPSE I survey covers the galactic plane (10◦ < |l| <65◦, |b| <1◦ ) with imaging in the
four IRAC bands (3.6, 4.5, 5.8, and 8.0µm). We adopted the photometry of all the point sources
in NGC 6357 complex as given in the GLIMPSE catalog, with photometric uncertainties below
0.2 mag in all four IRAC bands.

(2) Deep IRAC imaging of the central Pismis 24 region

We have performed deep observations towards the Pismis 24 cluster with the Spitzer IRAC cam-
era. The observations have been done on September 29, 2006, with exposure times of 0.4 s and
10.4 s. We performed PSF photometry using the IDL codes described in Chapter 3. We compared
our photometry with the values given in the GLIMPSE catalogue for common sources and found
small systematic differences between both data sets of -0.04, -0.007,-0.04,-0.1magnitudes in the
[3.6], [4.5], [5.8], and [8.0] bands, respectively. These difference may be due to the slightly
different psf-fitting models. We applied the corresponding scaling factors to our deep imaging
such that it has the same absolute flux levels as the GLIMPSE data.

4.1.2 Optical photometry

We have imaged the cluster Pismis 24 in the R and I-band filtersusing the Visible Multi-Object
Spectrograph (VIMOS, LeFevre et al. 2003) at the ESO VLT. TheR-band observations were
performed on 2008 April 1 and 6, and the I-band observations were done on 2008 May 1. In
order to increase dynamic range we took the images with five exposures (1, 14, 45, 150, and 300
seconds) for every pointing. We performed standard data reduction for optical imaging consisting
of bias subtraction and flat-fielding. We then performed PSF photometry on the reduced images,
taking into account that the PSF shows substantial variations in shape over the VIMOS FOV.
Instead of using a single PSF for a given observation, we divided each image into 16 sub-regions.
In each sub-region we extracted a PSF model from the isolatedstars, and used it to do PSF fitting
for each star in the sub-region. For every star that was detected in multiple exposures of different
integration time, we adopt the photometry from the longest exposure in which the peak level of
the star remains in the linear regime of the CCD. We calibrated the R-band photometry using
observations of the standard fields SA 110 (for data taken on 2008 April 1) and Rubin 149 (for
data taken on 2008 April 6). The I-band photometry was calibrated 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 Array ofthe Advanced CCD Imaging Spec-
trometer (ACIS-I) mounted on the Chandra space telescope. In this region, 779 X-ray sources are
detected (Wang et al. 2007). In this chapter, we match X-ray sources to the sources detected in
VIMOS R and I bands based on positional coincidence, using a 1.′′5 tolerance. The photometry in
9 bands between 0.55 and 9µm for counterparts of X-ray sources are listed in Table 4.1. Since
Pismis 24 is located in the direction of the galactic center the density of unrelated background
sources is high, which complicates establishing cluster membership. In this work, we will use
X-ray emission as the identification of the membership of thecluster. With this selection crite-
rion, some intermediate-mass members with spectral types mid-B to A could be missing in our
sample due the absence of X-ray emission from them (Wang et al. 2008).

Since the central regions of the Pismis 24 cluster have a highspace density of sources and the
accuracy of the optical and X-ray positions is limited to typically 0.′′6 and 1.′′0, respectively,
matching the optical and X-ray positions requires care. Choosing a large matching radius en-
sures that all real optical and X-ray pairs are matched but may also result in substantial numbers
of “false positives”, i.e. a match between physically unrelated optical and X-ray sources. Choos-
ing a small matching radius would cause many physically associated pairs to be lost from the
analysis. We chose 1.′′5 as a compromise. To test for the number of potential false positives,
we applied a positional shift of 25.′′to the optical positions and then matched those to the X-ray
catalog. This indeed yields a fair number of false matches: roughly 1/6 of the number of matches
in the original catalog. Thus, strictly speaking, statistically about 1/6 of our sources could be
false positives. This, however, is a very pessimistic estimate: for individual sources it would
mean that there is an optical source near the X-ray position that is unrelated to X-ray source and
that the true X-ray source counterpart is much fainter in theoptical than the “false match”. This
situation will not occur often, though for individual casesit cannot, of course, be excluded with
certainty.

Table 4.1: Photometric magnitudes for stars with X-ray emission in PISMIS 24. Column 2: the
identification numbers in Wang et al. (2007). Column 3: the distances between xray sources and
optical/infrared counterparts.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

dis RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

1 1 0.81 17 23 53.93 -34 08 50.5 22.793±0.080 21.572±0.029 ... ... ... ... ... ... ...

2 2 0.48 17 23 58.39 -34 08 02.4 21.952±0.082 19.076±0.022 15.18±0.05 13.18±0.04 11.93±0.03 10.69±0.04 10.49±0.06 10.13±0.13 ...

3 3 0.87 17 23 59.16 -34 12 16.9 15.595±0.001 14.080±0.001 11.93±0.02 11.18±0.03 10.69±0.03 ... ... ... ...

4 6 0.32 17 24 03.22 -34 14 02.2 16.767±0.001 14.949±0.001 12.67±0.02 11.68±0.02 11.31±0.02 11.01±0.05 10.96±0.07 11.23±0.23 ...

5 8 0.45 17 24 05.46 -34 12 57.5 ... ... ... ... ... 12.61±0.08 11.70±0.08 11.23±0.18 ...

6 9 0.53 17 24 05.61 -34 07 09.7 ... ... 9.03±0.02 8.63±0.05 8.46±0.02 8.35±0.06 8.33±0.12 8.27±0.14 ...

7 10 0.50 17 24 06.66 -34 13 05.1 ... ... ... 14.52±0.07 13.32±0.05 12.66±0.12 12.31±0.21 ... ...

8 11 0.65 17 24 06.81 -34 11 49.2 ... 22.390±0.128 16.53±0.12 13.83±0.03 12.38±0.03 11.05±0.04 10.61±0.05 10.22±0.06 9.92±0.09

9 12 0.46 17 24 07.66 -34 17 52.4 19.842±0.021 17.528±0.006 14.43±0.04 13.04±0.04 12.46±0.03 12.10±0.05 12.04±0.08 11.78±0.25 ...
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

10 13 1.29 17 24 08.91 -34 12 11.0 18.285±0.006 16.971±0.004 15.33±0.05 14.54±0.02 14.23±0.06 ... ... ... ...

11 14 1.19 17 24 09.25 -34 08 59.4 ... 22.990±0.104 ... ... ... 13.55±0.08 13.48±0.17 ... ...

12 15 0.77 17 24 09.22 -34 12 24.1 ... 22.362±0.172 15.78±0.06 12.94±0.04 11.55±0.04 10.68±0.21 9.90±0.08 9.42±0.11 ...

13 16 0.86 17 24 12.35 -34 14 59.8 20.160±0.027 18.545±0.017 16.66±0.13 ... ... ... ... ... ...

14 17 0.91 17 24 13.14 -34 11 46.8 19.402±0.016 17.057±0.004 13.82±0.02 11.66±0.02 10.32±0.02 9.17±0.05 9.09±0.05 8.63±0.08 8.29±0.18

15 18 0.57 17 24 13.60 -34 09 21.3 16.979±0.001 15.528±0.001 13.58±0.02 12.67±0.02 12.34±0.03 ... ... ... ...

16 19 0.29 17 24 13.60 -34 16 56.7 18.590±0.006 14.260±0.001 8.33±0.03 6.32±0.05 5.33±0.02 4.50±0.15 4.96±0.11 4.25±0.02 4.19±0.02

17 20 0.80 17 24 13.62 -34 14 51.8 17.366±0.002 15.639±0.001 13.19±0.02 12.15±0.05 11.77±0.05 11.56±0.09 11.52±0.08 ... ...

18 21 1.23 17 24 13.74 -34 06 57.1 ... 20.140±0.058 13.76±0.05 11.39±0.04 10.24±0.02 9.53±0.03 9.54±0.05 9.19±0.05 9.21±0.04

19 22 0.57 17 24 14.72 -34 10 43.7 14.886±0.001 14.106±0.001 12.82±0.04 ... ... 9.16±0.07 9.10±0.05 8.89±0.07 9.27±0.55

20 24 0.70 17 24 15.39 -34 09 58.7 ... ... ... 14.77±0.10 13.53±0.07 ... ... ... ...

21 26 0.92 17 24 15.78 -34 14 59.3 ... 22.674±0.148 15.66±0.07 14.41±0.11 13.74±0.10 13.12±0.10 13.06±0.16 ... ...

22 27 0.33 17 24 15.94 -34 14 41.1 ... ... ... 14.68±0.04 13.47±0.04 12.46±0.07 12.29±0.11 ... ...

23 28 0.47 17 24 16.08 -34 12 48.6 ... ... ... ... 14.13±0.06 12.19±0.05 11.63±0.07 10.99±0.12 ...

24 29 0.51 17 24 16.13 -34 15 26.8 21.151±0.068 18.057±0.011 14.03±0.02 12.30±0.02 11.45±0.02 10.91±0.08 10.81±0.10 ... ...

25 30 0.07 17 24 16.18 -34 13 11.4 16.946±0.001 15.769±0.001 14.14±0.03 13.28±0.02 12.99±0.02 ... ... ... ...

26 31 1.22 17 24 17.45 -34 06 07.3 24.419±0.137 22.188±0.058 ... ... ... ... ... ... ...

27 33 1.38 17 24 18.16 -34 16 51.2 ... 23.069±0.135 ... ... ... ... ... ... ...

28 34 0.74 17 24 18.75 -34 06 36.6 ... 21.040±0.036 14.05±0.04 12.31±0.06 11.55±0.04 10.77±0.10 10.80±0.08 11.44±0.28 ...

29 35 0.35 17 24 18.79 -34 12 04.8 19.937±0.026 17.882±0.009 14.91±0.03 13.65±0.02 13.04±0.03 12.66±0.12 12.55±0.12 ... ...

30 36 0.21 17 24 19.60 -34 15 44.4 18.758±0.007 16.720±0.003 ... ... 11.21±0.04 10.75±0.05 10.71±0.06 10.64±0.10 ...

31 38 0.21 17 24 20.25 -34 13 10.6 19.737±0.019 17.328±0.006 14.02±0.03 12.55±0.04 11.88±0.04 11.11±0.05 10.84±0.08 10.30±0.20 ...

32 40 0.49 17 24 20.82 -34 10 27.8 22.060±0.067 19.588±0.042 ... ... ... 14.10±0.14 14.11±0.32 ... ...

33 41 0.65 17 24 21.30 -34 14 35.7 17.871±0.003 16.400±0.003 ... ... ... ... ... ... ...

34 43 1.20 17 24 21.79 -34 08 43.1 13.706±0.001 12.143±0.001 10.31±0.02 9.41±0.02 9.07±0.02 ... ... ... ...

35 44 0.30 17 24 21.72 -34 13 25.4 22.180±0.070 19.661±0.052 ... ... ... 12.11±0.08 11.96±0.09 ... ...

36 46 0.24 17 24 21.82 -34 12 59.2 20.617±0.043 18.110±0.012 15.18±0.04 13.81±0.03 13.18±0.05 12.43±0.08 12.12±0.11 ... ...

37 47 0.74 17 24 22.05 -34 14 29.7 16.233±0.001 14.651±0.001 12.41±0.03 11.37±0.02 10.67±0.03 9.03±0.03 8.51±0.04 8.10±0.03 7.37±0.03

38 48 0.11 17 24 22.95 -34 12 22.0 18.740±0.007 16.906±0.003 14.38±0.03 13.26±0.03 12.82±0.03 12.66±0.08 12.62±0.10 ... ...

39 50 0.10 17 24 23.47 -34 09 42.3 18.199±0.005 16.079±0.002 13.93±0.03 13.07±0.04 12.78±0.04 12.29±0.08 12.29±0.08 ... ...

40 51 0.46 17 24 23.95 -34 08 15.8 18.034±0.004 15.829±0.001 13.10±0.02 11.82±0.03 11.31±0.03 10.95±0.06 10.88±0.08 10.48±0.10 ...

41 52 0.78 17 24 23.95 -34 10 11.8 ... 22.597±0.169 16.23±0.13 14.06±0.06 13.02±0.05 12.34±0.07 12.11±0.10 ... ...

42 53 0.08 17 24 24.24 -34 15 09.9 20.190±0.028 17.830±0.011 15.00±0.04 13.65±0.03 13.15±0.04 12.35±0.04 12.13±0.08 11.93±0.10 11.47±0.12

43 55 0.76 17 24 25.40 -34 19 15.8 19.265±0.014 17.006±0.005 14.40±0.04 13.14±0.05 12.55±0.06 12.15±0.11 ... ... ...

44 57 0.28 17 24 25.89 -34 11 43.1 21.655±0.092 18.864±0.017 ... 13.28±0.07 12.49±0.07 11.02±0.07 10.27±0.06 9.49±0.11 8.69±0.55

45 59 0.47 17 24 26.18 -34 13 41.2 23.720±0.315 19.645±0.058 ... ... ... 13.76±0.13 ... ... ...

46 60 0.96 17 24 26.20 -34 15 39.8 19.925±0.021 16.861±0.003 13.12±0.03 11.59±0.05 10.87±0.03 10.46±0.07 10.45±0.05 10.29±0.08 10.20±0.12

47 62 0.81 17 24 26.72 -34 11 50.4 ... 21.381±0.051 ... ... ... 14.23±0.17 13.90±0.31 ... ...

48 63 0.56 17 24 27.29 -34 09 03.2 16.054±0.001 15.126±0.001 13.88±0.04 12.96±0.06 12.51±0.06 11.52±0.07 11.01±0.07 10.93±0.12 ...

49 64 0.29 17 24 27.30 -34 08 01.0 18.648±0.006 16.585±0.002 ... 12.87±0.05 12.41±0.05 12.01±0.04 11.90±0.07 12.08±0.21 ...

50 65 0.37 17 24 27.43 -34 15 54.5 21.818±0.085 18.915±0.022 ... ... ... 12.75±0.09 12.48±0.12 11.88±0.18 11.66±0.90

51 66 0.42 17 24 27.39 -34 16 49.1 20.536±0.032 18.093±0.009 15.51±0.07 ... ... 13.57±0.09 13.56±0.13 ... ...

52 67 0.24 17 24 27.43 -34 13 56.2 21.890±0.068 18.875±0.019 15.70±0.08 14.07±0.07 13.20±0.07 12.29±0.07 11.99±0.10 ... ...

53 68 0.14 17 24 27.53 -34 16 59.7 19.791±0.016 17.758±0.006 ... ... 13.35±0.06 12.70±0.09 12.42±0.11 ... ...

54 69 1.01 17 24 27.81 -34 12 15.8 20.822±0.042 19.115±0.022 ... 14.96±0.12 13.79±0.09 13.18±0.18 12.89±0.16 ... ...

55 70 0.24 17 24 28.09 -34 11 07.5 14.352±0.001 13.701±0.001 12.72±0.03 12.13±0.02 11.91±0.02 11.42±0.07 11.13±0.07 10.51±0.31 ...

56 71 0.16 17 24 28.50 -34 10 40.3 22.101±0.129 19.259±0.028 16.42±0.10 ... ... 12.48±0.14 11.99±0.13 ... ...

57 72 0.41 17 24 28.52 -34 17 54.7 19.847±0.019 17.687±0.006 15.07±0.04 13.69±0.04 13.02±0.04 11.95±0.06 11.65±0.07 11.06±0.08 10.65±0.05

58 73 0.42 17 24 28.59 -34 11 44.3 22.150±0.101 19.124±0.022 16.14±0.07 ... ... 13.91±0.10 13.94±0.22 ... ...

59 74 0.16 17 24 28.70 -34 12 11.5 20.848±0.042 18.594±0.014 15.76±0.06 14.24±0.05 13.52±0.08 12.57±0.07 12.27±0.10 ... ...

60 75 0.24 17 24 28.74 -34 12 41.5 23.051±0.163 20.485±0.078 ... ... ... 13.12±0.07 13.00±0.20 11.64±0.20 ...

61 77 0.74 17 24 28.94 -34 14 50.0 ... 15.840±0.001 9.03±0.03 8.58±0.04 8.35±0.03 8.19±0.03 8.23±0.04 8.10±0.03 8.21±0.03

62 78 0.43 17 24 29.03 -34 18 13.9 17.044±0.001 15.273±0.001 12.08±0.03 11.10±0.03 10.76±0.02 ... ... ... ...

63 79 0.22 17 24 29.14 -34 12 14.9 20.307±0.026 17.982±0.008 15.47±0.05 13.99±0.03 13.55±0.04 13.16±0.07 13.15±0.16 ... ...

64 80 0.34 17 24 29.37 -34 10 55.5 22.740±0.108 20.532±0.091 ... ... ... 12.66±0.06 12.43±0.12 ... ...

65 81 0.08 17 24 29.56 -34 11 54.0 20.073±0.025 17.998±0.008 15.24±0.06 13.99±0.06 13.50±0.07 13.02±0.07 12.87±0.11 ... ...

66 82 0.44 17 24 29.72 -34 13 36.9 ... 22.068±0.093 ... ... ... 13.27±0.10 12.97±0.12 ... ...

67 83 0.48 17 24 29.80 -34 13 15.8 21.401±0.070 18.972±0.020 ... ... ... 12.90±0.09 12.27±0.12 11.33±0.12 ...

68 85 0.38 17 24 30.32 -34 14 29.5 14.059±0.001 13.355±0.001 12.67±0.02 12.25±0.02 12.23±0.02 12.08±0.05 12.15±0.07 12.09±0.16 ...

69 88 1.44 17 24 30.65 -34 18 02.0 19.734±0.017 17.436±0.005 ... ... 13.23±0.05 12.88±0.09 ... ... ...

70 89 0.04 17 24 30.77 -34 15 51.5 18.455±0.004 16.530±0.002 13.95±0.04 12.53±0.05 11.55±0.03 10.07±0.04 9.40±0.03 8.77±0.03 7.71±0.02
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

71 90 0.22 17 24 31.01 -34 11 14.4 12.937±0.001 12.241±0.001 11.50±0.03 11.10±0.03 10.87±0.03 10.68±0.05 10.65±0.07 10.74±0.14 ...

72 91 0.35 17 24 31.01 -34 15 22.3 19.663±0.011 17.422±0.005 14.59±0.04 13.22±0.03 12.68±0.04 12.10±0.05 12.05±0.09 11.54±0.11 ...

73 93 0.15 17 24 31.28 -34 11 07.5 ... 19.872±0.057 ... ... ... ... ... ... ...

74 94 0.19 17 24 31.35 -34 11 35.2 22.717±0.136 20.139±0.057 16.37±0.11 14.23±0.05 13.27±0.05 12.29±0.07 11.99±0.08 ... ...

75 95 0.03 17 24 31.38 -34 09 34.4 20.957±0.084 18.448±0.015 ... 13.34±0.06 12.24±0.04 10.64±0.06 10.06±0.06 9.66±0.16 ...

76 96 1.06 17 24 31.41 -34 15 18.7 ... ... ... ... ... 13.77±0.34 13.71±0.42 11.78±0.69 ...

77 97 1.41 17 24 31.51 -34 21 31.1 ... 22.259±0.110 ... 13.76±0.11 12.52±0.06 11.80±0.07 11.48±0.10 ... ...

78 98 0.15 17 24 31.66 -34 10 46.7 23.116±0.068 19.690±0.048 16.33±0.11 14.83±0.08 ... 13.47±0.14 13.34±0.31 ... ...

79 99 0.10 17 24 31.69 -34 11 58.5 20.449±0.029 18.309±0.011 14.95±0.06 13.67±0.03 12.86±0.04 11.78±0.06 11.24±0.06 10.67±0.06 9.84±0.06

80 101 0.10 17 24 32.04 -34 13 05.2 18.852±0.007 16.947±0.003 ... ... 12.60±0.12 12.18±0.06 12.10±0.08 ... ...

81 103 0.19 17 24 32.33 -34 15 38.1 22.017±0.029 18.745±0.016 ... 14.26±0.13 ... 12.75±0.08 12.14±0.13 11.77±0.17 10.91±0.11

82 104 0.38 17 24 32.42 -34 13 21.2 19.720±0.021 17.502±0.005 14.77±0.05 13.45±0.07 12.94±0.06 12.50±0.05 12.57±0.09 11.49±0.16 ...

83 105 0.22 17 24 32.41 -34 10 11.7 21.552±0.145 19.200±0.030 15.98±0.08 14.41±0.05 13.59±0.05 12.13±0.05 11.81±0.09 ... ...

84 106 0.25 17 24 32.52 -34 16 11.3 19.920±0.014 17.817±0.007 14.89±0.16 13.45±0.16 12.78±0.13 12.40±0.10 12.24±0.11 ... ...

85 107 0.37 17 24 32.61 -34 12 35.3 23.613±0.293 20.171±0.059 ... ... ... 14.52±0.16 13.73±0.27 ... ...

86 108 0.02 17 24 32.65 -34 13 45.0 19.966±0.027 17.597±0.005 14.41±0.06 12.85±0.05 12.06±0.03 11.38±0.05 11.21±0.07 10.96±0.09 10.36±0.63

87 109 0.50 17 24 32.70 -34 14 04.0 22.035±0.037 19.020±0.021 16.21±0.11 ... ... 13.77±0.08 13.86±0.15 ... ...

88 110 0.13 17 24 32.86 -34 09 02.5 18.693±0.010 16.766±0.003 14.25±0.02 13.14±0.05 12.67±0.02 ... ... ... ...

89 112 0.30 17 24 33.03 -34 16 54.8 19.208±0.009 17.009±0.003 14.38±0.04 12.91±0.07 12.17±0.06 11.63±0.08 11.51±0.11 11.55±0.14 11.01±0.14

90 113 0.16 17 24 33.06 -34 11 27.8 16.155±0.001 14.313±0.001 11.99±0.03 10.99±0.02 10.61±0.02 10.31±0.04 10.24±0.06 10.10±0.08 ...

91 114 0.22 17 24 33.08 -34 11 55.7 20.468±0.029 18.250±0.010 15.45±0.08 14.13±0.11 13.61±0.10 13.02±0.10 12.94±0.18 ... ...

92 115 0.13 17 24 33.25 -34 15 15.1 20.295±0.007 17.894±0.008 15.13±0.06 13.82±0.07 13.45±0.08 12.85±0.06 12.89±0.12 ... ...

93 116 0.16 17 24 33.28 -34 10 29.8 19.667±0.026 17.708±0.008 16.28±0.12 ... ... ... ... ... ...

94 117 0.41 17 24 33.37 -34 12 13.0 20.138±0.026 17.744±0.007 14.35±0.04 12.95±0.05 12.44±0.04 11.95±0.08 12.01±0.12 11.61±0.21 ...

95 118 0.34 17 24 33.42 -34 14 23.7 19.610±0.019 17.343±0.004 14.73±0.05 13.48±0.05 12.97±0.05 12.55±0.06 12.56±0.10 ... ...

96 119 0.14 17 24 33.41 -34 14 02.4 19.969±0.027 17.750±0.006 15.57±0.08 13.99±0.09 13.21±0.06 12.22±0.05 11.86±0.06 11.76±0.13 ...

97 120 0.37 17 24 33.49 -34 13 44.7 ... ... 10.58±0.03 9.98±0.02 9.65±0.02 9.14±0.04 9.05±0.05 8.88±0.03 8.89±0.05

98 122 0.18 17 24 33.50 -34 13 22.1 20.016±0.028 17.601±0.006 14.75±0.04 13.49±0.08 12.98±0.06 12.64±0.05 12.69±0.09 ... ...

99 123 0.67 17 24 33.57 -34 13 33.1 19.684±0.021 17.453±0.005 14.53±0.10 13.25±0.12 12.74±0.10 12.25±0.07 12.31±0.09 ... ...

100 124 0.53 17 24 33.88 -34 11 55.1 23.160±0.187 19.732±0.039 15.03±0.05 12.48±0.03 11.31±0.02 10.46±0.04 10.32±0.06 10.05±0.06 9.64±0.08

101 125 0.22 17 24 33.99 -34 05 50.3 20.351±0.006 17.659±0.006 ... 13.64±0.12 13.22±0.08 12.80±0.08 12.73±0.07 12.06±0.27 11.59±0.89

102 126 0.15 17 24 34.00 -34 19 09.5 20.265±0.025 17.715±0.006 ... ... ... 12.16±0.07 11.74±0.08 11.57±0.09 ...

103 127 0.35 17 24 34.02 -34 13 36.9 17.345±0.002 15.431±0.001 12.62±0.05 11.09±0.06 10.12±0.04 9.08±0.06 8.60±0.04 8.25±0.04 7.69±0.04

104 128 0.19 17 24 34.11 -34 13 40.2 20.280±0.036 17.957±0.008 ... ... ... 12.90±0.21 12.36±0.10 ... ...

105 129 0.10 17 24 34.20 -34 14 02.2 18.973±0.011 16.817±0.003 13.97±0.03 12.68±0.03 12.25±0.03 11.65±0.05 11.73±0.07 11.57±0.10 ...

106 130 0.13 17 24 34.18 -34 09 54.7 18.656±0.010 16.446±0.002 13.34±0.05 11.77±0.05 10.66±0.04 9.04±0.06 8.45±0.06 7.77±0.10 6.47±0.11

107 131 0.60 17 24 34.31 -34 09 44.4 19.832±0.030 18.011±0.010 15.68±0.12 13.55±0.09 12.36±0.05 11.41±0.13 ... ... ...

108 133 0.15 17 24 34.46 -34 12 46.6 20.063±0.020 17.942±0.007 15.06±0.07 13.74±0.08 13.17±0.07 12.69±0.08 12.64±0.10 ... ...

109 134 0.14 17 24 34.57 -34 12 34.3 22.552±0.109 19.849±0.043 ... ... ... 13.39±0.09 12.72±0.10 ... ...

110 135 0.03 17 24 34.63 -34 08 44.5 18.208±0.006 16.281±0.002 13.84±0.02 12.57±0.02 11.82±0.02 10.77±0.08 10.22±0.08 9.90±0.12 ...

111 136 0.29 17 24 34.68 -34 12 26.0 19.822±0.017 17.677±0.006 15.18±0.08 ... ... 13.01±0.08 13.11±0.18 ... ...

112 137 0.13 17 24 34.70 -34 12 15.2 20.323±0.026 17.817±0.007 14.75±0.07 13.23±0.09 12.21±0.06 10.97±0.04 10.55±0.10 10.28±0.07 9.65±0.07

113 138 0.49 17 24 34.74 -34 15 24.7 21.248±0.048 18.861±0.018 15.84±0.09 14.46±0.12 13.77±0.09 12.72±0.06 12.45±0.08 11.97±0.21 ...

114 139 0.18 17 24 34.76 -34 12 17.8 21.159±0.056 18.543±0.013 ... ... ... 11.84±0.07 11.79±0.16 11.07±0.12 ...

115 140 0.15 17 24 34.80 -34 13 18.1 13.639±0.001 12.332±0.001 10.74±0.03 10.09±0.02 9.79±0.02 9.59±0.03 9.56±0.05 9.52±0.04 9.55±0.06

116 141 0.25 17 24 34.87 -34 15 41.6 16.968±0.001 15.172±0.001 ... ... ... ... ... ... ...

117 146 0.27 17 24 35.40 -34 12 38.9 19.919±0.018 17.753±0.006 15.06±0.08 13.64±0.10 12.87±0.07 11.99±0.07 11.56±0.06 11.19±0.11 11.10±0.30

118 147 0.09 17 24 35.50 -34 12 34.7 21.869±0.058 19.134±0.023 ... ... ... 11.55±0.09 11.49±0.08 11.11±0.16 ...

119 148 0.09 17 24 35.54 -34 14 23.4 ... 19.017±0.021 15.09±0.05 13.80±0.08 13.33±0.05 12.46±0.10 12.70±0.11 ... ...

120 149 0.51 17 24 35.92 -34 13 32.7 21.173±0.019 18.927±0.019 15.99±0.09 ... ... 12.72±0.07 12.48±0.09 ... ...

121 150 0.26 17 24 35.93 -34 13 23.3 22.388±0.111 19.637±0.036 ... ... ... ... ... ... ...

122 151 0.31 17 24 36.05 -34 14 00.6 ... ... 9.51±0.03 9.02±0.02 8.75±0.02 8.61±0.04 8.59±0.04 8.57±0.03 8.60±0.03

123 152 0.39 17 24 36.08 -34 12 43.5 22.359±0.141 19.643±0.048 ... ... ... 13.37±0.13 12.94±0.09 ... ...

124 153 0.43 17 24 36.14 -34 15 22.2 19.090±0.007 17.095±0.004 13.87±0.05 12.42±0.05 11.63±0.04 10.70±0.06 10.38±0.06 10.19±0.05 9.73±0.03

125 154 0.61 17 24 36.24 -34 17 51.8 19.938±0.019 17.839±0.007 ... ... ... ... ... ... ...

126 155 0.48 17 24 36.46 -34 13 42.7 21.182±0.030 18.681±0.016 15.68±0.08 14.24±0.09 ... 13.49±0.08 13.50±0.13 ... ...

127 156 0.32 17 24 36.48 -34 12 36.9 17.136±0.002 15.591±0.001 13.40±0.04 12.34±0.06 11.57±0.05 10.46±0.04 10.08±0.04 9.73±0.04 9.02±0.05

128 157 0.33 17 24 36.64 -34 11 50.9 20.818±0.098 18.140±0.014 15.33±0.06 13.80±0.09 13.15±0.07 12.15±0.07 11.74±0.12 11.52±0.17 ...

129 158 0.13 17 24 36.65 -34 15 50.8 18.390±0.004 16.575±0.002 ... 12.77±0.04 12.27±0.05 11.86±0.06 11.85±0.07 11.67±0.15 ...

130 159 0.67 17 24 36.65 -34 19 59.2 ... 21.656±0.075 ... ... ... 14.67±0.16 14.02±0.19 ... ...

131 160 0.11 17 24 36.71 -34 12 01.9 20.993±0.060 18.664±0.023 ... ... ... 13.68±0.10 13.50±0.20 ... ...



146 CHAPTER 4

Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

132 161 0.07 17 24 36.73 -34 12 28.3 21.372±0.057 18.839±0.023 16.02±0.11 14.64±0.11 ... ... ... ... ...

133 162 0.29 17 24 36.77 -34 13 33.7 19.374±0.017 17.262±0.004 14.58±0.05 13.19±0.09 12.62±0.07 12.33±0.09 12.30±0.09 11.83±0.22 ...

134 163 0.10 17 24 36.76 -34 11 45.5 19.529±0.030 17.233±0.007 14.53±0.06 13.14±0.07 12.74±0.06 12.29±0.05 12.17±0.09 12.09±0.22 ...

135 164 0.11 17 24 37.13 -34 12 25.9 19.905±0.022 17.542±0.007 14.45±0.06 13.07±0.08 12.38±0.06 12.16±0.09 11.74±0.11 ... ...

136 165 0.18 17 24 37.18 -34 12 23.6 21.117±0.067 18.767±0.021 ... ... ... 12.29±0.12 11.93±0.11 11.44±0.14 ...

137 166 0.55 17 24 37.54 -34 10 34.1 ... 21.000±0.145 15.92±0.15 14.04±0.08 13.18±0.08 ... ... ... ...

138 167 0.43 17 24 37.57 -34 14 47.9 20.226±0.035 17.884±0.008 15.09±0.07 13.64±0.10 12.95±0.07 12.52±0.08 12.38±0.11 ... ...

139 168 0.24 17 24 37.65 -34 11 41.5 19.524±0.030 17.101±0.005 14.40±0.04 13.16±0.04 12.65±0.04 12.27±0.04 12.13±0.09 11.92±0.21 ...

140 170 0.34 17 24 37.73 -34 15 24.2 20.239±0.020 17.142±0.004 14.62±0.03 13.06±0.02 12.18±0.02 10.63±0.04 10.19±0.04 9.68±0.04 8.75±0.03

141 171 0.53 17 24 37.80 -34 08 07.8 16.121±0.001 14.392±0.001 12.28±0.03 11.57±0.04 10.97±0.04 ... ... ... ...

142 172 0.27 17 24 37.76 -34 12 14.9 22.661±0.186 19.538±0.043 ... ... ... ... ... ... ...

143 173 0.22 17 24 37.79 -34 12 02.0 19.393±0.014 17.105±0.005 14.40±0.03 13.00±0.02 12.42±0.02 11.87±0.07 11.85±0.09 ... ...

144 174 0.38 17 24 37.83 -34 12 33.4 22.561±0.186 19.820±0.056 ... ... ... 14.37±0.15 ... ... ...

145 175 0.43 17 24 37.92 -34 13 21.8 19.781±0.025 17.558±0.006 14.92±0.08 13.45±0.09 12.93±0.07 11.92±0.06 11.71±0.08 11.40±0.12 10.34±0.10

146 176 0.05 17 24 37.94 -34 10 23.9 21.646±0.126 19.150±0.050 ... ... ... ... ... ... ...

147 177 0.46 17 24 38.02 -34 17 52.3 19.959±0.019 17.715±0.006 ... ... ... 13.61±0.12 13.65±0.25 ... ...

148 178 0.55 17 24 38.14 -34 12 42.1 20.477±0.038 18.087±0.011 15.06±0.11 ... ... 12.59±0.13 12.73±0.12 ... ...

149 179 0.30 17 24 38.19 -34 14 20.5 16.936±0.002 15.238±0.001 13.04±0.03 11.98±0.04 11.28±0.03 ... ... ... ...

150 180 0.15 17 24 38.28 -34 11 22.4 19.791±0.039 17.600±0.009 15.06±0.02 13.59±0.02 12.85±0.02 12.17±0.06 11.81±0.11 ... ...

151 181 0.23 17 24 38.38 -34 11 15.4 20.349±0.163 18.155±0.014 15.25±0.06 13.95±0.05 13.43±0.04 12.80±0.09 12.88±0.17 ... ...

152 182 0.51 17 24 38.57 -34 09 59.6 ... 21.514±0.224 ... ... ... ... ... ... ...

153 185 0.31 17 24 38.68 -34 10 43.2 17.410±0.011 15.631±0.004 13.11±0.03 11.72±0.04 10.71±0.03 9.28±0.04 8.75±0.06 8.16±0.07 ...

154 186 0.21 17 24 38.72 -34 12 08.5 19.106±0.011 17.091±0.005 14.31±0.08 12.91±0.11 ... ... ... ... ...

155 187 0.56 17 24 38.76 -34 12 28.9 20.125±0.027 18.003±0.023 15.29±0.08 13.86±0.07 13.28±0.07 13.22±0.17 12.70±0.12 ... ...

156 188 0.09 17 24 38.74 -34 12 03.0 16.493±0.001 14.582±0.001 12.19±0.04 11.10±0.05 10.55±0.04 10.27±0.06 10.06±0.08 9.75±0.08 9.69±0.08

157 190 0.65 17 24 38.75 -34 17 09.3 20.022±0.021 17.633±0.006 14.59±0.06 13.23±0.10 ... 12.20±0.09 12.28±0.10 12.50±0.31 ...

158 191 0.22 17 24 38.80 -34 13 08.6 18.669±0.009 16.786±0.004 14.28±0.02 12.99±0.02 12.52±0.02 11.98±0.04 11.91±0.08 12.00±0.25 ...

159 192 0.29 17 24 38.87 -34 10 41.3 ... 20.715±0.112 ... ... ... ... ... ... ...

160 193 0.39 17 24 38.89 -34 14 05.4 20.640±0.018 18.499±0.019 ... ... ... ... ... ... ...

161 194 0.27 17 24 38.92 -34 14 58.9 ... ... ... 8.73±0.06 8.52±0.04 8.36±0.05 8.31±0.05 8.29±0.04 8.30±0.03

162 195 0.21 17 24 38.93 -34 12 03.0 20.895±0.055 18.669±0.023 ... ... ... ... ... ... ...

163 196 0.17 17 24 38.99 -34 12 20.8 17.600±0.003 15.671±0.001 13.20±0.04 12.01±0.10 11.50±0.04 11.16±0.05 11.14±0.07 11.18±0.08 ...

164 197 0.11 17 24 39.03 -34 10 07.8 20.206±0.127 17.767±0.024 14.44±0.04 12.94±0.02 12.02±0.02 10.65±0.05 10.25±0.06 9.70±0.11 ...

165 198 0.27 17 24 39.08 -34 12 09.0 20.690±0.046 18.801±0.026 ... ... ... 13.64±0.12 13.88±0.30 ... ...

166 199 0.41 17 24 39.29 -34 09 39.5 19.883±0.087 17.557±0.017 14.73±0.04 13.45±0.02 12.95±0.02 ... ... ... ...

167 200 0.32 17 24 39.39 -34 11 29.3 21.019±0.167 18.644±0.023 15.67±0.08 14.32±0.09 13.71±0.09 13.27±0.11 ... ... ...

168 201 0.29 17 24 39.44 -34 12 01.3 19.848±0.026 17.781±0.011 14.88±0.07 13.53±0.07 12.89±0.07 12.29±0.06 12.32±0.16 11.93±0.21 ...

169 202 0.27 17 24 39.44 -34 14 46.7 20.703±0.044 18.291±0.015 ... 14.36±0.10 13.85±0.08 13.25±0.07 13.26±0.09 ... ...

170 203 0.18 17 24 39.52 -34 13 18.2 17.821±0.004 15.915±0.002 13.45±0.04 12.28±0.04 11.81±0.03 11.35±0.07 11.50±0.10 11.30±0.11 ...

171 204 0.69 17 24 39.53 -34 19 40.0 17.087±0.002 15.363±0.001 12.77±0.03 11.75±0.04 11.29±0.02 11.06±0.08 10.83±0.05 10.79±0.08 10.86±0.11

172 205 0.39 17 24 39.62 -34 14 57.3 20.440±0.035 18.004±0.011 ... ... ... ... ... ... ...

173 206 0.36 17 24 39.61 -34 16 33.2 19.386±0.009 17.510±0.007 ... ... ... ... ... ... ...

174 207 0.30 17 24 39.71 -34 12 19.1 19.488±0.018 17.273±0.005 14.59±0.06 13.27±0.08 12.66±0.05 12.21±0.08 12.22±0.09 ... ...

175 208 0.64 17 24 39.68 -34 13 47.9 22.275±0.087 19.490±0.048 15.76±0.06 14.14±0.04 13.37±0.06 12.12±0.07 11.97±0.12 11.36±0.12 ...

176 209 0.22 17 24 39.83 -34 13 37.2 19.191±0.014 17.033±0.005 14.32±0.03 13.04±0.03 12.57±0.04 12.20±0.05 12.11±0.07 11.62±0.14 ...

177 210 0.09 17 24 39.82 -34 09 06.6 22.693±0.038 19.333±0.087 14.75±0.04 12.66±0.02 11.26±0.02 9.43±0.07 8.96±0.08 ... ...

178 211 0.41 17 24 39.87 -34 13 09.7 20.120±0.033 17.749±0.010 14.95±0.08 ... ... 12.45±0.08 12.43±0.12 ... ...

179 212 0.47 17 24 39.87 -34 14 11.5 21.055±0.028 18.482±0.019 15.30±0.04 13.99±0.04 13.47±0.04 12.97±0.07 12.87±0.13 ... ...

180 213 0.28 17 24 40.07 -34 14 20.5 20.285±0.013 17.846±0.011 15.02±0.04 13.72±0.04 13.20±0.05 12.66±0.06 12.73±0.09 12.68±0.28 ...

181 214 0.54 17 24 40.07 -34 17 12.9 20.045±0.021 17.926±0.008 14.91±0.06 13.53±0.07 12.65±0.05 11.20±0.05 10.72±0.05 10.40±0.05 9.93±0.04

182 215 0.67 17 24 40.15 -34 17 35.2 22.721±0.065 20.478±0.074 ... ... ... 13.12±0.08 12.64±0.10 12.07±0.17 ...

183 216 0.21 17 24 40.17 -34 14 41.1 15.503±0.001 14.684±0.001 13.61±0.04 13.07±0.08 12.83±0.09 12.31±0.06 12.48±0.08 ... ...

184 217 0.11 17 24 40.16 -34 16 49.6 18.879±0.006 16.992±0.003 14.54±0.07 13.31±0.09 12.80±0.07 12.58±0.06 12.41±0.11 ... ...

185 218 0.34 17 24 40.21 -34 11 02.9 19.664±0.087 17.533±0.011 14.77±0.04 13.43±0.09 12.83±0.09 12.30±0.16 ... ... ...

186 219 0.18 17 24 40.26 -34 12 10.4 19.516±0.019 17.298±0.007 14.19±0.14 ... 12.45±0.07 11.98±0.08 11.89±0.16 ... ...

187 220 0.27 17 24 40.29 -34 11 25.9 19.995±0.119 17.580±0.012 14.48±0.04 13.03±0.09 12.45±0.05 11.71±0.05 11.34±0.09 10.87±0.16 ...

188 221 0.12 17 24 40.32 -34 11 54.9 19.465±0.044 17.370±0.010 ... 12.92±0.08 12.45±0.07 11.87±0.06 12.15±0.22 11.96±0.17 ...

189 223 0.04 17 24 40.45 -34 15 03.3 20.904±0.053 18.701±0.022 ... ... ... ... ... ... ...

190 224 0.24 17 24 40.47 -34 11 54.5 20.056±0.076 17.805±0.014 ... ... ... ... ... ... ...

191 225 0.39 17 24 40.49 -34 12 06.7 12.885±0.001 11.683±0.001 10.05±0.03 9.45±0.03 9.14±0.02 9.04±0.06 8.98±0.05 8.96±0.04 8.91±0.05

192 226 0.20 17 24 40.56 -34 13 35.4 17.494±0.003 15.675±0.002 13.42±0.04 12.33±0.06 11.89±0.05 11.58±0.06 11.52±0.08 11.66±0.10 ...



STAR FORMATION AND DISK PROPERTIES IN PISMIS 24 147

Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

193 227 0.28 17 24 40.69 -34 14 04.1 20.746±0.052 18.515±0.020 15.70±0.06 14.50±0.10 ... 13.75±0.09 13.45±0.13 ... ...

194 228 0.38 17 24 40.67 -34 11 57.4 22.373±0.123 19.224±0.053 ... ... ... ... ... ... ...

195 229 0.11 17 24 40.69 -34 11 21.6 21.180±0.192 18.743±0.034 ... ... ... ... ... ... ...

196 230 0.49 17 24 40.73 -34 05 34.7 18.757±0.005 16.860±0.003 14.37±0.05 13.12±0.07 ... 12.00±0.10 11.89±0.09 ... ...

197 231 0.39 17 24 40.79 -34 15 18.6 20.944±0.055 18.700±0.021 15.74±0.08 14.29±0.04 ... 13.38±0.08 13.24±0.11 ... ...

198 232 0.33 17 24 40.91 -34 15 00.4 17.809±0.003 16.180±0.002 13.70±0.06 12.56±0.07 ... 11.70±0.05 11.59±0.09 ... ...

199 233 0.05 17 24 40.94 -34 11 04.2 20.591±0.203 18.552±0.029 15.16±0.31 ... ... ... ... ... ...

200 234 0.31 17 24 40.98 -34 11 26.3 22.080±0.147 19.249±0.054 ... ... ... ... ... ... ...

201 235 0.43 17 24 40.99 -34 13 17.6 21.974±0.105 19.269±0.042 15.75±0.08 14.00±0.07 13.07±0.04 12.02±0.09 11.90±0.11 11.20±0.12 10.52±0.16

202 236 0.25 17 24 41.01 -34 12 21.8 18.451±0.007 16.405±0.003 13.70±0.06 12.32±0.10 11.55±0.05 10.44±0.09 9.74±0.08 9.03±0.05 7.89±0.04

203 238 0.24 17 24 41.12 -34 11 34.9 20.270±0.150 18.147±0.020 15.23±0.08 13.89±0.11 ... 13.02±0.08 13.26±0.19 ... ...

204 239 0.22 17 24 41.13 -34 11 17.3 21.463±0.092 18.763±0.034 ... ... ... ... ... ... ...

205 240 0.26 17 24 41.13 -34 13 34.8 18.773±0.010 16.753±0.004 13.93±0.04 12.70±0.05 ... 11.93±0.05 11.99±0.08 12.31±0.31 ...

206 241 0.21 17 24 41.21 -34 11 11.2 19.856±0.105 17.925±0.016 14.99±0.05 13.47±0.02 12.75±0.04 ... ... ... ...

207 242 0.17 17 24 41.22 -34 11 43.4 22.212±0.169 18.902±0.039 ... ... ... ... ... ... ...

208 243 0.26 17 24 41.25 -34 11 38.8 16.737±0.004 14.931±0.001 12.47±0.03 11.32±0.05 10.74±0.04 10.42±0.11 10.36±0.17 10.46±0.11 ...

209 244 0.47 17 24 41.29 -34 08 59.0 21.428±0.353 18.720±0.050 16.08±0.08 14.65±0.04 14.18±0.09 ... ... ... ...

210 245 1.11 17 24 41.34 -34 11 32.3 ... ... ... ... ... 13.21±0.13 12.98±0.21 ... ...

211 246 0.95 17 24 41.33 -34 11 40.8 ... 19.703±0.082 ... ... ... ... ... ... ...

212 247 0.27 17 24 41.32 -34 16 11.9 18.565±0.004 16.719±0.003 ... ... ... ... ... ... ...

213 248 0.26 17 24 41.34 -34 12 16.0 19.639±0.021 17.692±0.010 14.64±0.07 13.25±0.12 12.70±0.07 12.27±0.09 12.14±0.15 ... ...

214 249 0.30 17 24 41.41 -34 12 19.3 19.336±0.016 17.283±0.005 ... ... ... ... ... ... ...

215 250 0.15 17 24 41.46 -34 11 56.1 19.570±0.048 17.488±0.011 ... ... ... 12.33±0.09 12.27±0.19 ... ...

216 251 0.19 17 24 41.48 -34 13 58.2 19.626±0.019 17.240±0.006 14.18±0.04 12.72±0.04 11.81±0.03 10.58±0.03 10.09±0.05 9.66±0.04 8.85±0.03

217 252 0.29 17 24 41.51 -34 11 48.3 19.898±0.066 17.501±0.011 14.31±0.05 12.88±0.04 12.21±0.03 ... ... ... ...

218 253 0.35 17 24 41.54 -34 10 33.3 21.028±0.273 18.680±0.057 16.61±0.16 14.73±0.06 14.69±0.23 13.09±0.13 ... ... ...

219 254 0.21 17 24 41.53 -34 12 24.3 19.700±0.022 17.577±0.009 ... ... ... ... ... ... ...

220 255 1.30 17 24 41.50 -34 11 58.8 ... 20.962±0.090 ... ... ... ... ... ... ...

221 256 0.11 17 24 41.61 -34 11 31.0 22.735±0.270 19.615±0.077 ... ... ... ... ... ... ...

222 257 0.14 17 24 41.62 -34 11 48.2 20.037±0.075 17.713±0.013 14.31±0.06 12.88±0.04 12.21±0.03 11.20±0.05 10.76±0.10 10.43±0.06 ...

223 258 0.27 17 24 41.64 -34 12 50.3 19.210±0.014 17.350±0.007 14.38±0.02 12.86±0.02 11.89±0.02 11.00±0.05 10.44±0.03 10.22±0.06 9.77±0.05

224 259 0.55 17 24 41.66 -34 14 57.5 21.269±0.074 18.880±0.025 15.82±0.11 ... ... 13.37±0.11 13.27±0.12 ... ...

225 260 0.34 17 24 41.73 -34 12 04.5 22.341±0.190 19.693±0.081 ... ... ... ... ... ... ...

226 261 0.28 17 24 41.75 -34 11 30.0 18.154±0.022 16.297±0.004 13.88±0.03 12.71±0.04 12.26±0.04 11.71±0.09 11.52±0.16 ... ...

227 262 0.35 17 24 41.74 -34 11 57.5 20.956±0.071 18.512±0.028 ... ... ... ... ... ... ...

228 263 0.68 17 24 41.82 -34 11 18.8 20.405±0.173 18.337±0.023 ... ... ... 11.23±0.07 10.65±0.23 ... ...

229 265 0.04 17 24 41.84 -34 11 50.3 22.373±0.211 19.720±0.085 ... ... ... ... ... ... ...

230 266 0.49 17 24 41.88 -34 11 41.1 19.906±0.066 17.794±0.014 14.76±0.16 13.24±0.11 12.50±0.06 11.77±0.09 11.67±0.15 ... ...

231 268 1.06 17 24 41.82 -34 11 11.3 ... 19.733±0.085 ... ... ... ... ... ... ...

232 269 0.99 17 24 41.88 -34 19 36.6 18.442±0.005 16.523±0.002 ... 12.89±0.09 12.46±0.06 12.34±0.05 12.16±0.06 12.14±0.28 ...

233 270 0.62 17 24 41.95 -34 11 58.5 14.750±0.001 13.307±0.001 11.22±0.03 10.46±0.03 10.05±0.03 9.86±0.05 9.78±0.07 9.72±0.07 ...

234 271 0.08 17 24 41.94 -34 15 52.0 20.132±0.019 18.438±0.013 13.22±0.04 11.24±0.04 10.44±0.03 9.80±0.03 9.78±0.05 9.61±0.04 9.51±0.04

235 272 0.24 17 24 41.95 -34 12 26.7 21.434±0.113 18.757±0.026 ... ... ... ... ... ... ...

236 273 0.23 17 24 41.95 -34 11 50.2 20.973±0.178 18.734±0.033 ... ... ... 13.19±0.09 13.17±0.14 ... ...

237 274 1.04 17 24 41.99 -34 11 54.5 24.072±0.396 20.150±0.124 ... ... ... ... ... ... ...

238 275 0.10 17 24 42.01 -34 11 05.6 ... 19.788±0.181 ... ... ... ... ... ... ...

239 276 0.29 17 24 42.03 -34 11 09.7 ... 20.412±0.139 ... ... ... ... ... ... ...

240 277 0.12 17 24 42.03 -34 11 18.6 20.953±0.284 18.706±0.033 ... ... ... ... ... ... ...

241 278 0.38 17 24 42.03 -34 15 04.2 20.136±0.026 18.013±0.011 15.21±0.06 13.88±0.06 13.35±0.05 12.75±0.07 12.65±0.09 ... ...

242 279 0.27 17 24 42.07 -34 11 36.9 20.386±0.105 18.145±0.020 ... 13.93±0.14 ... 13.09±0.12 13.09±0.29 ... ...

243 280 0.27 17 24 42.12 -34 14 35.6 20.748±0.046 18.275±0.015 15.60±0.37 13.83±0.27 12.73±0.12 11.34±0.04 10.90±0.06 10.37±0.06 9.58±0.03

244 281 0.20 17 24 42.12 -34 11 46.8 22.697±0.197 19.667±0.080 ... ... ... ... ... ... ...

245 282 0.94 17 24 42.07 -34 11 34.2 ... 21.690±0.193 ... ... ... ... ... ... ...

246 284 0.09 17 24 42.15 -34 11 55.9 19.792±0.060 17.739±0.014 ... ... ... 12.66±0.17 12.15±0.22 ... ...

247 285 0.21 17 24 42.17 -34 16 23.2 19.101±0.007 17.097±0.004 14.58±0.05 13.36±0.10 12.99±0.08 12.63±0.06 12.60±0.10 12.19±0.20 ...

248 286 0.37 17 24 42.20 -34 12 09.7 20.474±0.045 18.105±0.015 16.01±0.19 14.16±0.09 13.87±0.17 12.73±0.08 12.74±0.17 ... ...

249 287 0.82 17 24 42.24 -34 15 56.7 19.800±0.014 17.829±0.007 14.65±0.06 13.22±0.10 12.40±0.05 11.66±0.05 11.10±0.06 10.70±0.05 9.85±0.03

250 288 0.37 17 24 42.24 -34 12 30.9 20.355±0.090 17.940±0.021 14.84±0.05 13.51±0.06 12.94±0.06 12.21±0.09 12.26±0.10 ... ...

251 290 0.23 17 24 42.30 -34 11 28.3 17.224±0.009 15.439±0.002 13.08±0.02 12.02±0.04 11.57±0.06 11.25±0.06 11.13±0.08 ... ...

252 291 0.11 17 24 42.29 -34 13 01.9 20.227±0.037 17.838±0.011 14.59±0.03 13.22±0.05 12.57±0.04 11.97±0.05 12.00±0.10 11.69±0.15 ...

253 293 0.76 17 24 42.31 -34 13 22.2 ... 14.768±0.001 9.29±0.03 8.77±0.05 8.47±0.02 8.34±0.15 8.16±0.05 8.06±0.03 8.09±0.03
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

254 294 0.21 17 24 42.32 -34 11 23.4 14.890±0.001 13.630±0.001 ... 11.38±0.07 10.30±0.02 10.83±0.06 10.72±0.13 ... ...

255 296 0.37 17 24 42.36 -34 14 49.5 21.628±0.022 19.045±0.030 14.49±0.07 12.84±0.08 12.08±0.06 11.21±0.05 10.96±0.05 10.69±0.06 10.18±0.04

256 298 0.11 17 24 42.44 -34 11 31.2 21.754±0.111 18.971±0.042 ... ... ... 12.26±0.10 11.65±0.12 10.73±0.27 ...

257 300 0.46 17 24 42.52 -34 17 15.0 18.345±0.004 16.650±0.003 ... ... ... ... ... ... ...

258 301 0.30 17 24 42.51 -34 11 32.7 23.562±0.151 20.095±0.118 ... ... ... 12.71±0.12 12.46±0.18 ... ...

259 302 0.09 17 24 42.52 -34 11 35.8 22.519±0.241 19.420±0.063 ... ... ... ... ... ... ...

260 303 0.35 17 24 42.55 -34 11 13.2 18.582±0.032 16.562±0.005 ... ... ... ... ... ... ...

261 306 0.20 17 24 42.53 -34 14 39.2 17.827±0.003 16.130±0.002 13.85±0.07 12.79±0.12 ... ... ... ... ...

262 307 0.39 17 24 42.51 -34 11 51.8 ... 20.219±0.135 ... ... ... 12.88±0.13 12.73±0.23 ... ...

263 308 0.37 17 24 42.58 -34 12 02.8 21.184±0.087 18.508±0.027 ... ... ... 12.69±0.15 12.56±0.27 ... ...

264 309 0.20 17 24 42.68 -34 11 02.8 ... 19.358±0.060 ... ... ... ... ... ... ...

265 310 0.55 17 24 42.74 -34 12 24.7 20.999±0.072 18.255±0.016 ... 13.74±0.09 ... 11.75±0.08 11.49±0.12 10.80±0.10 ...

266 311 0.31 17 24 42.74 -34 10 21.2 ... 19.729±0.147 ... ... ... ... ... ... ...

267 312 0.29 17 24 42.88 -34 09 11.9 15.382±0.001 13.273±0.001 10.66±0.02 9.73±0.03 9.23±0.02 8.91±0.05 8.86±0.09 ... ...

268 313 0.44 17 24 42.93 -34 11 52.6 19.788±0.059 17.632±0.012 ... ... ... ... ... ... ...

269 315 0.21 17 24 43.00 -34 11 54.2 18.930±0.027 16.749±0.005 ... ... ... ... ... ... ...

270 317 0.23 17 24 43.07 -34 11 51.3 20.794±0.125 18.848±0.038 ... ... ... ... ... ... ...

271 318 0.51 17 24 43.11 -34 12 30.4 20.378±0.093 19.073±0.034 15.13±0.15 13.80±0.12 13.35±0.08 12.78±0.06 12.71±0.11 ... ...

272 319 0.23 17 24 43.12 -34 12 16.2 17.246±0.002 15.361±0.001 13.19±0.02 12.04±0.02 11.49±0.03 11.18±0.07 11.13±0.08 10.93±0.11 ...

273 320 0.31 17 24 43.18 -34 11 53.7 19.921±0.067 17.715±0.013 ... ... ... ... ... ... ...

274 321 0.63 17 24 43.19 -34 16 42.8 18.536±0.005 16.770±0.003 14.64±0.06 13.44±0.09 13.12±0.06 12.78±0.05 12.62±0.09 ... ...

275 322 0.25 17 24 43.19 -34 11 11.9 18.252±0.028 16.391±0.004 13.60±0.02 12.20±0.02 11.57±0.03 ... ... ... ...

276 323 0.36 17 24 43.19 -34 12 03.8 ... 19.648±0.078 ... ... ... ... ... ... ...

277 325 0.95 17 24 43.29 -34 12 03.2 21.294±0.074 21.567±0.081 ... ... ... ... ... ... ...

278 326 0.07 17 24 43.24 -34 12 17.8 19.013±0.012 17.125±0.006 ... ... ... 12.57±0.17 ... ... ...

279 328 0.29 17 24 43.26 -34 12 35.9 16.768±0.003 14.891±0.001 12.40±0.07 11.33±0.02 10.85±0.02 10.54±0.05 10.45±0.05 10.38±0.05 ...

280 330 0.37 17 24 43.28 -34 13 29.2 21.111±0.083 18.620±0.023 15.49±0.07 13.98±0.07 ... 12.63±0.08 12.64±0.10 ... ...

281 331 0.14 17 24 43.29 -34 12 44.0 ... ... 8.47±0.02 8.00±0.06 7.69±0.02 7.54±0.07 7.50±0.04 7.50±0.03 7.48±0.02

282 332 0.31 17 24 43.27 -34 11 42.1 12.938±0.001 11.707±0.001 10.00±0.05 9.31±0.06 8.97±0.05 8.78±0.05 8.70±0.05 8.66±0.03 ...

283 335 0.18 17 24 43.36 -34 11 37.1 18.631±0.021 16.592±0.005 ... ... ... 11.81±0.08 11.90±0.09 10.93±0.23 ...

284 337 0.22 17 24 43.41 -34 12 02.2 20.902±0.091 18.803±0.036 ... ... ... ... ... ... ...

285 339 0.18 17 24 43.41 -34 08 45.4 22.266±0.043 17.833±0.007 12.86±0.02 10.95±0.02 9.90±0.02 9.16±0.11 8.86±0.19 ... ...

286 340 1.16 17 24 43.49 -34 11 45.9 22.018±0.113 19.363±0.060 ... ... ... ... ... ... ...

287 342 0.37 17 24 43.50 -34 13 28.7 21.010±0.076 18.569±0.022 15.75±0.08 14.42±0.07 ... 13.03±0.08 12.97±0.15 ... ...

288 343 0.63 17 24 43.51 -34 09 15.4 21.104±0.170 19.142±0.074 16.03±0.14 14.43±0.12 ... ... ... ... ...

289 344 0.18 17 24 43.50 -34 11 57.1 ... ... 6.73±0.03 6.18±0.04 5.89±0.02 5.61±0.05 6.07±0.06 5.53±0.02 5.47±0.02

290 345 0.25 17 24 43.51 -34 12 40.3 20.981±0.040 18.247±0.028 ... ... ... 11.31±0.08 10.90±0.10 ... ...

291 348 0.35 17 24 43.55 -34 12 27.8 18.646±0.018 16.603±0.006 ... ... ... 11.45±0.05 11.43±0.09 11.08±0.13 ...

292 349 0.64 17 24 43.49 -34 12 04.4 ... 20.198±0.070 ... ... ... ... ... ... ...

293 350 0.36 17 24 43.57 -34 15 40.4 19.664±0.016 17.474±0.007 15.00±0.04 13.75±0.05 13.27±0.05 12.92±0.05 12.95±0.10 ... ...

294 351 0.49 17 24 43.61 -34 11 50.2 19.742±0.057 17.554±0.014 ... ... ... ... ... ... ...

295 352 0.38 17 24 43.59 -34 12 38.5 21.471±0.066 19.002±0.033 ... ... ... 11.47±0.09 11.11±0.08 9.79±0.07 8.60±0.05

296 353 0.25 17 24 43.61 -34 09 43.0 21.476±0.226 18.894±0.059 14.71±0.15 13.36±0.12 12.27±0.07 ... ... ... ...

297 355 0.35 17 24 43.63 -34 09 02.9 24.079±0.361 20.390±0.231 ... ... ... ... ... ... ...

298 357 0.05 17 24 43.68 -34 11 49.6 ... 19.247±0.136 ... ... ... 12.35±0.16 12.07±0.17 ... ...

299 358 0.30 17 24 43.71 -34 11 12.9 20.870±0.265 19.297±0.057 ... 14.32±0.12 13.53±0.12 ... ... ... ...

300 359 0.40 17 24 43.73 -34 11 39.3 20.628±0.109 17.514±0.011 ... ... ... ... ... ... ...

301 362 1.01 17 24 43.74 -34 18 12.5 16.650±0.001 15.083±0.001 13.04±0.03 12.21±0.03 11.84±0.02 11.65±0.04 11.56±0.06 11.45±0.08 11.59±0.11

302 363 0.76 17 24 43.81 -34 11 53.7 ... ... ... ... ... 10.70±0.15 9.62±0.14 8.32±0.04 5.32±0.06

303 364 0.25 17 24 43.77 -34 11 54.1 19.470±0.044 17.633±0.012 ... ... ... ... ... ... ...

304 367 0.83 17 24 43.73 -34 11 52.1 22.099±0.117 19.455±0.065 ... ... ... ... ... ... ...

305 369 0.47 17 24 43.88 -34 12 16.2 ... 21.803±0.117 ... ... ... ... ... ... ...

306 370 0.17 17 24 43.89 -34 13 10.9 19.721±0.023 17.615±0.009 14.85±0.05 13.30±0.05 12.53±0.05 11.53±0.05 11.18±0.05 10.78±0.06 10.31±0.09

307 372 0.22 17 24 43.90 -34 11 39.4 17.627±0.008 16.496±0.004 ... ... ... ... ... ... ...

308 374 0.08 17 24 43.92 -34 11 04.0 ... 19.598±0.183 ... ... ... ... ... ... ...

309 376 0.15 17 24 43.94 -34 12 29.4 20.659±0.053 18.526±0.036 15.69±0.08 14.11±0.07 13.48±0.10 12.29±0.06 11.90±0.09 11.20±0.27 ...

310 377 0.26 17 24 43.96 -34 12 16.8 21.264±0.055 18.669±0.024 16.00±0.13 13.40±0.19 12.41±0.12 11.48±0.08 11.08±0.11 10.60±0.07 ...

311 378 0.29 17 24 43.96 -34 11 32.1 20.601±0.206 18.193±0.021 ... ... ... 12.77±0.11 12.64±0.17 ... ...

312 379 0.23 17 24 43.97 -34 11 45.8 19.667±0.053 17.470±0.011 ... 12.95±0.25 12.30±0.42 11.91±0.06 11.48±0.11 10.95±0.09 ...

313 380 0.23 17 24 44.01 -34 09 51.0 20.725±0.158 18.778±0.053 15.28±0.14 ... ... ... ... ... ...

314 381 0.43 17 24 44.03 -34 12 09.8 21.384±0.103 19.063±0.037 ... ... ... 11.57±0.07 11.11±0.11 10.73±0.07 9.16±0.05
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

315 382 0.59 17 24 44.05 -34 13 24.4 ... 22.385±0.203 ... ... ... 13.30±0.09 13.51±0.32 ... ...

316 383 0.27 17 24 44.04 -34 12 03.2 18.747±0.009 16.599±0.005 ... ... ... 11.60±0.10 11.45±0.26 ... ...

317 384 1.49 17 24 44.20 -34 14 59.8 ... ... 10.27±0.02 9.50±0.02 9.23±0.02 ... ... ... ...

318 386 0.27 17 24 44.11 -34 10 07.6 20.723±0.207 18.557±0.051 14.26±0.24 13.28±0.26 12.00±0.16 ... ... ... ...

319 387 0.22 17 24 44.15 -34 11 38.0 21.430±0.117 18.976±0.042 ... ... ... ... ... ... ...

320 388 0.95 17 24 44.20 -34 11 52.3 22.296±0.250 20.156±0.299 ... ... ... ... ... ... ...

321 389 0.11 17 24 44.15 -34 13 06.8 20.844±0.061 18.484±0.020 15.66±0.07 13.54±0.05 12.43±0.06 11.72±0.05 11.59±0.08 11.67±0.17 ...

322 392 1.01 17 24 44.23 -34 11 55.2 ... 19.846±0.094 ... ... ... ... ... ... ...

323 393 0.41 17 24 44.19 -34 13 30.1 19.838±0.024 17.430±0.007 14.69±0.12 ... ... 12.47±0.12 12.31±0.11 ... ...

324 394 0.16 17 24 44.19 -34 11 51.0 18.677±0.021 16.433±0.006 ... 12.48±0.44 ... 11.28±0.13 11.19±0.33 10.73±0.13 ...

325 395 0.37 17 24 44.25 -34 11 56.4 15.667±0.001 17.930±0.023 ... ... ... ... ... ... ...

326 396 0.24 17 24 44.28 -34 12 03.8 18.803±0.010 16.893±0.009 ... ... ... ... ... ... ...

327 397 0.14 17 24 44.37 -34 12 40.5 17.274±0.004 15.497±0.002 13.16±0.04 12.04±0.05 11.64±0.04 11.24±0.04 11.19±0.05 10.96±0.09 ...

328 399 0.18 17 24 44.39 -34 10 39.9 17.973±0.017 16.006±0.005 12.99±0.14 11.93±0.13 10.97±0.09 ... ... ... ...

329 400 0.26 17 24 44.40 -34 11 50.7 21.900±0.091 18.443±0.036 ... ... ... ... ... ... ...

330 401 1.01 17 24 44.38 -34 11 58.5 15.000±0.001 13.048±0.001 8.45±0.08 7.86±0.07 7.37±0.03 6.96±0.07 6.34±0.06 5.91±0.03 5.39±0.02

331 402 0.30 17 24 44.43 -34 14 40.5 19.822±0.019 17.668±0.008 ... ... ... ... ... ... ...

332 403 0.58 17 24 44.48 -34 12 10.3 20.163±0.037 17.809±0.015 ... ... ... 12.90±0.10 12.89±0.24 ... ...

333 404 0.12 17 24 44.45 -34 11 47.2 17.957±0.010 15.928±0.004 11.41±0.04 10.28±0.04 9.46±0.03 ... ... ... ...

334 405 0.78 17 24 44.43 -34 12 01.8 ... ... 7.94±0.33 7.35±0.16 ... ... ... ... ...

335 406 0.35 17 24 44.49 -34 11 48.4 15.353±0.001 13.682±0.001 11.41±0.04 10.28±0.04 9.46±0.03 8.22±0.05 7.70±0.06 7.28±0.03 6.87±0.03

336 408 0.78 17 24 44.43 -34 12 01.8 ... ... 7.94±0.33 7.35±0.16 ... ... ... ... ...

337 409 0.92 17 24 44.52 -34 16 11.9 22.847±0.072 19.996±0.065 ... ... 13.48±0.09 12.09±0.06 11.68±0.08 11.20±0.10 10.75±0.06

338 411 0.29 17 24 44.57 -34 12 36.4 21.309±0.105 18.808±0.040 ... ... 13.57±0.10 12.04±0.08 11.69±0.11 10.86±0.14 ...

339 412 0.28 17 24 44.66 -34 12 47.5 19.851±0.028 17.382±0.011 14.61±0.07 13.20±0.12 12.67±0.11 12.08±0.07 12.07±0.09 11.65±0.14 ...

340 414 0.21 17 24 44.65 -34 12 05.1 18.616±0.009 16.340±0.005 ... ... ... ... ... ... ...

341 415 0.10 17 24 44.64 -34 11 00.9 14.701±0.001 13.505±0.001 11.70±0.05 11.05±0.08 10.71±0.08 10.28±0.10 9.36±0.15 7.93±0.12 ...

342 416 0.39 17 24 44.68 -34 11 19.5 20.479±0.168 18.049±0.026 16.30±0.23 14.29±0.27 15.41±0.76 ... ... ... ...

343 417 0.55 17 24 44.75 -34 11 40.0 21.533±0.057 19.002±0.062 ... ... ... ... ... ... ...

344 419 0.14 17 24 44.72 -34 08 41.6 20.052±0.052 17.594±0.006 15.06±0.02 13.90±0.02 13.34±0.02 12.83±0.13 12.27±0.18 ... ...

345 420 0.20 17 24 44.74 -34 12 02.8 ... ... 7.82±0.04 7.28±0.03 6.97±0.02 7.06±0.05 6.87±0.07 6.76±0.03 6.80±0.02

346 421 0.51 17 24 44.77 -34 09 42.7 ... 20.074±0.153 ... ... ... ... ... ... ...

347 422 0.36 17 24 44.78 -34 12 10.7 21.988±0.089 19.125±0.049 ... ... ... ... ... ... ...

348 423 0.30 17 24 44.80 -34 17 32.2 20.471±0.031 18.372±0.014 ... ... ... ... ... ... ...

349 425 0.26 17 24 44.80 -34 16 36.4 20.512±0.047 17.680±0.007 14.73±0.05 13.12±0.05 12.24±0.04 10.85±0.04 10.20±0.05 9.59±0.03 8.50±0.03

350 428 0.11 17 24 44.95 -34 11 23.5 17.335±0.009 15.600±0.003 11.40±0.03 10.71±0.06 10.29±0.04 ... ... ... ...

351 429 0.17 17 24 44.94 -34 11 44.9 ... 21.139±0.278 ... 14.40±0.17 13.15±0.10 ... ... ... ...

352 430 0.23 17 24 44.95 -34 13 14.0 19.760±0.022 17.413±0.007 ... 12.85±0.10 ... 11.16±0.05 10.60±0.05 10.18±0.06 9.33±0.05

353 432 0.20 17 24 45.02 -34 11 58.4 19.797±0.026 17.560±0.007 ... ... ... ... ... ... ...

354 433 0.96 17 24 45.06 -34 11 24.3 14.390±0.001 13.161±0.001 11.40±0.03 10.71±0.06 10.29±0.04 10.02±0.18 ... ... ...

355 434 0.29 17 24 45.08 -34 12 34.6 18.896±0.020 16.808±0.006 14.24±0.02 12.94±0.02 12.39±0.04 11.96±0.08 11.92±0.09 ... ...

356 435 0.36 17 24 45.11 -34 11 29.3 21.564±0.132 19.186±0.073 ... ... ... ... ... ... ...

357 436 0.12 17 24 45.13 -34 10 07.9 20.555±0.157 17.525±0.017 13.79±0.02 11.97±0.02 11.19±0.02 10.60±0.14 ... ... ...

358 437 0.42 17 24 45.13 -34 14 01.4 20.571±0.042 18.081±0.012 ... ... ... ... ... ... ...

359 439 0.23 17 24 45.20 -34 12 54.6 17.477±0.003 15.598±0.001 13.27±0.03 12.06±0.03 11.40±0.03 10.75±0.08 10.81±0.08 10.56±0.09 ...

360 440 0.30 17 24 45.24 -34 10 58.2 19.874±0.098 17.790±0.020 14.54±0.21 13.07±0.16 ... 11.13±0.14 10.65±0.25 ... ...

361 441 0.44 17 24 45.23 -34 19 51.8 ... 21.553±0.045 ... ... ... 13.99±0.10 ... ... ...

362 442 0.14 17 24 45.23 -34 10 50.7 19.151±0.050 17.073±0.013 13.92±0.20 ... ... ... ... ... ...

363 444 0.28 17 24 45.29 -34 09 53.2 19.891±0.075 17.771±0.019 15.30±0.07 13.85±0.05 13.88±0.25 ... ... ... ...

364 446 0.35 17 24 45.32 -34 12 19.2 21.712±0.068 18.986±0.043 14.93±0.06 12.89±0.06 11.53±0.04 10.49±0.05 9.88±0.05 9.37±0.04 8.73±0.06

365 447 0.70 17 24 45.35 -34 17 48.6 24.568±0.194 20.559±0.100 ... ... ... 14.41±0.10 14.09±0.33 ... ...

366 448 0.27 17 24 45.39 -34 12 12.6 18.831±0.011 16.841±0.006 14.13±0.06 13.16±0.05 12.62±0.05 12.19±0.06 11.99±0.16 11.51±0.27 ...

367 449 0.45 17 24 45.41 -34 13 09.8 20.785±0.056 18.321±0.016 15.37±0.06 13.89±0.19 13.20±0.14 12.22±0.05 11.76±0.09 11.40±0.11 10.42±0.15

368 450 0.38 17 24 45.44 -34 11 23.3 19.792±0.090 17.761±0.020 ... ... ... ... ... ... ...

369 451 0.11 17 24 45.43 -34 14 32.9 18.991±0.012 16.796±0.003 ... ... ... 11.19±0.07 11.25±0.08 10.67±0.07 9.84±0.06

370 452 0.33 17 24 45.50 -34 11 47.8 20.411±0.097 17.855±0.022 14.94±0.08 13.49±0.09 12.92±0.14 12.51±0.06 12.29±0.20 ... ...

371 453 0.23 17 24 45.50 -34 09 38.9 20.325±0.107 17.877±0.020 ... ... ... ... ... ... ...

372 454 0.25 17 24 45.50 -34 11 29.8 20.899±0.249 18.132±0.028 15.35±0.09 ... 12.95±0.04 11.27±0.07 9.69±0.11 9.72±0.14 ...

373 456 0.37 17 24 45.56 -34 15 04.1 20.274±0.037 18.046±0.011 ... ... ... 11.46±0.05 11.08±0.06 10.61±0.07 9.90±0.06

374 457 0.47 17 24 45.60 -34 14 00.0 21.177±0.074 17.897±0.010 14.72±0.08 13.19±0.09 12.35±0.05 11.52±0.06 11.24±0.07 10.82±0.06 ...

375 458 0.10 17 24 45.63 -34 11 34.4 23.088±0.151 19.841±0.135 ... ... ... 13.09±0.15 ... ... ...
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

376 459 0.34 17 24 45.69 -34 12 46.5 23.174±0.075 20.589±0.146 ... ... ... ... ... ... ...

377 460 0.16 17 24 45.70 -34 14 10.3 21.887±0.053 18.784±0.023 15.72±0.13 ... ... 13.08±0.09 12.82±0.12 ... ...

378 461 0.41 17 24 45.78 -34 11 07.0 20.441±0.162 19.297±0.081 13.36±0.15 12.29±0.15 10.88±0.08 ... ... ... ...

379 462 0.31 17 24 45.79 -34 11 21.7 20.020±0.111 17.866±0.022 ... ... ... 12.09±0.21 ... ... ...

380 463 0.38 17 24 45.79 -34 13 02.5 21.307±0.047 19.362±0.042 16.24±0.11 ... ... 12.66±0.06 12.17±0.12 11.86±0.13 11.60±0.23

381 464 0.22 17 24 45.80 -34 09 39.9 ... ... 8.81±0.03 8.23±0.03 7.95±0.03 7.71±0.07 7.70±0.09 ... ...

382 466 0.14 17 24 45.84 -34 11 31.4 20.124±0.131 17.787±0.025 13.71±0.02 ... 12.41±0.02 11.67±0.08 11.68±0.26 ... ...

383 467 0.26 17 24 45.87 -34 11 24.2 18.853±0.029 16.741±0.008 13.96±0.02 12.57±0.06 11.98±0.02 11.16±0.11 ... ... ...

384 468 0.34 17 24 45.85 -34 14 54.8 18.153±0.004 16.067±0.002 12.42±0.03 11.29±0.04 10.82±0.03 10.44±0.04 10.44±0.05 10.35±0.06 10.29±0.06

385 469 0.28 17 24 45.93 -34 12 41.2 22.052±0.093 19.063±0.046 ... 14.35±0.12 ... 13.29±0.07 13.39±0.17 ... ...

386 470 0.67 17 24 46.01 -34 14 49.7 19.996±0.022 18.032±0.011 13.44±0.05 12.67±0.09 12.07±0.05 11.32±0.07 10.99±0.08 10.53±0.08 10.05±0.05

387 471 0.22 17 24 46.02 -34 14 07.6 18.180±0.005 16.030±0.002 13.11±0.04 11.48±0.04 10.67±0.04 10.19±0.09 10.34±0.10 9.96±0.06 10.13±0.05

388 472 0.26 17 24 46.04 -34 09 42.3 18.021±0.013 15.890±0.003 ... ... ... ... ... ... ...

389 473 0.23 17 24 46.04 -34 10 44.8 19.848±0.061 17.899±0.027 ... ... ... ... ... ... ...

390 474 0.21 17 24 46.17 -34 11 27.4 21.857±0.133 19.642±0.115 ... ... ... ... ... ... ...

391 475 0.66 17 24 46.26 -34 11 43.4 21.404±0.116 18.362±0.036 15.58±0.06 ... ... 11.83±0.14 11.47±0.14 11.26±0.23 ...

392 476 0.24 17 24 46.24 -34 12 30.8 18.887±0.020 16.737±0.006 13.69±0.05 12.34±0.08 11.51±0.07 ... ... ... ...

393 477 0.50 17 24 46.39 -34 14 16.3 22.864±0.131 19.794±0.060 16.56±0.15 14.89±0.12 ... 13.24±0.09 12.73±0.10 ... ...

394 479 0.23 17 24 46.43 -34 12 32.4 ... 21.501±0.102 ... ... ... ... ... ... ...

395 480 0.29 17 24 46.49 -34 12 56.3 19.656±0.020 17.687±0.009 14.65±0.04 13.32±0.02 12.74±0.03 12.25±0.05 12.08±0.07 11.61±0.09 ...

396 481 0.45 17 24 46.48 -34 11 58.7 22.198±0.214 18.976±0.064 ... ... ... 13.82±0.18 ... ... ...

397 482 0.35 17 24 46.51 -34 14 42.0 21.452±0.018 20.149±0.078 16.03±0.11 14.48±0.15 13.52±0.09 12.16±0.05 11.80±0.07 11.39±0.08 10.86±0.18

398 483 0.40 17 24 46.58 -34 12 01.5 21.140±0.138 18.428±0.039 ... ... ... ... ... ... ...

399 484 0.28 17 24 46.57 -34 12 40.8 17.391±0.005 15.444±0.002 12.78±0.04 11.47±0.04 10.87±0.03 ... ... ... ...

400 485 0.26 17 24 46.58 -34 12 42.4 19.632±0.017 17.137±0.009 12.78±0.04 11.47±0.04 10.87±0.04 10.36±0.09 9.90±0.11 9.47±0.06 9.07±0.05

401 487 0.43 17 24 46.64 -34 13 35.1 22.339±0.122 19.485±0.048 16.27±0.10 ... ... 13.78±0.08 13.44±0.15 ... ...

402 488 0.41 17 24 46.61 -34 09 55.9 ... 21.190±0.313 ... ... ... ... ... ... ...

403 489 0.26 17 24 46.61 -34 06 45.2 12.570±0.001 12.068±0.001 11.22±0.02 10.87±0.02 10.77±0.02 10.73±0.04 10.67±0.06 10.72±0.06 ...

404 490 0.31 17 24 46.63 -34 13 30.4 20.632±0.049 17.894±0.011 14.81±0.06 13.23±0.08 12.47±0.05 11.25±0.05 10.80±0.06 10.32±0.06 9.69±0.05

405 491 0.23 17 24 46.68 -34 12 00.5 19.408±0.047 17.309±0.016 ... ... 12.32±0.04 11.71±0.08 11.56±0.11 ... ...

406 493 0.21 17 24 46.70 -34 12 33.6 18.195±0.010 16.106±0.003 13.26±0.05 11.90±0.11 ... 10.90±0.06 10.75±0.09 10.57±0.07 ...

407 494 0.42 17 24 46.75 -34 12 35.5 22.431±0.133 19.074±0.051 ... ... ... ... ... ... ...

408 495 0.32 17 24 46.76 -34 12 40.0 19.694±0.041 17.591±0.013 ... ... ... 12.47±0.11 ... ... ...

409 496 0.23 17 24 46.80 -34 15 19.4 19.538±0.015 17.496±0.007 14.86±0.14 13.61±0.11 13.18±0.05 12.77±0.05 12.84±0.10 12.32±0.22 ...

410 497 0.94 17 24 46.93 -34 12 32.7 21.908±0.092 17.558±0.013 ... ... ... ... ... ... ...

411 498 0.27 17 24 46.91 -34 11 06.8 19.983±0.116 17.776±0.021 ... ... ... ... ... ... ...

412 499 0.37 17 24 47.02 -34 12 31.9 18.099±0.009 16.012±0.004 13.00±0.10 ... ... 10.10±0.07 9.79±0.06 9.36±0.04 8.98±0.05

413 500 0.56 17 24 47.05 -34 13 04.3 21.658±0.063 19.254±0.039 ... 13.74±0.07 ... 11.72±0.06 11.36±0.07 10.85±0.08 10.20±0.05

414 501 0.29 17 24 47.03 -34 13 58.3 23.531±0.075 20.693±0.040 ... ... ... ... ... ... ...

415 503 0.21 17 24 47.11 -34 12 23.4 21.172±0.088 18.698±0.036 15.69±0.07 14.12±0.10 13.42±0.08 12.73±0.10 12.60±0.10 ... ...

416 504 1.32 17 24 47.13 -34 10 53.1 ... 19.754±0.150 14.41±0.24 13.32±0.25 11.92±0.13 ... ... ... ...

417 505 0.23 17 24 47.13 -34 08 25.0 20.200±0.022 17.580±0.005 14.84±0.04 13.53±0.02 12.83±0.02 11.98±0.08 11.54±0.09 ... ...

418 506 0.27 17 24 47.12 -34 15 41.2 15.802±0.001 14.128±0.001 12.00±0.03 11.09±0.09 10.60±0.06 10.19±0.08 9.89±0.06 9.77±0.05 9.04±0.03

419 507 0.20 17 24 47.19 -34 11 29.9 20.975±0.078 18.787±0.053 16.09±0.13 ... ... ... ... ... ...

420 508 0.21 17 24 47.24 -34 12 33.4 18.139±0.010 16.319±0.004 13.26±0.04 ... 11.29±0.03 ... ... ... ...

421 509 0.93 17 24 47.33 -34 11 01.4 ... 19.919±0.159 ... ... ... ... ... ... ...

422 511 0.21 17 24 47.33 -34 10 30.3 18.767±0.030 17.352±0.015 ... ... ... ... ... ... ...

423 512 0.32 17 24 47.36 -34 15 41.8 19.856±0.019 17.629±0.007 ... ... ... 11.38±0.12 11.84±0.22 11.46±0.11 ...

424 513 0.04 17 24 47.39 -34 08 56.9 ... ... ... ... 13.71±0.05 ... ... ... ...

425 514 0.20 17 24 47.41 -34 12 41.4 16.151±0.002 14.338±0.001 12.04±0.03 10.93±0.06 10.46±0.03 10.16±0.06 10.10±0.05 9.94±0.05 10.00±0.05

426 515 0.37 17 24 47.46 -34 12 00.4 18.046±0.014 16.032±0.004 13.24±0.03 11.89±0.04 11.23±0.03 ... ... ... ...

427 516 0.31 17 24 47.50 -34 13 54.9 19.436±0.015 17.135±0.005 13.88±0.04 12.56±0.05 11.99±0.04 11.45±0.06 11.20±0.08 10.99±0.08 10.57±0.14

428 517 0.18 17 24 47.55 -34 15 07.2 13.980±0.001 12.600±0.001 10.74±0.04 9.99±0.06 ... ... 9.53±0.10 9.55±0.08 9.57±0.19

429 518 0.38 17 24 47.56 -34 15 16.9 21.145±0.070 18.680±0.022 ... ... ... ... ... ... ...

430 519 0.13 17 24 47.58 -34 10 48.6 17.838±0.015 15.486±0.003 12.34±0.05 10.87±0.05 10.17±0.04 9.47±0.07 9.25±0.14 ... ...

431 520 0.89 17 24 47.56 -34 10 20.9 22.683±0.310 19.393±0.094 ... ... ... ... ... ... ...

432 522 0.48 17 24 47.74 -34 18 16.5 21.235±0.059 18.800±0.019 ... ... ... 13.54±0.23 13.43±0.16 ... ...

433 523 0.38 17 24 47.77 -34 15 04.1 19.596±0.015 17.268±0.005 ... ... ... ... ... ... ...

434 524 0.25 17 24 47.82 -34 14 51.0 21.010±0.055 18.519±0.017 15.04±0.06 13.52±0.06 12.90±0.05 11.71±0.07 11.40±0.09 10.68±0.13 ...

435 525 0.19 17 24 47.83 -34 11 01.8 19.613±0.046 17.771±0.016 ... ... ... ... ... ... ...

436 527 0.44 17 24 47.91 -34 15 16.9 ... ... 9.36±0.03 8.75±0.05 8.42±0.02 8.29±0.04 8.19±0.04 8.20±0.03 8.21±0.03
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

437 528 0.42 17 24 47.94 -34 13 25.2 21.069±0.067 18.885±0.026 16.07±0.14 ... ... 13.81±0.10 13.56±0.18 ... ...

438 529 0.10 17 24 47.95 -34 10 45.7 20.051±0.104 17.685±0.019 14.61±0.10 13.23±0.09 12.60±0.07 12.29±0.20 ... ... ...

439 530 0.47 17 24 47.97 -34 17 35.8 13.066±0.001 12.040±0.001 10.53±0.03 9.84±0.03 9.59±0.02 9.51±0.03 9.45±0.04 9.39±0.04 9.37±0.03

440 531 0.37 17 24 47.97 -34 11 04.3 19.740±0.051 17.595±0.013 14.01±0.16 12.89±0.15 11.82±0.11 ... ... ... ...

441 532 0.24 17 24 48.01 -34 12 18.8 21.776±0.107 18.747±0.031 15.51±0.11 13.83±0.13 ... 12.80±0.09 ... ... ...

442 533 0.35 17 24 48.16 -34 10 53.0 21.204±0.300 18.542±0.042 15.36±0.30 14.35±0.24 ... ... ... ... ...

443 534 0.23 17 24 48.13 -34 13 50.1 22.572±0.086 19.271±0.035 15.82±0.08 ... ... 13.15±0.09 12.77±0.08 ... ...

444 535 0.24 17 24 48.16 -34 13 00.6 21.233±0.064 18.962±0.028 ... ... ... 13.42±0.09 13.52±0.15 ... ...

445 536 0.50 17 24 48.16 -34 15 47.6 19.369±0.012 17.288±0.005 14.40±0.03 13.06±0.06 12.43±0.04 11.49±0.04 11.19±0.06 11.12±0.08 10.71±0.07

446 537 0.22 17 24 48.37 -34 12 16.8 22.117±0.088 18.718±0.030 15.52±0.07 ... ... 12.87±0.14 12.72±0.18 ... ...

447 538 1.17 17 24 48.32 -34 17 07.6 17.718±0.003 15.919±0.001 13.50±0.06 12.30±0.11 ... 11.15±0.08 11.18±0.11 11.17±0.11 10.81±0.12

448 539 0.53 17 24 48.49 -34 17 43.9 ... ... 8.76±0.03 8.30±0.07 8.03±0.02 7.91±0.04 7.87±0.04 7.86±0.03 7.83±0.02

449 540 1.18 17 24 48.47 -34 14 41.5 22.877±0.071 19.847±0.068 ... ... ... ... ... ... ...

450 541 0.44 17 24 48.50 -34 10 53.7 ... 20.048±0.167 ... ... ... ... ... ... ...

451 542 0.56 17 24 48.70 -34 12 39.0 ... 20.642±0.176 ... ... ... ... ... ... ...

452 543 0.31 17 24 48.74 -34 18 02.3 20.676±0.036 18.687±0.017 ... 13.09±0.09 12.22±0.07 11.43±0.07 11.37±0.08 11.03±0.09 10.88±0.15

453 544 0.45 17 24 48.85 -34 09 21.9 21.003±0.168 18.711±0.037 15.87±0.13 ... ... ... ... ... ...

454 546 0.35 17 24 48.95 -34 15 35.9 22.628±0.053 20.297±0.072 15.51±0.05 14.01±0.06 13.29±0.06 12.21±0.08 11.73±0.09 11.31±0.10 10.66±0.17

455 547 0.35 17 24 48.96 -34 09 24.9 ... 19.862±0.129 16.02±0.12 ... ... ... ... ... ...

456 548 0.34 17 24 48.96 -34 14 54.1 20.822±0.046 18.318±0.014 ... ... ... ... 10.90±0.18 ... ...

457 549 0.27 17 24 48.96 -34 13 50.9 19.072±0.010 16.905±0.004 14.14±0.06 12.83±0.08 12.28±0.06 ... ... ... ...

458 550 0.20 17 24 48.95 -34 10 59.3 ... 20.370±0.203 ... ... ... ... ... ... ...

459 551 0.53 17 24 49.00 -34 14 02.3 24.732±0.191 20.894±0.042 ... 14.56±0.07 13.31±0.05 ... 11.33±0.16 ... ...

460 552 0.54 17 24 49.05 -34 15 20.6 20.542±0.036 17.945±0.010 ... ... ... 10.43±0.06 10.19±0.07 9.85±0.06 9.14±0.07

461 553 0.12 17 24 49.06 -34 12 32.8 21.739±0.055 19.125±0.044 15.99±0.14 ... ... 13.70±0.13 13.91±0.32 ... ...

462 554 0.80 17 24 49.15 -34 14 26.4 ... ... ... 13.71±0.16 12.38±0.10 11.33±0.17 11.06±0.13 ... ...

463 555 0.06 17 24 49.17 -34 14 55.3 20.398±0.031 17.677±0.008 14.32±0.06 12.68±0.06 11.73±0.04 ... 10.49±0.18 ... ...

464 556 0.23 17 24 49.25 -34 11 25.0 18.658±0.019 16.356±0.004 13.31±0.02 11.88±0.04 11.26±0.03 10.65±0.05 10.51±0.08 10.34±0.13 ...

465 557 0.38 17 24 49.26 -34 15 19.2 19.679±0.018 17.233±0.005 ... ... ... 10.26±0.06 9.73±0.05 9.31±0.04 8.69±0.04

466 558 0.59 17 24 49.31 -34 13 20.2 20.695±0.048 18.195±0.013 15.23±0.08 14.00±0.06 13.47±0.08 12.86±0.06 12.90±0.11 ... ...

467 559 0.62 17 24 49.27 -34 16 48.8 20.057±0.022 17.664±0.007 14.82±0.09 13.30±0.11 12.76±0.09 12.04±0.05 11.98±0.08 11.90±0.16 ...

468 560 0.30 17 24 49.46 -34 13 53.0 21.709±0.112 19.162±0.032 15.46±0.11 13.64±0.09 12.57±0.05 11.37±0.11 10.85±0.10 ... ...

469 561 0.35 17 24 49.46 -34 12 29.1 19.306±0.024 17.254±0.008 14.37±0.07 13.04±0.09 12.47±0.06 11.97±0.06 11.97±0.10 11.76±0.16 ...

470 562 0.12 17 24 49.49 -34 15 21.8 22.398±0.046 19.315±0.035 ... ... ... 13.85±0.11 13.14±0.30 ... ...

471 563 0.44 17 24 49.52 -34 12 01.4 21.992±0.065 18.803±0.041 ... ... ... 12.81±0.11 12.89±0.18 ... ...

472 564 0.37 17 24 49.59 -34 12 32.1 20.834±0.097 18.298±0.021 ... ... ... 12.34±0.07 12.51±0.14 ... ...

473 565 0.39 17 24 49.66 -34 15 27.9 18.776±0.008 16.515±0.003 ... ... 11.64±0.06 11.21±0.04 11.16±0.07 11.09±0.08 ...

474 566 0.54 17 24 49.71 -34 11 14.8 ... 20.923±0.176 ... ... ... 11.70±0.09 10.68±0.33 9.75±0.33 ...

475 567 0.15 17 24 49.79 -34 15 58.9 19.298±0.011 17.039±0.004 14.38±0.07 12.96±0.08 12.19±0.05 10.75±0.04 10.33±0.04 10.05±0.05 9.48±0.04

476 568 0.23 17 24 49.79 -34 09 00.4 19.152±0.032 17.463±0.012 15.65±0.04 14.50±0.06 ... ... ... ... ...

477 569 0.60 17 24 49.87 -34 14 55.4 ... ... ... ... ... ... 10.42±0.19 8.86±0.23 ...

478 570 0.22 17 24 49.85 -34 12 10.9 21.110±0.167 18.573±0.026 ... ... ... ... ... ... ...

479 571 0.75 17 24 49.85 -34 11 36.3 20.610±0.130 18.151±0.023 14.84±0.02 13.43±0.02 12.88±0.02 12.27±0.06 12.38±0.14 ... ...

480 572 0.20 17 24 50.00 -34 15 55.9 20.902±0.045 18.737±0.019 ... ... ... 13.43±0.08 13.27±0.10 ... ...

481 573 0.52 17 24 50.05 -34 12 13.5 16.306±0.002 14.818±0.001 12.86±0.05 12.07±0.04 11.73±0.04 11.45±0.07 11.30±0.06 ... ...

482 574 0.84 17 24 50.07 -34 15 14.3 21.035±0.056 18.340±0.017 15.79±0.07 ... ... 12.34±0.06 12.03±0.10 11.26±0.08 ...

483 576 0.33 17 24 50.09 -34 10 30.0 22.008±0.245 19.056±0.059 15.90±0.11 14.49±0.12 ... ... ... ... ...

484 577 0.28 17 24 50.16 -34 12 43.7 17.274±0.004 15.202±0.001 12.54±0.04 11.30±0.06 10.79±0.04 10.39±0.03 10.19±0.04 9.98±0.05 9.61±0.05

485 578 0.42 17 24 50.33 -34 12 46.9 19.335±0.025 17.102±0.007 14.17±0.04 12.70±0.05 12.07±0.04 11.15±0.05 10.64±0.07 10.10±0.05 9.52±0.05

486 579 0.25 17 24 50.41 -34 11 12.5 19.261±0.033 17.381±0.011 14.50±0.13 13.36±0.13 12.74±0.11 ... ... ... ...

487 580 1.09 17 24 50.41 -34 16 54.7 22.708±0.052 19.444±0.036 16.12±0.12 14.54±0.09 ... 12.70±0.05 12.62±0.15 11.74±0.23 11.73±0.13

488 581 0.15 17 24 50.48 -34 15 43.6 22.243±0.037 19.270±0.032 15.84±0.08 14.33±0.07 13.51±0.05 12.24±0.05 11.79±0.07 11.27±0.08 10.83±0.07

489 582 0.52 17 24 50.57 -34 12 55.6 19.318±0.013 16.940±0.004 13.96±0.05 12.43±0.05 11.69±0.03 10.94±0.08 10.69±0.06 10.19±0.06 9.88±0.07

490 583 0.44 17 24 50.73 -34 10 55.1 21.466±0.368 19.259±0.063 ... 14.84±0.09 ... ... ... ... ...

491 584 0.87 17 24 50.73 -34 15 30.1 20.812±0.045 18.079±0.011 15.14±0.07 13.68±0.09 13.26±0.09 12.73±0.06 12.72±0.11 ... ...

492 585 0.17 17 24 50.74 -34 13 07.4 19.606±0.017 17.391±0.006 ... ... 12.73±0.07 12.16±0.11 12.11±0.09 ... ...

493 588 0.93 17 24 51.12 -34 17 25.7 20.588±0.036 18.252±0.012 ... 14.00±0.05 ... 12.27±0.07 11.86±0.08 11.45±0.09 10.60±0.06

494 589 0.11 17 24 51.17 -34 12 01.4 15.427±0.001 14.135±0.001 12.13±0.03 11.48±0.03 11.15±0.04 11.02±0.08 10.98±0.12 10.56±0.16 ...

495 590 0.47 17 24 51.26 -34 10 59.8 ... 20.423±0.243 ... 14.82±0.11 13.91±0.16 ... ... ... ...

496 591 0.65 17 24 51.35 -34 16 15.0 22.915±0.063 19.681±0.045 ... ... ... 13.44±0.08 13.13±0.10 ... ...

497 593 0.40 17 24 51.41 -34 14 55.2 20.510±0.034 18.041±0.011 15.05±0.07 13.66±0.08 13.06±0.06 ... 12.66±0.15 ... ...
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

498 594 0.36 17 24 51.55 -34 13 24.8 ... 22.536±0.184 ... ... ... ... ... ... ...

499 596 0.36 17 24 51.78 -34 10 47.0 16.196±0.003 14.428±0.001 12.21±0.03 11.25±0.04 10.78±0.03 ... ... ... ...

500 597 0.25 17 24 51.83 -34 11 00.1 20.075±0.070 17.754±0.016 14.81±0.03 13.25±0.02 12.62±0.02 11.28±0.05 10.66±0.08 9.92±0.09 ...

501 598 0.26 17 24 51.91 -34 13 31.6 23.347±0.140 20.175±0.085 15.57±0.06 13.55±0.03 12.49±0.03 11.57±0.11 11.23±0.09 10.33±0.19 ...

502 599 0.15 17 24 51.96 -34 15 13.2 20.245±0.027 17.977±0.010 15.11±0.06 13.78±0.07 13.20±0.06 12.84±0.08 12.74±0.12 ... ...

503 600 0.62 17 24 51.95 -34 16 58.9 15.022±0.001 14.179±0.001 13.26±0.03 12.80±0.05 12.65±0.05 12.61±0.06 12.54±0.08 12.54±0.28 ...

504 601 0.42 17 24 52.06 -34 09 20.9 21.166±0.199 18.624±0.035 15.76±0.06 14.25±0.05 13.74±0.06 ... ... ... ...

505 602 0.62 17 24 52.17 -34 11 14.3 22.360±0.335 19.592±0.111 15.31±0.14 14.19±0.17 ... ... ... ... ...

506 603 0.21 17 24 52.35 -34 10 23.8 22.336±0.105 19.528±0.067 ... ... ... ... ... ... ...

507 604 0.41 17 24 52.44 -34 14 54.2 21.078±0.062 18.934±0.024 15.88±0.10 14.57±0.10 ... 13.54±0.10 13.50±0.15 ... ...

508 605 0.46 17 24 52.44 -34 15 14.0 22.802±0.111 19.540±0.043 16.28±0.11 14.73±0.13 ... 12.44±0.05 12.15±0.10 11.72±0.11 10.84±0.07

509 606 0.32 17 24 52.46 -34 13 07.0 ... 21.647±0.090 ... ... ... 13.31±0.20 13.31±0.21 ... ...

510 607 0.74 17 24 52.41 -34 17 27.6 ... 21.170±0.048 13.54±0.05 12.39±0.06 11.88±0.05 11.45±0.10 11.45±0.08 11.38±0.07 11.77±0.17

511 608 0.22 17 24 52.58 -34 11 04.0 21.124±0.168 18.767±0.031 16.24±0.13 14.83±0.09 ... ... ... ... ...

512 610 0.23 17 24 53.06 -34 12 23.0 22.157±0.069 19.285±0.042 ... ... ... ... ... ... ...

513 611 0.40 17 24 53.05 -34 15 38.5 20.889±0.050 18.246±0.012 15.17±0.04 13.75±0.05 13.10±0.05 12.21±0.05 11.97±0.07 11.57±0.08 11.69±0.31

514 612 0.40 17 24 53.10 -34 15 26.0 16.516±0.001 14.541±0.001 11.99±0.03 10.85±0.04 10.36±0.03 9.96±0.05 9.96±0.05 9.72±0.05 9.58±0.05

515 613 0.61 17 24 53.11 -34 16 09.2 16.510±0.001 14.969±0.001 13.00±0.03 12.25±0.05 11.88±0.04 11.56±0.04 11.54±0.06 11.50±0.09 11.74±0.85

516 614 0.27 17 24 53.15 -34 14 17.3 ... ... ... ... ... 11.82±0.11 11.24±0.07 11.18±0.71 ...

517 615 1.11 17 24 53.27 -34 12 07.4 18.909±0.013 17.032±0.005 ... ... 13.31±0.05 13.00±0.11 13.08±0.20 ... ...

518 616 0.53 17 24 53.18 -34 13 36.6 ... ... ... 14.03±0.13 12.97±0.05 11.98±0.07 11.62±0.07 ... ...

519 617 0.39 17 24 53.25 -34 14 52.8 21.415±0.031 18.691±0.020 15.17±0.06 13.76±0.07 13.05±0.06 11.76±0.06 11.07±0.07 10.63±0.06 10.02±0.10

520 619 0.31 17 24 53.43 -34 15 51.4 22.025±0.045 18.915±0.023 15.71±0.07 14.07±0.11 13.44±0.12 12.96±0.11 12.86±0.15 11.98±0.20 ...

521 620 0.14 17 24 53.49 -34 10 56.2 20.714±0.087 18.346±0.021 14.76±0.09 12.96±0.09 11.85±0.05 10.68±0.07 10.61±0.10 10.41±0.11 ...

522 621 0.20 17 24 53.55 -34 12 01.6 21.672±0.044 19.092±0.041 16.20±0.12 ... ... ... ... ... ...

523 622 0.43 17 24 53.65 -34 12 22.1 21.012±0.085 18.374±0.018 14.73±0.07 13.15±0.10 12.30±0.08 11.95±0.13 11.79±0.16 ... ...

524 623 0.24 17 24 53.63 -34 12 15.3 19.060±0.014 16.617±0.004 13.62±0.04 12.29±0.07 11.81±0.05 11.45±0.08 11.41±0.10 ... ...

525 624 1.01 17 24 53.69 -34 16 04.4 22.085±0.048 19.913±0.014 15.60±0.08 13.98±0.05 13.14±0.05 12.06±0.05 11.66±0.07 11.08±0.07 10.45±0.07

526 625 0.60 17 24 53.73 -34 16 51.5 17.934±0.003 16.007±0.002 13.68±0.04 12.63±0.05 12.23±0.04 11.90±0.05 11.90±0.06 11.75±0.09 ...

527 627 0.40 17 24 53.79 -34 14 39.4 19.159±0.011 16.951±0.004 13.68±0.08 11.61±0.09 10.55±0.05 9.97±0.06 10.03±0.05 9.69±0.05 9.92±0.09

528 629 0.74 17 24 53.89 -34 13 55.0 ... ... ... ... ... 11.97±0.05 11.02±0.06 10.32±0.08 9.73±0.22

529 630 0.10 17 24 54.01 -34 12 35.1 22.488±0.096 19.330±0.051 15.30±0.08 ... ... 11.45±0.10 11.01±0.10 10.57±0.10 ...

530 631 0.18 17 24 54.12 -34 10 36.2 19.629±0.038 17.440±0.009 14.77±0.08 13.51±0.06 12.98±0.05 12.74±0.10 12.81±0.21 ... ...

531 632 0.56 17 24 54.27 -34 13 48.4 ... ... ... ... ... 13.36±0.12 13.07±0.15 ... ...

532 633 0.20 17 24 54.27 -34 14 57.6 20.020±0.023 17.851±0.009 15.05±0.07 13.32±0.09 12.13±0.05 ... ... ... ...

533 634 0.30 17 24 54.33 -34 12 09.6 22.605±0.103 19.279±0.042 14.93±0.08 13.02±0.09 12.06±0.07 10.71±0.06 10.09±0.06 9.43±0.08 8.85±0.66

534 636 0.08 17 24 54.56 -34 09 52.2 19.735±0.034 17.427±0.008 14.78±0.02 13.41±0.02 13.02±0.02 12.00±0.20 11.64±0.34 ... ...

535 637 0.39 17 24 54.64 -34 12 46.4 22.237±0.074 19.636±0.059 ... ... ... ... ... ... ...

536 638 0.16 17 24 54.84 -34 12 58.9 20.277±0.031 17.787±0.009 ... 13.07±0.04 12.41±0.04 11.91±0.05 11.79±0.09 ... ...

537 639 0.30 17 24 54.91 -34 11 23.9 21.932±0.052 19.044±0.040 15.53±0.09 14.30±0.08 13.47±0.06 12.23±0.08 11.72±0.07 ... ...

538 640 0.80 17 24 54.97 -34 19 03.8 20.980±0.047 18.324±0.011 15.22±0.04 13.61±0.04 12.98±0.04 12.53±0.04 12.43±0.08 11.50±0.15 ...

539 642 0.39 17 24 55.10 -34 16 25.9 ... 21.747±0.028 13.53±0.04 10.98±0.03 9.75±0.02 8.86±0.03 8.96±0.03 8.60±0.02 8.62±0.02

540 643 0.09 17 24 55.09 -34 11 11.7 14.196±0.001 12.346±0.001 10.09±0.02 9.29±0.03 8.87±0.02 8.62±0.03 8.56±0.04 8.49±0.06 ...

541 644 0.20 17 24 55.13 -34 14 42.2 22.460±0.082 20.022±0.066 ... ... ... 13.72±0.09 13.14±0.13 ... ...

542 645 0.73 17 24 55.23 -34 15 26.1 22.385±0.076 19.713±0.014 ... ... ... 13.85±0.12 ... ... ...

543 646 0.11 17 24 55.24 -34 10 10.3 ... ... ... ... ... 12.64±0.22 ... ... ...

544 647 0.06 17 24 55.49 -34 15 21.6 20.371±0.032 17.564±0.007 14.21±0.07 12.68±0.09 11.98±0.07 11.58±0.07 11.46±0.07 11.33±0.07 ...

545 648 1.13 17 24 55.51 -34 14 50.9 22.367±0.095 18.906±0.024 15.82±0.12 14.52±0.09 ... 13.60±0.09 13.46±0.09 ... ...

546 649 0.33 17 24 55.55 -34 16 31.7 18.504±0.005 16.525±0.002 13.86±0.04 12.57±0.04 12.06±0.04 11.70±0.05 11.65±0.07 11.36±0.09 11.96±0.18

547 650 0.17 17 24 55.61 -34 12 46.1 21.078±0.092 18.301±0.017 14.98±0.06 13.44±0.09 12.81±0.05 12.31±0.07 12.00±0.20 ... ...

548 652 0.35 17 24 55.82 -34 12 39.7 22.613±0.094 19.514±0.043 14.95±0.14 13.37±0.14 12.65±0.10 11.72±0.08 11.45±0.10 ... ...

549 653 0.84 17 24 55.83 -34 16 34.2 21.245±0.066 18.897±0.022 15.89±0.08 14.59±0.06 13.79±0.05 13.95±0.18 13.73±0.18 ... ...

550 654 0.44 17 24 55.87 -34 12 34.4 15.358±0.001 13.272±0.001 10.64±0.03 9.34±0.02 8.39±0.03 6.78±0.04 6.01±0.05 5.21±0.02 4.60±0.02

551 655 0.12 17 24 56.12 -34 12 43.1 23.080±0.077 20.160±0.076 ... ... ... ... ... ... ...

552 657 0.38 17 24 56.42 -34 12 33.2 23.592±0.184 21.172±0.061 ... ... ... 12.76±0.09 12.05±0.29 ... ...

553 658 0.78 17 24 56.48 -34 06 05.6 21.098±0.053 19.801±0.047 ... ... ... ... ... ... ...

554 660 0.58 17 24 56.64 -34 09 59.9 23.687±0.125 20.149±0.062 ... ... ... ... ... ... ...

555 661 0.99 17 24 56.74 -34 17 27.6 17.232±0.002 15.417±0.001 12.93±0.03 11.85±0.05 11.33±0.04 10.88±0.04 10.71±0.06 10.48±0.05 10.22±0.04

556 662 0.17 17 24 56.88 -34 07 23.1 ... 21.734±0.055 ... ... ... 14.22±0.11 13.37±0.22 ... ...

557 663 0.27 17 24 56.91 -34 16 44.9 18.951±0.008 16.934±0.004 14.06±0.04 12.70±0.05 12.13±0.05 11.78±0.04 11.68±0.10 11.80±0.10 ...

558 664 0.38 17 24 57.01 -34 16 52.0 21.395±0.075 18.832±0.021 ... ... ... ... ... ... ...
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

559 665 0.22 17 24 57.03 -34 11 44.3 23.436±0.218 20.003±0.052 16.09±0.08 14.53±0.04 13.63±0.05 12.94±0.09 12.77±0.12 ... ...

560 666 0.44 17 24 57.04 -34 13 54.2 15.625±0.001 14.665±0.001 13.50±0.03 12.79±0.02 12.59±0.02 12.50±0.11 12.66±0.11 ... ...

561 667 0.65 17 24 57.09 -34 09 17.5 21.552±0.082 18.678±0.016 15.67±0.06 14.24±0.03 13.89±0.04 13.22±0.10 13.34±0.31 ... ...

562 668 0.44 17 24 57.37 -34 16 02.1 23.034±0.152 19.573±0.043 15.39±0.08 13.49±0.08 12.69±0.06 12.03±0.08 12.00±0.12 11.86±0.13 ...

563 669 0.23 17 24 57.51 -34 10 39.8 ... 21.457±0.080 ... ... ... ... ... ... ...

564 670 0.44 17 24 57.81 -34 10 00.8 ... ... ... ... 12.93±0.13 11.80±0.08 11.85±0.09 ... ...

565 671 0.40 17 24 57.85 -34 10 32.9 24.293±0.109 21.779±0.085 ... ... ... 11.97±0.06 11.49±0.10 ... ...

566 672 0.26 17 24 57.89 -34 12 04.2 18.308±0.005 15.655±0.001 12.16±0.03 10.83±0.02 10.26±0.02 9.83±0.03 9.74±0.04 9.56±0.05 ...

567 673 0.17 17 24 57.94 -34 10 25.6 21.505±0.082 19.314±0.029 ... ... ... ... ... ... ...

568 678 0.68 17 24 58.69 -34 12 32.7 22.207±0.065 19.581±0.045 ... ... ... ... ... ... ...

569 679 0.96 17 24 58.82 -34 16 46.3 23.548±0.067 19.825±0.052 ... ... ... ... ... ... ...

570 680 0.28 17 24 58.84 -34 15 18.8 19.702±0.018 17.423±0.006 14.01±0.04 12.51±0.04 11.72±0.03 10.50±0.04 9.91±0.04 9.43±0.04 8.56±0.03

571 681 0.31 17 24 58.94 -34 10 25.0 ... 20.822±0.117 15.87±0.07 13.74±0.06 12.74±0.05 11.91±0.07 11.56±0.06 ... ...

572 682 0.20 17 24 58.94 -34 17 22.7 20.695±0.040 18.560±0.016 15.36±0.06 13.90±0.08 13.21±0.07 12.50±0.05 12.49±0.13 ... ...

573 683 1.50 17 24 58.91 -34 17 04.4 ... ... 16.47±0.14 ... ... 13.86±0.09 14.10±0.25 ... ...

574 684 1.31 17 24 58.96 -34 12 49.9 ... ... ... ... ... 12.21±0.14 11.09±0.09 ... ...

575 685 0.03 17 24 58.98 -34 11 58.1 18.528±0.006 16.697±0.003 14.38±0.09 13.44±0.10 12.91±0.10 12.83±0.06 12.72±0.18 ... ...

576 688 1.47 17 24 58.97 -34 06 28.2 19.563±0.013 18.020±0.009 ... ... 13.48±0.04 11.85±0.06 11.48±0.08 ... ...

577 689 0.66 17 24 59.13 -34 16 47.5 18.681±0.006 16.916±0.004 14.04±0.03 12.35±0.04 11.21±0.03 9.95±0.07 9.57±0.07 9.28±0.05 8.96±0.04

578 690 0.35 17 24 59.41 -34 13 26.1 ... ... ... 14.29±0.23 13.04±0.16 12.58±0.08 12.44±0.12 ... ...

579 691 0.68 17 24 59.64 -34 17 16.1 24.744±0.187 20.537±0.023 15.16±0.08 13.19±0.21 12.31±0.14 11.70±0.04 11.70±0.06 11.81±0.17 ...

580 692 0.08 17 24 59.75 -34 09 58.8 23.124±0.165 20.234±0.068 ... ... ... ... ... ... ...

581 693 0.41 17 24 59.85 -34 13 03.3 ... 20.200±0.056 14.88±0.04 12.65±0.03 11.62±0.03 10.89±0.06 10.71±0.14 ... ...

582 694 0.08 17 24 59.86 -34 16 11.0 15.515±0.001 13.775±0.001 11.09±0.03 9.44±0.03 8.14±0.03 6.87±0.05 6.25±0.05 5.56±0.02 4.81±0.02

583 695 0.61 17 25 00.03 -34 11 32.4 ... 21.158±0.067 ... ... ... ... ... ... ...

584 696 1.20 17 24 59.99 -34 17 58.0 ... 22.467±0.091 ... ... ... 14.14±0.13 13.91±0.27 ... ...

585 697 0.47 17 25 00.30 -34 17 12.7 21.422±0.078 18.859±0.019 ... 14.32±0.06 ... 12.81±0.07 12.45±0.09 12.44±0.30 11.83±0.24

586 698 0.30 17 25 00.48 -34 14 11.1 21.292±0.085 19.172±0.032 16.48±0.10 15.28±0.08 ... 14.34±0.12 14.16±0.29 ... ...

587 699 1.29 17 25 00.44 -34 10 18.4 23.074±0.153 19.971±0.054 15.63±0.08 13.89±0.05 12.97±0.04 12.03±0.06 12.18±0.12 11.28±0.20 ...

588 700 0.46 17 25 00.82 -34 13 53.3 23.967±0.306 19.950±0.064 15.52±0.07 13.46±0.07 12.39±0.05 11.56±0.08 11.18±0.09 10.83±0.12 ...

589 702 0.20 17 25 01.11 -34 14 04.5 ... ... ... ... ... 12.73±0.09 12.30±0.12 ... ...

590 703 0.51 17 25 01.19 -34 17 35.9 20.108±0.023 17.800±0.008 15.08±0.04 13.66±0.06 13.19±0.03 12.42±0.06 12.13±0.07 11.76±0.10 11.37±0.12

591 705 0.56 17 25 01.55 -34 11 19.2 22.611±0.141 19.592±0.047 ... ... ... 14.22±0.16 14.28±0.31 ... ...

592 707 0.34 17 25 01.69 -34 16 51.6 18.749±0.007 16.786±0.003 13.97±0.05 12.75±0.07 12.29±0.05 12.00±0.05 11.94±0.08 11.70±0.11 ...

593 708 0.93 17 25 01.88 -34 13 45.5 ... 21.723±0.081 ... ... ... 13.38±0.11 13.48±0.17 ... ...

594 709 0.59 17 25 02.14 -34 10 19.8 ... 21.779±0.081 16.97±0.18 14.66±0.05 13.72±0.05 12.78±0.15 12.61±0.17 ... ...

595 711 0.57 17 25 02.32 -34 06 26.5 19.050±0.009 17.532±0.006 15.42±0.06 14.43±0.07 ... 13.04±0.09 12.51±0.11 ... ...

596 712 0.20 17 25 02.40 -34 13 13.2 21.966±0.068 18.695±0.020 14.60±0.04 12.86±0.05 12.00±0.04 10.86±0.05 10.40±0.06 10.19±0.11 ...

597 714 0.46 17 25 02.58 -34 16 28.3 21.940±0.040 18.951±0.025 ... ... ... 13.00±0.12 13.01±0.15 ... ...

598 715 0.59 17 25 02.64 -34 11 36.6 24.445±0.344 20.094±0.059 16.30±0.12 14.45±0.10 13.71±0.08 13.32±0.10 13.34±0.29 ... ...

599 716 0.49 17 25 02.82 -34 09 27.5 22.581±0.097 19.684±0.011 16.68±0.13 ... ... ... ... ... ...

600 718 0.03 17 25 03.17 -34 08 49.6 15.303±0.001 14.536±0.001 13.63±0.02 13.10±0.02 12.97±0.02 12.71±0.05 12.65±0.10 ... ...

601 719 0.34 17 25 03.22 -34 16 25.1 23.512±0.185 20.626±0.029 ... ... ... 13.78±0.09 13.55±0.20 ... ...

602 721 0.55 17 25 03.33 -34 12 45.0 ... 23.102±0.181 ... ... ... ... ... ... ...

603 722 0.22 17 25 03.41 -34 15 52.0 19.565±0.016 17.486±0.007 14.16±0.04 12.30±0.03 11.58±0.02 10.93±0.07 10.94±0.07 10.81±0.07 10.99±0.06

604 723 0.58 17 25 03.57 -34 18 24.4 ... ... ... ... ... 14.38±0.09 14.24±0.29 ... ...

605 724 0.95 17 25 03.52 -34 09 49.4 23.231±0.180 19.145±0.025 14.91±0.04 13.32±0.05 12.56±0.04 12.06±0.10 12.02±0.12 ... ...

606 725 0.76 17 25 03.87 -34 11 37.9 19.279±0.015 17.253±0.006 15.02±0.04 13.86±0.04 13.47±0.05 13.12±0.12 13.02±0.15 ... ...

607 726 0.88 17 25 04.09 -34 11 47.2 20.629±0.055 18.081±0.012 14.77±0.05 13.12±0.07 12.40±0.05 11.84±0.12 11.96±0.09 ... ...

608 727 0.70 17 25 04.65 -34 04 59.3 ... 22.491±0.158 ... ... ... ... ... ... ...

609 729 0.28 17 25 05.57 -34 15 06.5 20.891±0.057 18.389±0.016 15.46±0.08 14.09±0.09 13.35±0.07 12.15±0.07 11.66±0.07 11.05±0.07 10.97±0.10

610 730 0.21 17 25 05.56 -34 19 19.8 19.240±0.012 16.987±0.003 14.06±0.04 12.79±0.06 12.28±0.04 11.90±0.05 11.75±0.06 11.90±0.13 ...

611 733 0.24 17 25 06.86 -34 11 28.3 23.553±0.109 19.778±0.044 ... ... 13.62±0.10 ... ... ... ...

612 735 0.59 17 25 07.48 -34 14 20.2 19.543±0.022 17.633±0.008 ... ... ... 12.12±0.06 11.84±0.08 11.33±0.08 11.67±0.33

613 738 0.25 17 25 07.58 -34 06 09.1 18.263±0.005 16.476±0.003 14.46±0.03 13.47±0.04 13.04±0.06 12.74±0.07 12.61±0.10 ... ...

614 739 0.27 17 25 07.63 -34 12 19.4 19.795±0.024 17.771±0.009 15.28±0.05 14.26±0.05 ... 13.44±0.12 13.28±0.25 ... ...

615 741 0.73 17 25 07.89 -34 13 14.0 20.371±0.039 18.195±0.013 15.40±0.08 13.97±0.07 13.16±0.07 ... ... ... ...

616 742 0.55 17 25 07.92 -34 11 09.4 ... 20.028±0.055 ... ... ... ... ... ... ...

617 745 0.26 17 25 08.76 -34 11 24.5 13.119±0.001 11.964±0.001 10.62±0.03 10.14±0.03 9.90±0.03 9.85±0.09 9.72±0.08 ... ...

618 747 0.30 17 25 08.85 -34 11 12.8 ... 11.546±0.001 7.04±0.02 6.53±0.06 5.86±0.02 5.41±0.05 ... 4.93±0.02 4.64±0.02

619 748 0.46 17 25 09.05 -34 11 21.3 ... ... ... ... ... 11.89±0.13 ... ... ...
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Table 4.1: continued.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

RA DEC R I J H Ks [3.6] [4.5] [5.8] [8.0]

ID W07 (arcsec) (J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)

620 749 0.51 17 25 09.20 -34 11 09.2 20.740±0.057 18.618±0.007 ... ... ... ... ... ... ...

621 750 1.20 17 25 09.84 -34 08 20.8 19.063±0.013 17.218±0.005 14.82±0.04 13.77±0.03 13.28±0.04 12.67±0.12 12.71±0.16 ... ...

622 751 1.31 17 25 09.92 -34 10 51.3 21.202±0.087 18.614±0.016 15.99±0.07 14.67±0.06 14.39±0.11 13.77±0.14 ... ... ...

623 752 0.41 17 25 09.91 -34 15 51.6 15.577±0.001 14.497±0.001 13.34±0.03 12.54±0.05 12.30±0.05 11.83±0.06 12.14±0.13 11.97±0.14 ...

624 754 0.75 17 25 11.17 -34 11 11.2 19.922±0.027 18.044±0.009 ... ... ... ... ... ... ...

625 755 0.41 17 25 11.35 -34 13 59.0 18.838±0.010 17.428±0.007 15.60±0.06 14.60±0.06 ... 13.73±0.07 13.14±0.16 ... ...

626 756 0.69 17 25 11.45 -34 12 13.6 20.542±0.040 17.963±0.008 14.90±0.05 13.45±0.11 12.73±0.12 12.52±0.10 12.43±0.14 ... ...

627 757 1.28 17 25 11.52 -34 05 20.1 21.164±0.072 18.972±0.007 15.46±0.06 ... ... 12.76±0.08 12.38±0.14 ... ...

628 758 0.59 17 25 11.63 -34 09 33.4 13.041±0.001 12.123±0.001 11.05±0.03 10.39±0.02 10.20±0.02 10.13±0.05 10.17±0.06 ... ...

629 759 1.07 17 25 11.65 -34 12 56.0 19.751±0.026 17.398±0.007 14.84±0.06 13.25±0.04 12.30±0.04 10.95±0.05 10.37±0.05 9.74±0.07 8.47±0.08

630 760 0.21 17 25 11.80 -34 18 36.7 15.747±0.001 14.655±0.001 13.27±0.03 12.52±0.02 12.28±0.02 12.07±0.05 12.02±0.07 11.94±0.12 ...

631 763 0.65 17 25 11.97 -34 05 38.2 ... 21.684±0.082 ... 13.39±0.05 12.29±0.04 11.62±0.04 11.44±0.06 11.35±0.11 ...

632 764 0.27 17 25 13.03 -34 15 25.0 19.007±0.011 16.916±0.004 14.48±0.07 13.20±0.07 12.69±0.06 12.14±0.05 12.11±0.07 12.00±0.26 ...

633 765 0.27 17 25 13.43 -34 17 55.8 13.718±0.001 12.864±0.001 11.89±0.03 11.33±0.02 11.17±0.02 11.11±0.04 11.02±0.06 10.94±0.07 10.74±0.07

634 767 0.41 17 25 14.28 -34 16 38.8 19.234±0.009 17.375±0.004 14.88±0.07 13.61±0.03 13.05±0.04 12.40±0.07 12.08±0.10 11.77±0.12 11.06±0.08

635 768 0.26 17 25 15.89 -34 12 07.4 18.949±0.010 16.813±0.003 14.09±0.04 12.73±0.02 12.17±0.03 11.67±0.09 11.62±0.11 ... ...

636 770 0.54 17 25 16.80 -34 12 11.7 18.498±0.006 16.802±0.003 ... 13.32±0.07 12.59±0.05 11.46±0.10 11.18±0.08 ... ...

637 771 0.05 17 25 16.94 -34 14 03.5 20.668±0.075 18.489±0.014 15.45±0.08 13.99±0.12 13.27±0.06 12.56±0.07 12.39±0.12 11.58±0.14 10.43±0.25

638 772 1.46 17 25 18.39 -34 15 38.8 21.997±0.045 19.325±0.030 ... ... ... 13.98±0.10 13.64±0.24 ... ...

639 773 0.49 17 25 18.81 -34 14 57.3 ... ... 6.55±0.02 6.41±0.04 6.39±0.03 6.68±0.05 6.41±0.05 6.35±0.02 6.36±0.02

640 774 0.60 17 25 18.85 -34 11 54.4 20.261±0.032 18.246±0.010 ... 14.13±0.14 ... 12.72±0.12 ... ... ...

641 775 0.80 17 25 19.29 -34 13 57.0 ... ... ... ... ... 13.39±0.13 12.60±0.08 11.32±0.11 ...

642 777 0.35 17 25 22.24 -34 16 18.6 22.941±0.127 19.827±0.042 ... ... ... 15.08±0.17 14.24±0.25 ... ...

643 778 0.15 17 25 23.77 -34 17 55.3 16.961±0.001 15.690±0.001 14.29±0.04 13.46±0.07 13.20±0.07 12.75±0.10 12.64±0.14 ... ...

4.1.4 Optical spectroscopy

Spectroscopic observations of the Pismis 24 cluster were performed with VIMOS in August
2008. We used a low resolution grism combined with order sorting filter GG475 and a slit
width of 1.′′0, resulting in an effective spectral resolution ofλ/δλ=580 and a spectral coverage
from 4800Å to 10000Å. The spectroscopic data were reduced with the VIMOS pipeline, which
was also used to extract the raw spectra of the individual targets. These were then flux-calibrated
using observations of the standard star LTT 6248.

In the following we will describe how we do the spectral classification of our stars using the
VIMOS spectra. We have adopted a two-step approach. In step one we estimate the spectral
types from our spectra using the IDL package ’Hammer’ (Covey et al. 2007). The Hammer
code was originally designed to classify spectra of stars inthe absence of appreciable extinction.
It uses 29 spectral “features” in the classification process, among which two (“BlueColor” and
“Color-1”) are related to the broad-band spectral continuumslope. The latter cannot be used
for stars whose spectra are reddened due to absorption by intervening dust. The remaining 27
diagnostics are “narrow-band” features, and not affected by extinction. In order to make the
Hammer code suitable for classifying our young stars, that typically suffer several magnitudes
of optical extinction, we removed the BlueColor and Color-1 features from the Hammer code,
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Figure 4.2: Typical spectra (grey thick lines) from our VIMOS observations covering the range
of spectral types from K3 to M3. Spectral templates (thin lines) with the same spectral types and
spectral resolution are also shown. The templates have beenreddened to fit our VIMOS spectra.
The prominent Hα emission line and TiO absorption features are indicated. The wiggles on the
spectra beyond 7600Å are instrumental artifacts due to the fringing.

keeping the remaining 27 diagnostics. We then ran the code toclassify all our spectra, giving
initial estimates of the spectral types. In the second step of the classification process we tested the
results by fitting spectral templates with spectral types asderived using the Hammer code to the
observed VIMOS spectra. The spectral templates are from the’Hammer’ package. We have two
free parameters in this fit: the V-band extinction by which the spectral template is reddened using
a standard ISM extinction law (Cardelli et al. 1989), and the scaling factor calibrating the spectral
template to the observed absolute flux level. The results were then visually inspected for each
star to ensure a satisfactory fit to the data was obtained. Whenthe spectral template with initial
spectral type from “Hammer” code could not properly fit the observations, the input spectral type
was varied by several subclasses until we obtained a good match between the observed spectrum
and the spectral template. The spectral type of the best-fitting template was finally adopted as
the spectral type of each respective object. In Fig 4.2 we show examples of our VIMOS spectra
with a range of spectral types from early K to early M, representing the majority of the young
stars in our sample. In each case, we have overplotted the best-fitting spectral template. Over this
wavelength range, the changes in the spectral shape are clearly visible, in particular the strength
of the TiO absorption bands is a prominent diagnostic for late K to M type stars.
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4.1.5 Complementary data sets

A part of the Pismis 24 star cluster has been observed with theHubble space telescope in the
F502N, F656N, F673N, and F850LP bands1. We have used these HST images to search for
proplyds, i.e. young stars whose circumstellar disks are being photoevaporated by UV photons
from nearby massive stars, resulting in a head-tail shaped appearance (see Sect. 4.2.2(4a)).

The 24µm image of the NGC 6357 complex was taken from the Spitzer MIPSGAL survey
(Carey et al. 2009). Parts of the 24µm Spitzer data were saturated, we fill in those regions
using 21.3µm data from the Midcourse Space Experiment (MSX, Price et al.2001) survey. We
tied the flux scale of the MSX image to that of the MIPSGAL observations using the common
unsaturated regions, ignoring the relatively minor differences in the spectral response between
both images.

Imaging at 1.2 mm was performed with the SEST Imaging Bolometer Array (Muñoz et al. 2007)
and traces the dust continuum emission in high column density regions (Av≥15 mag, Russeil
et al. 2010). These data were used to trace the molecular cores in NGC 6357 complex.

4.2 Results

4.2.1 The NGC 6357 complex

In this section, we will present a global view of NGC 6357. We will show the dust emission from
mid-infrared to millimeter wavelengths and then investigate the 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 NGC 6357 complex (4.5, 8.0, and
24 µm in blue, green, and red, respectively), using data from theGLIMPSE survey at 4.5 and
8.0 µm), and the MIPSGAL surveys at 24µmwith the saturated regions replaced with the data
from MSX survey at 21.3µm. The emission in the 4.5µm IRAC band traces mainly the stel-
lar young stars that appear as point sources, with some diffuse emission emitted or scattered by
dust, and Brα emission. The 8.0µm IRAC band shows mainly spatially extended emission con-
sisting of dust continuum radiation and in particular strong emission from Polycyclic Aromatic

1We obtained these HST images from http://hla.stsci.edu/hlaview.html.
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Hydrocarbons (PAHs) (Povich et al. 2007), beautifully tracing the ionization surfaces where the
energetic radiation from the massive stars “eats” its way into the molecular cloud. The 24µm
emission is dominated by continuum dust emission.

Figure 4.3: Spitzer color image of NGC 6357 complex(red: 24µm ,green: 8.0µm , and blue:
4.5µm ). The 4.5µm and 8.0µm images are from glimpse GLIMIPSE survey. The 24µm
image is a combination of the images from MIPSGAL and MSX surveys. The three H II regions
G353.2+0.9, G353.2+0.7, and G353.1+0.6 are labeled. The position of the Pismis 24 cluster is
marked. The dashed lines depict the inner rims of the three bubbles identified by Churchwell
et al. (2007).

The most striking aspect of Fig. 4.3 is that the whole region is full of filamentary diffuse emis-
sion, with some “bubbles” where 8.0µm emission is faint or absent and 24µm emission is dom-
inating. In this field Churchwell et al. (2007) identified three bubbles, named CS 59, CS 61,
and CS 63, of which CS 61 is the biggest. The bright H II region G353.2+0.9 lies near bubble
CS 61 (Felli et al. 1990). The Pismis 24 cluster appears to be located within CS 61 and the strong
UV field and stellar winds from the massive cluster members are likely responsible for creating
CS 61. The absence of 8.0µm emission within CS 61 and the “sharp” edges of the bubble at this
wavelength (Fig. 4.3) can be explained by the absence of PAHswithin the bubble due to their
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destruction by extreme ultraviolet (EUV) photons from massive stars (Voit 1992). Surrounding
CS 61 there are high density shells which are traced by the dustcontinuum emissions at 1.2 mm
(see Fig 4.4). Here, the EUV photon fluxes have already been diminished due to absorption by
gas and dust within the bubble and PAHs can survive. There arestill sufficient amounts of UV
photons of lower energy to excite the PAH molecules, which then glow brightly and mark the
boundary between the dense cloud material and the cavities carved by the star clusters.

The bubbles CS 59 and CS 63 are much smaller than CS 61. Near these bubbles the H II regions
G353.2+0.7 and G353.1+0.6, respectively, are located. Inside bubble CS 63 there arefour known
OB stars (Neckel 1984), which are ionizing the H II region G353.1+0.6 (Felli et al. 1990) and
have likely created this bubble. Inside the bubble CS 59 thereare no known massive stars in the
literature. Further observations are required to understand the origin of this bubble. In contrast
to bubble CS 61, there is weak 8.0µm emission inside bubbles CS 59 and CS 63, suggesting that
their central stars cannot emit sufficient EUV photons to destroy all the PAHs inside the bubbles.

In Fig. 4.4 we show the 1.3 mm dust continuum emission with contours, overplotted on the
5.8 µm IRAC image. The millimeter data trace the high density regions, i.e. the molecular cores,
which tend to lie in ring-like structures surrounding the bubbles CS 61, CS 59, and CS 63. Similar
structures of molecular gas have been found around many mid-infrared bubbles (Deharveng et al.
2009; Beaumont & Williams 2010). They are thought to arise dueto the compression of the
molecular clouds by the expanding shock fronts produced by stellar winds or the pressure-driven
expansion of the H II regions (Castor et al. 1975; Freyer et al.2003). Like the 8.0µm image, the
diffuse emission in the 5.8µm 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 2MASS and GLIMPSE surveys wecan make an inventory of
the disk-bearing young star population in the whole NGC 6357complex, and thus investigate
the global recent star formation activity. The infrared excess emission due to the dusty circum-
stellar disks causes the infrared colors of stars with disksto be distinctly different from those of
diskless objects. Young cluster members that have already lost their disks cannot be robustly dis-
tinguished from unrelated field objects based on infrared colors alone. Therefore, contrary to the
central regions where we have independent means of identifying diskless young stars (X-rays),
we cannot study the whole population of young stars in the NGC6357 complex on a global scale.
We thus restrict ourselves to studying only the disk-bearing stars to trace recent star forming ac-
tivity. For the central regions where we have X-ray observations and optical spectroscopy we
can do a more comprehensive analysis and derive e.g. absolute disk frequencies.
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Figure 4.4: 1.3 mm emission (contours) over-plotted on the IRAC [5.8] image of the NGC 6357
complex. The red filled circles mark the Flat/class I objects, and the open triangles mark the
class II objects. The asterisks indicate known massive stars. The dashed lines depict the inner
rims of the three bubbles identified by Churchwell et al. (2007). In 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 select candidate young disk-bearing stars:
(1) [3.6]-[4.5] vs. [4.5]-[8.0] and [3.6]-[4.5] vs. [5.8]-[8.0] color-color diagrams, and (2) H-Ks
vs. H-[3.6] and H-Ks vs. H-[4.5] color-color diagrams. The selection criteria are as follows. In
the [3.6]-[4.5] vs. [4.5]-[8.0] color-color diagram, objects are marked as YSOs if they meet the
following criteria (following Simon et al. 2007): (1) [3.6]-[4.5]>0.6×([4.5]-[8.0])-1.0, (2) [4.5]-
[8.0]<2.8, (3) [3.6]-[4.5]<0.6×([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 must obey 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])×0.67, where
the latter criterion serves to remove the contamination arising from uncertainties in the IRAC
photometry. Finally, we clean the thus constructed YSO catalog from contamination by AGNs
and galaxies using the criteria of Gutermuth et al. (2008). Based on their IRAC spectral index
we divide the YSOs into class I/flat, and class II types (Lada 1987). In Fig. 4.5, we show IRAC
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Figure 4.5: (a) Spitzer/IRAC [3.6]-[4.5] vs. [5.8]-[8.0] and (b) [3.6]-[4.5] vs. [4.5]-[8.0] color-
color diagrams. YSO candidates are selected using the criteria described in Section 4.2.1(2), and
classified as class I, flat-spectrum, or class II objects by their spectral index estimated from four
IRAC bands. The filled circles denote class I and flat-spectrumobjects, open triangles class II
objects.

color-color diagrams of all detected objects, indicating the color boundaries used for the selection
of YSOs and showing the class I/flat and class II sources as well as the objects not marked as
disk-bearing YSOs with different colors. In total we identify 64 class I/Flat sources and 244
class II sources in the field of Fig. 4.4.

In Fig. 4.4, we show the spatial distribution of the objects identified as young stars with disks
in NGC 6357, to which we will in this subsection simply refer to as “YSOs”, reminding the
reader that the population of young starswithoutdisks that is almost certainly also present is not
included here. Inside the three bubbles CS 61, CS 59, and CS 63 thenumber density of YSOs
is obviously enhanced, suggesting recent star formation inthese regions. In most star-forming
regions a strong positional coincidence between young class I/flat YSOs and dense molecular
cores is observed (e.g. Chapter 3; Evans et al. 2009). However, in the NGC 6357 complex
this correlation is less obvious. The reason for this is currently unclear, possibly the parental
molecular clouds of these YSOs have only recently been eroded by nearby massive stars, and
star formation is still inactive in the molecular shells surrounding the bubbles.

A closer inspection of Fig. 4.4 reveals an interesting aspect of the spatial distribution of the
class I/flat sources: in the regions marked “A” and “B” they appear to form arcs subtending the
bubble CS 61. If we approximate the distribution of the sources in regions A and B with a circle
we find that the center of the best-fitting circle lies very close to the center of bubble CS 61. This
is suggestive of some role of the massive stars in CS 61 in (triggering) the presumably recent
formation of the class I/flat sources in regions A and B. Similar configurations, of young stars
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Figure 4.6: (a) H-Ks vs. H-[3.6] and (b) H-Ks vs. H-[4.5] color-color diagrams. The solid lines
show the intrinsic colors of diskless stars. The dashed lines and arrows present the extinction
laws. The lengths of arrows show a extinction of 2 mag at K band. The open diamonds are the
YSO candidates which show excess emission in both [3.6] and [4.5] bands.

forming an arc around an older stellar population, have beenfound in other star forming regions,
e.g., Tr 37, RCW 82, RCW 120 (Sicilia-Aguilar et al. 2005; Pomarès et al. 2009; Deharveng et al.
2009).

The aforementioned criteria for YSO selection require thatthe stars have been detected in all four
IRAC bands. This may cause many low-mass, low luminosity members to be missed due to the
limited sensitivity and the strong nebular background in the IRAC [5.8] and [8.0] bands. To probe
also the low-mass population, we resort to H-Ks vs. H-[3.6] vs. and H-Ks vs. H-[4.5] color-color
diagrams. In Fig. 4.6, we show two color-color diagrams on which the colors of unobscured
diskless stars are indicated, together with the reddening vector (Indebetouw et al. 2005). Stars
without a clear infrared excess lie in a narrow band on the top-left side of, and roughly parallel
to, the reddening vector. Some of these will be cluster members that have already lost their
disks, or at least the hot inner parts thereof, but most will be unrelated foreground or background
stars. The stars to the bottom-right side of the reddening vector have too red H-[3.6] and H-[4.5]
colors to be explained by the reddening of diskless stars, indicating that they have substantial
excess emission above the photospheric level at near-infrared wavelengths. Thus, we identify
these sources as YSOs if they show excess emissions in both the IRAC [3.6] and [4.5] bands. In
the following we will refer to them as “lower-luminosity YSOs”, as opposed the brighter part of
the sample that was detected in all four IRAC bands. This distinction, however, is set merely by
observational detection limits and the respective stars likely form the fainter and brighter part of
the same population.

In Fig. 4.7 we show the distribution of lower-luminosity YSOs selected as described in the pre-
vious paragraph and illustrated in Fig. 4.6, together with brighter class I/flat and class II objects
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Figure 4.7: 1.3 mm emission map of NGC 6357 complex. Filled circles mark the Flat/class I
objects, open triangles mark the class II objects. The filledasterisks show known massive stars
in Pismis 24. The open diamonds show the YSO candidates selected from Fig 4.6. The number
density of YSO candidates is denoted with contours. Three overdense regions are identified,
corresponding to Pismis 24 and two newly found clusters.

that were detected in all IRAC bands. We plot the position of each of the lower-luminosity YSOs
and also calculate their surface density, which we plot as contours in Fig. 4.7. In the NGC 6357
complex there are three regions where the distribution of the lower-luminosity YSOs shows an
obvious overdensity, which coincide with the concentrations of the higher luminosity YSOs as
selected from Fig. 4.5 and shown also in Fig. 4.4. All three coincide with the bubbles discussed
earlier. The over-density of low-luminosity YSOs associated with bubble CS 61 is the Pismis 24
cluster, the other two are newly discovered young clusters that are spatially coincident with bub-
bles CS 59 and CS 63. We will refer to them as the “CS 59 and CS 63 clusters” hereafter. The
spatial association of clusters and bubbles in NGC 6357 can be understood since clusters form
in dense parts of molecular clouds, whereafter the high UV flux and 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 optical data in addition to the Spitzer
photometry, the YSO identification in the largest part of theGLIMPSE field relies solely on
color-color diagram analysis. This makes the sample more susceptible to contamination by
galactic and extra-galactic sources unrelated to the cluster. NGC 6357 is located in the galac-
tic plane looking inward through the Milky Way (l=353◦, b=+0.9◦) and the galactic extinction
in that direction is so high that most extra-galactic sources will be effectively absorbed even
at 4.5µm. Galactic contamination may arise from post-main sequence objects, mostly in the
background, and young stars in foreground or background star-forming regions. The number
density of the former sources is expected to be low and their distribution uniform, and thus the
post-main sequence population should not substantially affect our results in a statistical sense.
The contamination from young stars in the foreground and background is more difficult to eval-
uate. They would mostly be distributed in clusters or loose associations, and to remove them
from NGC 6357 would require knowing the distance to each YSO candidate. This can partly be
solved by estimating the kinematic distance of the gas that surrounds these YSOs in projection,
under the assumption that the YSOs and gas are physically related. The latter assumption ap-
pears justified for the vast majority of the field investigated, with e.g. many young objects being
spatially coincident with high-density gas, and the young clusters of high-mass stars occupying
holes in the gaseous distribution. Russeil et al. (2010) haveshown that the molecular gas spa-
tially associated with cluster CS 59 and CS 63 has similar radial velocity to that of NGC 6357,
suggesting they are at the same distance. Presently there isno information on the kinematics
of the molecular gas in region A, and establishing a physicalrelation 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. Firstwe will re-assess the distance to
Pismis 24. Then we will investigate the stellar properties of the cluster and derive the stellar
masses and ages. Finally we will study the disk properties and frequency 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 distance of Pismis 24, and published estimates
range from 1.0 to 3.0 kpc. The most commonly adopted distanceof 2.56 kpc was derived by
Massey et al. (2001) using observations of six massive stars, adopting their absolute magnitudes
and intrinsic colors from the observed spectral types underthe assumption that there is a unique
absolute magnitude corresponding to each spectral type andluminosity class, and matching these
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Figure 4.8: HR diagrams for six O-type main-sequence massive stars (Pis 24-2, 13, 16, 3, 15, 10,
filled circles), and two B-type main-sequence stars (Pis 24-12, 19, open circles) in Pismis 24. The
massive stars are marked with numbers (See Table 4.2). The dashed lines represent the zero-age
main sequence locus. The thin solid lines show the isochrones of 2, 3, 4, 5, 6, 8, and 10 Myr.
The thick solid lines present the best-fitting isochrones of1, 2.2, and 2.7 Myr in panels(a)(b)(c),
respectively. The evolutionary tracks are from Schaller etal. (1992). The fitting gives a distance
of 1.7±0.2 kpc.

to the observed photometry. However, as shown in Fig. 4.8 thespectral types of massive stars
do not uniquely constrain their absolute magnitudes without knowledge of their ages. In this
work, we use the isochrone-fitting method to estimate the distance to Pismis 24 and the age of
the massive stars that are used as distance indicators. Therefore we need to put these stars on
the HR diagram, which requires knowledge of the total luminosities and spectral types. We
adopted the spectral types and optical photometry in the B and V bands from Massey et al.
(2001) and complemented the optical data with photometry inthe J, H, and Ks bands from the
2MASS catalog. We then performed SED fitting following the method described in Chapter 3:
we take a Kurucz model atmosphere spectrum with a fixed effective temperature corresponding
to the observed spectral type, and fit a reddened and scaled version of this model spectrum to
the observed photometry. In this fit we thus have only two freeparameters: visual extinction
AV and the stellar angular diameterθ. We adopt a standard extinction law (Cardelli et al. 1989)
with a total to selective extinction ratio ofR=3.1. We used the BVJHK band photometry to
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do the SED fitting. We calculated model fluxes by integrating the intensity of the (reddened)
model atmospheres over the spectral response curve of the system for each filter. The synthetic
photometry was then compared with the observations. By varying the parameters and minimizing
the resultingχ2 we obtain the optimum values for extinction and the angular diameter of each
star, from which we can derive the luminosities of the stars assuming a distance.

We used the six O-type main-sequence stars (see Fig. 4.8) to estimated the distance of Pismis 24.
By requiring that the six stars are located above the zero-agemain sequence locus, we estimated
a lower limit on the distance, which is∼1.4 kpc. We performed isochrone fitting to these six
stars, assuming they formed coevally (see Fig. 4.8). Using 1.4 kpc as the lower limit of the
distance, we varied the distance and age of the objects and found that the O-stars can be fitted
by isochrones with ages of∼1-2.7 Myr and distances of 1.7±0.2 kpc (see Fig 4.8). This puts
NGC 6357 at the same distance as the NGC 6334 cloud (Persi & Tapia 2008), its direct neighbor
on the sky, and suggest that both clouds are physically related instead of merely being close in
projection. Additional support for this is given by radio observations that show that the average
radial velocity of NGC 6357 is similar to that of NGC 6334 (both ∼ −4 km s−1), and that there
are filamentary structures apparently connecting both complexes (Russeil et al. 2010) .

(2) The heart of Pismis 24

There are 12 known massive stars in the Pismis 24 cluster for which spectral type estimates exist.
With the revised distance of 1.7 kpc we estimate their total luminosities, masses, and foreground
extinctions. The results are listed in Table 4.2. The medianvisual extinction of these stars is
5.8 mag with a standard deviation of 0.5 mag. Since these stars have likely already dissipated
all their circumstellar material, the observed extinctionshould be entirely due to absorption by
foreground dust.

In Fig. 4.9 we show an HST F850LP image of the center of Pismis 24. In these high-resolution
observations Pis 24-18 is resolved into a binary system witha separation of 0.′′45, corresponding
to a projected distance of∼765 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 24-18 matches the position of the
detected X-ray source more closely, and therefore is the more likely counterpart of the X-ray
source. In the whole field shown in Fig. 4.9 there are 253 X-raysources (Wang et al. 2007).
Among these, 220 sources have detected optical or infrared counterparts. We used all detected
X-ray sourceswith optical/IR counterparts to calculate the surface density of the numbers of stars
in the region, and find values of∼800 pc−2 within a projected radius of 0.1 pc from Pis 24-1 and
∼350 pc−2 within 0.3 pc from Pis 24-1.
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Figure 4.9: HST F850LP image of the center of Pismis 24. The open circles mark the counter-
parts of X-ray sources previously identified in Wang et al. (2007). The open diamonds represent
counterparts of X-ray sources newly identified in the current work. The massive stars in this field
are marked with numbers (See Table 4.2). The inset shows the HST F550M image of Pis 24-18,
which is resolved into a binary system. The plus sign marks the position 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 of the Pismis 24 star cluster in the low-
and intermediate mass range. We will estimate the extinction distribution for the spectroscopy
sample, for which we have reliable spectral types from our spectroscopic observations. We will
assume that the cluster members without spectroscopy follow the same extinction distribution,
in a statistical sense, as the “spectroscopic” sample. We will use an R vs. R-I color-magnitude
diagram, in which we de-redden all detected objects according to the derived extinction distri-
bution, to estimate the mass and age distribution of all cluster members by comparison to the
theoretical pre-main sequence tracks of Dotter et al. (2008).

(a) Spectral Types and the extinction distribution
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Table 4.2: Parameters for massive stars in Pismis 24.

RA DEC Lumb AV
c Massd

Name (J2000) (J2000) Spta (L⊙) (mag) (M⊙)

Pis 24-1NE 17 24 43.497 -34 11 56.86 O3.5 If* 5.89 5.54 74

Pis 24-1SW 17 24 43.481 -34 11 57.21 O4 III 5.81 5.52 66

Pis 24-17 17 24 44.73 -34 12 02.7 O3.5 III 5.93 6.34 78

Pis 24-2 17 24 43.28 -34 12 44.0 O5.5 V(f) 5.47 5.83 43

Pis 24-13 17 24 45.79 -34 09 39.9 O6.5 V((f)) 5.33 6.39 35

Pis 24-16 17 24 44.45 -34 11 58.9 O7.5 V 5.50 7.24 38

Pis 24-3 17 24 42.30 -34 13 21.3 O8 V 4.98 5.82 25

Pis 24-15 17 24 28.95 -34 14 50.7 O8 V 5.03 5.47 25

Pis 24-10 17 24 36.04 -34 14 00.5 O9 V 4.77 5.80 20

Pis 24-18 17 24 43.29 -34 11 41.9 B0.5 V 4.47 6.45 15

Pis 24-12 17 24 42.27 -34 11 41.2 B1 V 4.03 5.58 11

Pis 24-19 17 24 43.69 -34 11 40.7 B1 V 4.06 6.09 11

(a)Spectral types from Massey et al. (2001) and Maı́z Apellániz et al. (2007).(b)The total lumi-
nosities for Pis 24-1NE and Pis 24-1SW are derived with the absolute V-band magnitudes using
the bolometric corrections from Vacca et al. (1996), assuming a distance of 1.7 kpc. The total
luminosities for other stars are estimated from SED fittings(see Sect. 4.2.2).(c)Besides Pis 24-
1NE and Pis 24-1SW, the visual extinction for other stars come from SED fitting (see 4.2.2). The
visual extinction for Pis 24-1NE and Pis 24-1SW are from Maı́z Apellániz et al. (2007).(d) The
stellar masses are derived using the evolutionary tracks from Schaller et al. (1992).

In total we have obtained the spectral types of 306 stars in the field of Pismis 24. We have
identified 151 of these as cluster members based on positional coincidence with a detected X-
ray source. 155 stars in the spectroscopic sample were detected in the X-ray data, and were
considered to be unrelated field objects. We did not use the LiI λ6707 absorption line or
Hα emission line or as the indicator of youngth properties due to the reasons: (1) the spectral
resolution of our spectra is too low to detect the weak Li Iλ6707 absorption line; (2) the spectra
may suffer from Hα line contamination from the surrounding nebula.

In Fig. 4.10(a) we show the spectral types of all stars in the spectroscopic sample. For the
nonmembers the distribution is approximately flat between late K and late M spectral types.
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Figure 4.10: (a): the spectral-type distribution of our spectroscopic sample. The filled histogram
shows the distribution of stars without X-ray emission. Theopen histograms display the dis-
tribution of X-ray emission stars. The dotted line connecting filled circles show the predicted
distribution of spectral type for a 1 Myr cluster with an IMF like that of the Trapezium cluster.
The distribution is normalized to the number of K4-K6 stars.(b): the distribution of extinction
for the spectroscopic sample. The filled histogram shows thedistribution of stars without X-ray
emission. The open histogram shows the distribution of X-ray emitting stars. The dash-dotted
lines denote Gaussian fits the open histogram, peaking atAV=5.5 mag with a FWHM of 2.2 mag.

The distribution of the cluster members peaks around K5 and decreases towards later spectral
types. In Fig. 4.10(a) we also show a calculated distribution of spectral types for a model cluster
with an age of 1 Myr and a mass function as observed in the Trapezium cluster (Muench et al.
2002). Assuming that the Pismis 24 cluster and Trapezium clusters have a similar IMF, we use
the model spectral type distribution to evaluate the completeness level for the range of spectral
types probed. As shown in Fig. 4.10, the model distribution predicts many more M-type stars
than are present in our spectroscopic sample, suggesting that the latter is substantially incomplete
for the late spectral types. Assuming a foreground visual extinction of 6 mag and a distance of
1.7 kpc, the R-band magnitude for a PMS stars with a spectral type of M3 and an age of 1 Myr
is ∼23 mag (Dotter et al. 2008), which is indeed very faint for spectroscopic observations even
with the VLT.

We used the observed R-I colors and the intrinsic colors of thestars in the spectroscopic sample to
estimate their extinctions, adopting the extinction law ofRieke & Lebofsky (1985). The intrinsic
colors corresponding to each spectral type were taken from Bessell et al. (1998). In Fig. 4.10(b)
we show the resulting extinction distributions for the cluster members and the unrelated field
stars. The two populations show very different extinction distributions. The unrelated field
stars show a relatively flat distribution between∼0 and∼15 magnitudes, whereas the cluster
members show a strongly peaked distribution centered around 5-6 mag. The median extinction
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of the members of Pismis 24 is∼5.3 mag, which is consistent with the extinction estimates of the
known massive stars in the cluster (see Sect. 4.2.2(2)). Fitting the observed extinctions with a
Gaussian distribution yields a peak value of 5.5 mag and a FWHMof 2.3 mag. In the following
we will use the fitted Gaussian distribution of extinctions to derive the probability distribution of
masses and ages for each cluster member for which we have onlyphotometric observations but
no spectroscopy.

(b) color-magnitude diagrams

In Fig. 4.11(a) we show the R vs R-I color-magnitude diagram for all stars detected in the Pis-
mis 24 field. For comparison we also plot model isochrones of 0.1, 1, 3, and 30 Myr (Dotter
et al. 2008). The isochrones have been reddened by the visualextinction of 5.5 mag, the mode
of the extinction distribution discussed in Sect. 4.2.2(3a). It can be noted that most of cluster
members fall within the 0.1-3 Myr isochrones. In Fig. 4.11(b), we show the dereddened R vs.
R-I color-magnitude diagram for our spectroscopic sample, along with the model isochrones of
0.1, 1, 3, and 30 Myr (Dotter et al. 2008).

We estimated the masses and ages of the spectroscopic members of Pismis 24 from the dered-
dened R vs. R-I color-magnitude diagram (see Fig 4.11(b)) by comparison with the theoretical
PMS evolutionary tracks (Dotter et al. 2008). There are several sets of pre-main sequence evolu-
tion tracks presented by various authors (e.g. D’Antona & Mazzitelli 1997; Baraffe et al. 1998;
Palla & Stahler 1999; Siess et al. 2000; Dotter et al. 2008). In this work, we will adopt the PMS
evolution tracks from Dotter et al. (2008), as these have thebest resolution in both mass and age.
We stress, however, that there are substantial systematic differences between the different sets of
tracks (see Hillenbrand & White 2004; Hillenbrand et al. 2008for a detailed discussion of the
various sets of PMS evolutionary tracks available in the literature), and our motives for choosing
those by Dotter et al. (2008) are pragmatic. Qualitatively,analyses such as ours do not depend
on the specific set of tracks chosen, as long as the parametersof every object and every cluster
are determined using the same set of theoretical tracks.

The results are listed in Table 4.3. For the cluster members without spectroscopic observations
we cannot accurately estimate the mass and age of any individual object since we do not know
the foreground extinction towards individual stars. Instead, we derived a mass and age proba-
bility function for each object by drawing 2000 random samples from the extinction probability
function derived from Fig. 4.10(b). Thus we obtain 2000 “virtual” positions in the R vs. R-I
color-magnitude diagram for each observed star, each corresponding to a specific mass and age,
and as a whole properly sampling the extinction distribution function. The ensemble of the mass
and age estimates of the cluster members yields a good representation 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 the stars detected on the VIMOS images.
The dashed lines are PMS isochrones of 0.1, 1, 3, and 30 Myr (Dotter et al. 2008). The solid
line represents the ZAMS (Schaller et al. 1992). The isochrones are reddened by the mode of the
extinction distribution of the spectroscopic members of Pismis 24 cluster. The grey density map
presents the distribution of all detected sources on the VIMOS images. The filled circles show
the counterparts of X-ray sources. The open diamonds mark the X-ray emission stars that have
been observed with VIMOS spectroscopy. The open circles present the stars without detected
X-ray emissions that have been observed with VIMOS spectroscopy. (b): the dereddened R vs
R-I color-magnitude diagram for spectroscopic sample. The extinction for each star is estimated
by comparing the observed R-I color with the intrinsic R-I color expected from the spectral type.
The symbols are same as in panel (a).

Table 4.3: Stellar parameters for X-ray emissing stars withspectral types in PISMIS 24. Column
2: the identification numbers in Wang et al. (2007)

(1) (2) (3) (4) (5) (6) (7) (8)
RA DEC AV mass age

ID W07 (J2000) (J2000) Spt (mag) (M⊙) (Myr)
3 3 17 23 59.16 -34 12 16.9 G5 4.369 2.938 1.4
4 6 17 24 03.22 -34 14 02.2 G5 5.508 2.665 1.9
9 12 17 24 07.66 -34 17 52.4 K5 6.440 0.862 0.6
15 18 17 24 13.60 -34 09 21.3 K2 3.661 1.540 1.1
16 19 17 24 13.60 -34 16 56.7 M9 7.492 ... ...
18 21 17 24 13.74 -34 06 57.1 M9 19.531 ... ...
19 22 17 24 14.72 -34 10 43.7 F8 1.798 1.664 8.1
25 30 17 24 16.18 -34 13 11.4 K2 2.634 1.475 2.9
29 35 17 24 18.79 -34 12 04.8 K7 4.607 0.666 1.4
30 36 17 24 19.60 -34 15 44.4 K3 5.746 1.271 0.9
31 38 17 24 20.25 -34 13 10.6 K5 6.793 0.834 0.3
35 44 17 24 21.72 -34 13 25.4 M2 4.402 0.408 4.7
36 46 17 24 21.82 -34 12 59.2 M1 4.919 0.428 0.5
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Table 4.3: continued.

(1) (2) (3) (4) (5) (6) (7) (8)
RA DEC AV mass age

ID W07 (J2000) (J2000) Spt (mag) (M⊙) (Myr)
37 47 17 24 22.05 -34 14 29.7 G5 4.620 2.565 2.1
38 48 17 24 22.95 -34 12 22.0 K5 4.635 0.890 0.9
39 50 17 24 23.47 -34 09 42.3 M3 2.423 0.292 0.1
40 51 17 24 23.95 -34 08 15.8 K3 6.377 1.373 0.2
43 55 17 24 25.40 -34 19 15.8 K3 6.579 1.268 0.7
49 64 17 24 27.30 -34 08 01.0 K5 5.493 0.828 0.3
74 94 17 24 31.35 -34 11 35.2 M0 5.762 0.681 14.0
78 98 17 24 31.66 -34 10 46.7 M4 6.930 ... ...
80 101 17 24 32.04 -34 13 05.2 K4 5.131 1.115 1.2
88 110 17 24 32.86 -34 09 02.5 K4 5.216 1.094 0.9
89 112 17 24 33.03 -34 16 54.8 K4 6.238 1.081 0.6
92 115 17 24 33.25 -34 15 15.1 M0 5.095 0.477 0.5
100 124 17 24 33.88 -34 11 55.1 M5 6.513 ... ...
101 125 17 24 33.99 -34 05 50.3 K7 7.002 0.514 0.1
108 133 17 24 34.46 -34 12 46.6 K7 4.855 0.655 1.3
110 135 17 24 34.63 -34 08 44.5 K3 5.331 1.269 0.6
113 138 17 24 34.74 -34 15 24.7 M1 4.467 0.512 2.7
127 156 17 24 36.48 -34 12 36.9 G9 4.315 2.031 2.8
129 158 17 24 36.65 -34 15 50.8 K3 4.907 1.283 1.2
134 163 17 24 36.76 -34 11 45.5 K7 5.515 0.533 0.2
135 164 17 24 37.13 -34 12 25.9 K7 5.766 0.547 0.3
142 172 17 24 37.76 -34 12 14.9 M2 6.675 0.400 0.8
144 174 17 24 37.83 -34 12 33.4 M2 5.238 0.417 3.6
151 181 17 24 38.38 -34 11 15.4 M0 4.319 0.548 1.4
154 186 17 24 38.72 -34 12 08.5 K3 5.661 1.294 1.5
157 190 17 24 38.75 -34 17 09.3 K7 5.864 0.550 0.3
160 193 17 24 38.89 -34 14 05.4 K7 4.934 ... ...
164 197 17 24 39.03 -34 10 07.8 M7 1.953 ... ...
166 199 17 24 39.29 -34 09 39.5 K7 5.629 0.554 0.3
170 203 17 24 39.52 -34 13 18.2 K3 5.249 1.285 0.4
171 204 17 24 39.53 -34 19 40.0 G5 5.153 2.225 3.1
173 206 17 24 39.61 -34 16 33.2 K3 5.140 1.291 4.3
174 207 17 24 39.71 -34 12 19.1 K5 6.064 0.855 0.5
175 208 17 24 39.68 -34 13 47.9 M3 4.920 0.337 1.6
179 212 17 24 39.87 -34 14 11.5 M1 5.166 0.450 0.8
181 214 17 24 40.07 -34 17 12.9 K7 4.852 0.653 1.2
186 219 17 24 40.26 -34 12 10.4 M0 4.407 0.451 0.3
188 221 17 24 40.32 -34 11 54.9 K7 4.759 0.581 0.5
189 223 17 24 40.45 -34 15 03.3 K7 5.164 0.773 4.0
196 230 17 24 40.73 -34 05 34.7 K4 5.100 1.107 1.1
199 233 17 24 40.94 -34 11 04.2 M0 3.737 0.638 4.9
200 234 17 24 40.98 -34 11 26.3 M2 5.576 0.411 1.2
201 235 17 24 40.99 -34 13 17.6 M1 5.663 0.500 2.0
203 238 17 24 41.12 -34 11 34.9 K5 5.718 1.022 3.1
206 241 17 24 41.21 -34 11 11.2 M1 2.754 0.504 2.2
208 243 17 24 41.25 -34 11 38.8 K2 4.997 1.760 0.2
209 244 17 24 41.29 -34 08 59.0 M0 6.250 0.505 0.7
212 247 17 24 41.32 -34 16 11.9 K3 5.025 1.288 1.4
213 248 17 24 41.34 -34 12 16.0 K7 4.201 0.667 1.4
223 258 17 24 41.64 -34 12 50.3 K7 3.876 0.636 1.0
225 260 17 24 41.73 -34 12 04.5 M1 5.452 0.533 4.7
235 272 17 24 41.95 -34 12 26.7 M2 4.999 0.402 0.9
247 285 17 24 42.17 -34 16 23.2 K5 5.275 0.876 0.7
252 291 17 24 42.29 -34 13 01.9 M4 3.031 0.288 0.3
264 309 17 24 42.68 -34 11 02.8 M3 ... ... ...
271 318 17 24 43.11 -34 12 30.4 M0 0.977 0.530 87.6
274 321 17 24 43.19 -34 16 42.8 K2 4.850 1.486 2.7
278 326 17 24 43.24 -34 12 17.8 K3 5.185 1.311 2.3
279 328 17 24 43.26 -34 12 35.9 K3 5.142 1.454 0.1
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Table 4.3: continued.

(1) (2) (3) (4) (5) (6) (7) (8)
RA DEC AV mass age

ID W07 (J2000) (J2000) Spt (mag) (M⊙) (Myr)
283 335 17 24 43.36 -34 11 37.1 K7 4.550 0.521 0.2
288 343 17 24 43.51 -34 09 15.4 K7 4.260 0.791 20.4
306 370 17 24 43.89 -34 13 10.9 K7 4.802 0.609 0.7
312 379 17 24 43.97 -34 11 45.8 K4 6.231 1.114 1.2
321 389 17 24 44.15 -34 13 06.8 M4 2.920 0.267 0.8
323 393 17 24 44.19 -34 13 30.1 K5 6.795 0.840 0.4
327 397 17 24 44.37 -34 12 40.5 K2 4.888 1.602 0.5
328 399 17 24 44.39 -34 10 39.9 K3 5.480 1.286 0.4
339 412 17 24 44.66 -34 12 47.5 M0 5.352 0.427 0.1
344 419 17 24 44.72 -34 08 41.6 K5 6.977 0.845 0.4
348 423 17 24 44.80 -34 17 32.2 K4 5.861 1.152 7.0
349 425 17 24 44.80 -34 16 36.4 K2 8.852 1.566 0.7
351 429 17 24 44.94 -34 11 44.9 M6 15.097 ... ...
352 430 17 24 44.95 -34 13 14.0 M8 0.856 ... ...
359 439 17 24 45.20 -34 12 54.6 G8 5.626 2.432 1.9
365 447 17 24 45.35 -34 17 48.6 M5 8.695 ... ...
367 449 17 24 45.41 -34 13 09.8 K7 6.146 0.618 0.8
370 452 17 24 45.50 -34 11 47.8 M0 5.679 0.447 0.3
373 456 17 24 45.56 -34 15 04.1 K2 6.585 1.378 5.0
375 458 17 24 45.63 -34 11 34.4 M4 6.254 ... ...
376 459 17 24 45.69 -34 12 46.5 M5 3.340 ... ...
379 462 17 24 45.79 -34 11 21.7 M0 4.165 0.523 1.0
385 469 17 24 45.93 -34 12 41.2 K7 8.118 0.590 0.6
387 471 17 24 46.02 -34 14 07.6 K3 6.168 1.322 0.3
391 475 17 24 46.26 -34 11 43.4 K7 8.320 0.518 0.1
393 477 17 24 46.39 -34 14 16.3 M4 5.592 0.265 0.8
395 480 17 24 46.49 -34 12 56.3 K7 4.286 0.658 1.3
397 482 17 24 46.51 -34 14 42.0 K4 2.869 ... ...
401 487 17 24 46.64 -34 13 35.1 M3 5.180 0.342 1.3
404 490 17 24 46.63 -34 13 30.4 M1 5.789 0.384 0.2
408 495 17 24 46.76 -34 12 40.0 K7 4.790 0.606 0.7
414 501 17 24 47.03 -34 13 58.3 M3 5.123 ... ...
417 505 17 24 47.13 -34 08 25.0 K7 6.734 0.517 0.1
422 511 17 24 47.33 -34 10 30.3 M0 1.390 0.629 4.3
433 523 17 24 47.77 -34 15 04.1 K5 6.489 0.839 0.4
434 524 17 24 47.82 -34 14 51.0 M1 4.860 0.467 1.1
437 528 17 24 47.94 -34 13 25.2 K7 5.094 0.854 6.7
444 535 17 24 48.16 -34 13 00.6 M1 4.033 0.531 4.4
452 543 17 24 48.74 -34 18 02.3 K5 5.217 0.993 12.4
454 546 17 24 48.95 -34 15 35.9 K7 5.648 0.686 43.2
456 548 17 24 48.96 -34 14 54.1 K7 6.298 0.606 0.7
457 549 17 24 48.96 -34 13 50.9 K3 6.233 1.269 0.8
465 557 17 24 49.26 -34 15 19.2 K7 6.076 0.516 0.1
466 558 17 24 49.31 -34 13 20.2 M0 5.469 0.488 0.6
469 561 17 24 49.46 -34 12 29.1 K3 5.800 1.301 1.8
473 565 17 24 49.66 -34 15 27.9 K3 6.586 1.289 0.4
475 567 17 24 49.79 -34 15 58.9 K3 6.577 1.269 0.8
476 568 17 24 49.79 -34 09 00.4 M2 1.285 0.420 1.9
478 570 17 24 49.85 -34 12 10.9 K7 6.423 0.636 1.0
487 580 17 24 50.41 -34 16 54.7 M3 6.721 0.335 0.4
491 584 17 24 50.73 -34 15 30.1 K7 7.155 0.537 0.2
496 591 17 24 51.35 -34 16 15.0 M2 7.093 0.397 0.8
502 599 17 24 51.96 -34 15 13.2 K5 6.267 0.933 1.4
505 602 17 24 52.17 -34 11 14.3 M1 5.903 ... ...
506 603 17 24 52.35 -34 10 23.8 M3 5.008 0.337 1.6
513 611 17 24 53.05 -34 15 38.5 K7 6.817 0.568 0.4
520 619 17 24 53.43 -34 15 51.4 M3 6.144 0.325 0.3
523 622 17 24 53.65 -34 12 22.1 K7 6.798 0.584 0.5
524 623 17 24 53.63 -34 12 15.3 K5 6.924 0.834 0.1
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Table 4.3: continued.

(1) (2) (3) (4) (5) (6) (7) (8)
RA DEC AV mass age

ID W07 (J2000) (J2000) Spt (mag) (M⊙) (Myr)
525 624 17 24 53.69 -34 16 04.4 K7 5.048 0.706 38.5
526 625 17 24 53.73 -34 16 51.5 K2 5.454 1.570 0.6
537 639 17 24 54.91 -34 11 23.9 M0 6.930 0.504 0.7
546 649 17 24 55.55 -34 16 31.7 K5 5.177 0.833 0.3
562 668 17 24 57.37 -34 16 02.1 M3 7.465 0.326 0.3
565 671 17 24 57.85 -34 10 32.9 M5 3.073 ... ...
572 682 17 24 58.94 -34 17 22.7 K7 4.908 0.770 3.9
580 692 17 24 59.75 -34 09 58.8 M1 6.359 0.538 5.5
585 697 17 25 00.30 -34 17 12.7 M2 4.572 ... ...
595 711 17 25 02.32 -34 06 26.5 M3 0.160 0.318 2.2
597 714 17 25 02.58 -34 16 28.3 M3 5.690 0.335 0.4
600 718 17 25 03.17 -34 08 49.6 G5 1.557 1.632 7.2
603 722 17 25 03.41 -34 15 52.0 K4 5.786 1.144 1.8
610 730 17 25 05.56 -34 19 19.8 K5 6.209 0.831 0.3
623 752 17 25 09.91 -34 15 51.6 K3 2.146 1.279 0.4
630 760 17 25 11.80 -34 18 36.7 K2 2.314 1.554 0.8
634 767 17 25 14.28 -34 16 38.8 K3 5.076 1.303 3.7
637 771 17 25 16.94 -34 14 03.5 K5 5.927 1.058 4.8
642 777 17 25 22.24 -34 16 18.6 M3 6.163 0.346 1.2
643 778 17 25 23.77 -34 17 55.3 K3 2.863 1.290 1.4

Figure 4.12: (a): The mass distribution of all X-ray emitting stars (open histogram), and X-ray
emitting stars with well determined spectral types (filled histogram). The filled circles show
the Trapezium IMF, scaled to match the open histogram. The dash line shows the complete-
ness limit of the X-ray observations (∼0.4 M⊙). (b): The age distribution of all X-ray emitting
stars (line-filled histograms) and X-ray sources with well determined spectral types (filled his-
tograms). Both distributions yield a similar median age of∼1 Myr. The solid-line histograms
show the coeval model. The dashed-line histograms represent the model with an age distribution
of 0.9±0.9 Myr

In Fig. 4.12(a) we compare the mass distribution of Pismis 24cluster with the IMF of the Trapez-
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ium cluster. The Trapezium IMF and the observed mass function of the Pismis 24 cluster are very
similar down to∼0.4 M⊙. At masses below 0.4M⊙both distributions are clearly different, with
a substantial lack of observed stars in Pismis 24 compared tothe Trapezium cluster, which we
attribute to incompleteness in the Pismis 24 sample. To further quantify this, we estimate the
10σ detection limits in the VIMOS imaging data in the R and I-bands. These limits vary from
region to region due to the highly variable nebular background levels, in particular in the R-band.
Here we only give the average 10σ limits, which are 22.5 and 21.1 mag in the R and I bands,
respectively. From PMS evolutionary tracks we obtain apparent brightnesses of 22.3 mag in R-
band and 19.4 I-band, respectively, for a PMS star with a massof 0.4 M⊙, an age of 1 Myr, and
an extinction ofAV=6 mag (Dotter et al. 2008). This confirms that the relative lack of Pismis 24
members with masses below 0.4M⊙ 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 members in Fig. 4.12(a). Compared to
the mass function of all known cluster members, the distribution within the spectroscopic sample
is much flatter in the mass range between∼1.5 M⊙ and∼0.4 M⊙, again indicating that a large
fraction of the low mass population has not been included in the spectroscopic data.

In Fig. 4.12(b), we show the age distribution of the spectroscopic members and all known mem-
bers of the Pismis 24 cluster. Both distributions look very similar, though the former sample
is very incomplete (see Fig. 4.12(a)). From these distributions, we estimate the median age of
Pismis 24. The spectroscopic members give a median age of 0.9Myr, and 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 Pismis 24 show large spread. To in-
vestigate the statistical significance of the observed spread in age, we performed a simple Monte
Carlo simulation. We first explored the possibility of coevalstar formation in Pismis 24. We
used Monte Carlo techniques to generate a coeval population of 0.9 Myr old stars at a distance of
1.7 kpc with a mass function of the Trapezium cluster. For each model star, we obtained the mag-
nitude in R and I bands using the evolutionary tracks from Dotter et al. (2008) according to the
assumed mass and age. To mimic the observed photometric uncertainties, we varied the model
photometry by adding random offsets drawn from a Gaussian distribution with a 1-sigma devi-
ation of 0.1 mag. To simulate the effect of extinction, we reddened the photometry with values
drawn at random from the extinction probability function for Pismis 24 (see Fig. 4.10(b)), and
included only synthetic stars with R-band magnitudes brighter than 23 mag to well reproduce the
observed color-magnitude diagram shown in Fig 4.11(a). In one simulation, we produced a clus-
ter with 1000 stars. We derived the age distribution from themodel cluster with the same method
that we applied for Pismis 24. We have performed 10 simulations, and obtained an average age
distribution from them. The resulting age distribution is shown in Fig 4.12(b). The age spread
inferred from the observations is larger than what can be explained by an intrinsically coeval
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population with the aforementioned observational uncertainties. Therefore, we explore the pos-
sibility of an intrinsic age spread for the members in Pismis24. We modified the original Monte
Carlo simulation by randomly sampling the ages from a uniformdistribution between 0-1.8 Myr,
and repeating the calculations in an otherwise identical way. The resulting simulated age distri-
bution is shown in Fig. 4.12(b). The simulations assuming anintrinsic age distribution match
the observations substantially better than those assuminga coeval population. Still, the modeled
peak in the age distribution around∼1 Myr is somewhat higher than the observed distribution,
which may be due to other effects unconsidered in our simulations, e.g., stellar variability, unre-
solved binary, accretion activity including accretion history and current accretion rates, scattering
effect from circumstellar disks (e.g. Burningham et al. 2005; Baraffe et al. 2009; Guarcello et al.
2010). The stellar variability and unresolved binarity caninduce the scatter of the apparent lumi-
nosity, therefore inducing an apparent spread in ages. Episodic accretion histories has also been
proposed to explain the observed spread in HR diagrams by Baraffe et al. (2009). They show that
an evolution including short episodes of vigorous accretion followed by longer quiescent phase
can reproduce the observed luminosity spread in HR diagramsat ages of a few Myr years in the
very low-mass range. Besides the accretion history, currentaccretion activity can produce excess
emission, rendering the colors of young stars bluer and increasing the observed luminosity (Da
Rio et al. 2010). Differential accretion rates of young stars can thus disperse young stars on HR
diagram. The scattering from circumstellar disks also makes the optical colors of young stars
bluer, therefore affecting the derivation of physical parameters, e.g., extinction, and luminosity
(Guarcello et al. 2010). All these effects introduce scatter in the distribution of young populations
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 Pismis 24 (Hester & Desch 2005), which
appears as a bright head with a tail and thus shows the characteristic shape of proplyds. These
have been found in many star-forming regions harboring massive stars, e.g. the Orion Nebula
(O’dell et al. 1993), NGC 3603 (Brandner et al. 2000), NGC 2244(Balog et al. 2006), etc. The
proplyds are interpreted as the outer disks of young stars that are being photoevaporated by EUV
and FUV radiation from nearby massive stars. The energetic photons from neighboring massive
stars heat gas in the outer disks to temperatures such that the sound speed exceeds the local
escape velocity, allowing the gas to flow away (Hollenbach etal. 2000). This scenario has been
reproduced by simulations (see e.g. Richling & Yorke 2000). The tail of proplyd-1 is pointing
away from the most massive stellar system in the Pismis 24 cluster, Pis 24-1, suggesting that the
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Figure 4.13: A photoevaporating disk candidate in Pismis 24. Panels (a)(b)(c)(d) are centered on
RA=17:24:45.26, DEC=-34:11:30.5. Panels (a)(b)(c) are HST images in the F502N, F656N, and
F673N bands, which cover [O III], Hα and [S II] respectively. Panel (d) shows the HST image in
F850LP band. In each panel, the arrow shows the projected direction of Pis 24-1 relative to the
target. The inset in each panel shows a zoom-in of the proplydin each HST band.

latter is responsible for the creation of proplyd-1. Proplyd-1 is 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 F502N,F656N, F673N and 850LP bands,
respectively. In all four bands proplyd-1 shows a bright, spatially extended head, but its tail
appears different in each band. In the F502N band the tail of proplyd-1 appears more diffuse and
extended than in the F656N and F673N bands. The F502N, F656N,and F673N bands cover the
[O III]5007, Hα, and [S II] 6717,6731 emission lines, respectively. The different appearance of
the tails in the different bands can be attributed to the the abundance of their agent. The Hα and
[S II]6717,6731 lines reach their maximum intensity at the hydrogen ionization front (H I-front),
whereas the [O III]5007 line attains its maximum outside of the H I-front where EUV photons can
still reach the oxygen and ionize O II (Richling & Yorke 2000).In the F850LP band proplyd-1
is firstly presented with a head-tail shape in high resolution (∼0.1′′). The tail shows a clear cone-
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Figure 4.14: Four new photoevaporating disk candidates in Pismis 24. Panels (a)(b)(c)(d) are
the images from HST in the F850LP band. Panel (a) is centered on RA=17:24:47.65, DEC=-
34:11:25.4; panel (b) is centered on RA=17:24:45.88, DEC=-34:11:24.7; panel (c) is centered
on RA=17:24:46.27, DEC=-34:11:19.7; and panel (d) centered on RA=17:24:47.19, DEC=-
34:12:10.8. The numbers 1, and 2 on each panel are corresponding to Pis 24-1, and Pis 24-2. The
arrow on each panel shows the direction from Pis 24-1 or Pis 24-2 to each proplyd.

like peak shape with extended diffuse emission, similar to the appearance in Hα. We estimate
the length from the head to the tail of proplyd-1 in the F850LPband to be∼1.′′, corresponding
to a projected length of∼ 1700 AU, comparable to the values found in simulations (Richling &
Yorke 2000).

Proplyd-1 was also detected in our VIMOS images, with fluxes of 20.02±0.11 mag in R band,
and 19.17±0.07 mag in I band. Its R-I color of 0.85 mag is unusually blue compared to that
expected for young low-mass star in Pismis 24: for a 1M⊙ star with an age of 1 Myr and behind
5.5 mag of visual extinction we would expect an R-I color of∼2 mag from PMS evolutionary
models (Dotter et al. 2008). The comparatively blue R-I colorof Proplyd-1 could be due to (1)
a dominant contribution of the Hα emission line from the photoevaporating disk to the R-band
flux; (2)the scattering effect by the evaporation circumstellar disks. Proplyd-1 is not present
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in the 2MASS catalog. In the GLIMPSE catalog it is detected inthe [3.6], [4.5], and [5.8]
bands, with fluxes of 11.13±0.09 mag, 10.54±0.31 mag, and 9.30±0.10 mag, respectively. These
infrared fluxes indicate that proplyd-1 still has an optically thick inner disk.

In addition to the previously known proplyd-1, we find four new proplyd candidates in the
F850LP image, hereafter named Proplyd-2, Proplyd-3, Proplyd-4, and Proplyd-5, which are
shown in Fig. 4.14. Proplyd-2, 3, 4 show tails pointing away from Pis 24-1, suggesting that the
latter is responsible also for these proplyds. Careful inspection of proplyd-5 reveals two tails, a
long one pointing away from Pis 24-2 and a shorter tail pointing away from Pis 24-1. This sug-
gests that proplyd-5 is being photoevaporated by two neighboring massive stars simultaneously,
with Pis 24-2 dominating in this case. In our VIMOS images we have detected proplyd-2 and
proplyd-5. Similar to proplyd-1, they show unusually blue R-I colors (0.51 mag and 0.28 mag,
respectively), confirming their proplyd nature. The projected distances from proplyds 2-5 to their
ionizing stars are around 0.3-0.5 pc, suggesting that massive stars like Pis 24-1 and Pis 24-2 can
directly photoevaporate disks out to distances of at least 0.5 pc.

Figure 4.15: (a) H-Ks vs. [H]-[3.6] and (b) H-Ks vs. [H]-[4.5] color-color diagrams for X-ray
emitting stars in Pismis 24 cluster. The filled circles represent all the members of Pismis 24
cluster detected in H, Ks, [3.6], and [4.5] bands. The dashed lines and arrows represent the
extinction laws. The arrow length denotes one magnitude of extinction in the K band. The open
diamonds show the cluster members with inner disks which show excess 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 starcluster, i.e. which fraction of
cluster members (still) show near-infrared excess emission indicative of optically thick material
in the inner disk regions. We will use the H-Ks vs. H-[3.6] and H-Ks vs. H-[4.5] color-color
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diagrams to identify stars with inner disks. These colors are more suitable than the classical IRAC
[3.6]-[4.5] vs. [5.8]-[8.0] color-color diagram in the case of Pismis 24, since requiring objects
to be detected inall IRAC bands causes the sample to be strongly biased towards relatively
luminous sources and sources with disks. By including only the data from the two most sensitive
IRAC bands we get a much more representative sample. Exclusion of the 5.8 and 8.0µm IRAC
bands does cause potential transition disk objects, that show infrared excess only in the long
wavelength IRAC bands, to be excluded from the disk frequencystatistics. In Fig. 4.15 we show
the colors of all 279 cluster members that are detected in each of the H, Ks, [3.6], and [4.5] bands.
We identify stars as having inner disks if they show excess emission in both the IRAC [3.6] and
[4.5] bands. In total, 83 cluster members harbor inner disks, yielding an inner disk frequency of
30±3% in Pismis 24.

Figure 4.16: The inner disk frequencies (fid) in different star formation regions as a function of
age. The frequencies are estimated from H-Ks vs. [K]-[3.6] and H-Ks vs. [K]-[4.5] color-color
diagrams. The frequencies are estimated for stars with masses larger than 0.5M⊙, which is the
mass completeness limit for Pismis 24 cluster. The dashed line is the fit to inner disk frequencies
of the four clusters, Pismis 24, NGC 2244, NGC 6611, andγ vel, which givesfid=e−t/1.0, whereas
the solid line is the fit to all other star formation regions, which is fid =e−t/2.3. Here t is the age in
Myr.

For comparison we estimate the inner-disk frequencies of YSOs in other star formation regions
(SFRs) using the same diagnostic as employed for the Pismis 24cluster. A detailed description
for each SFR is presented in Appendix 4.4. In order to make a meaningful comparison we should
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calculate the disk frequency statistics for YSOs in the samemass range in each region since disk
frequencies can depend on stellar mass (e.g. Chapter 3; Lada et al. 2006; Luhman et al. 2008a;
Herńandez et al. 2007b), especially for YSO populations older than 3 Myr (Kennedy & Kenyon
2009). The lowest mass that we use for selecting YSOs for our comparative disk frequency
study is set by the mass completeness limit of the Pismis 24 data. In the latter cluster the mass
completeness is mainly limited by the 2MASS H and Ks band data. Given a foreground extinction
of Av∼6 mag, the 2MASS H and Ks band magnitude limits of∼15 and 14.3 mag ( 10σ), and an
age of 1 Myr for Pismis 24, the mass completeness for detection of the photospheric emission
in the 2MASS data is approximately∼0.5 M⊙, and we will therefore consider only objects with
masses above this limit in our comparative study. The resulting inner-disk frequencies (fid)
of each SFR as a function of their ages is shown in Fig. 4.16. For comparison we also plot
the age-dependency of theaccretor frequency, which is also proxy for the presence of material
in the inner disk, as obtained by Fedele et al. (2010) by fitting an exponential profile to the
observed accretor frequencies of a number of star forming regions. In most SFRs the inner disk
frequency that we derive matches the accretor frequency behavior derived by Fedele et al. (2010)
very well. Four clusters, however, show substantially lower inner disk frequencies: Pismis 24,
NGC 2244, NGC6611 andγ vel clusters. These four clusters all harbor extremely massive stars
(see Table 4.4).

To see whether the inner disk frequency depends on location within the Pismis 24 cluster we
calculated it in four projected distance bins from Pis 24-1 (the dominant UV-photon emitter):
≤0.6 pc, 0.6-1.2 pc, 1.2-1.8 pc, and 1.8-2.4 pc. The result is shown in Fig. 4.17. In the innermost
distance bin the disk frequency is∼19%. In the other three bins it is approximately constant
at a substantially higher value of∼36-38%. The decrease of the disk frequency near Pis 24-1
is a∼2σ effect in our data. Decreased disk frequencies in the immediatevicinity of massive
stars have been found in several massive clusters, e.g. NGC 2244, NGC 6611, and the Arches
cluster (Balog et al. 2007; Guarcello et al. 2009; Stolte et al. 2010), suggesting rapid destruction
of circumstellar disks in such environments.

In Fig. 4.18, we show the disk frequency as a function of stellar mass in the Pismis 24 cluster.
The adopted mass for each star is the median value of its mass probability function (see sec-
tion 4.2.2(3b)). As shown in Fig. 4.18, the disk frequency increases with decreasing stellar mass
in Pismis 24. This is different from the behavior in some small clusters or isolated SFRs at sim-
ilar ages of∼1 Myr (e.g. NGC 2068/2071, L1641, and Taurus, Chapter 3; Luhman et al. 2010),
but similar to the one in some relative older clusters (e.g. IC 348, Tr 37, and IC 1795, Kennedy
& Kenyon 2009Roccatagliata et al. 2010, submitted). Within Pismis 24 we have compared the
spatial distribution of cluster members of sub-solar mass with that of members of 1M⊙ or more.
The two distributions are not significantly different, and therefore we cannot attribute the lower
disk frequency around YSOs with masses above 1M⊙ to comparatively close proximity to the
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Figure 4.17: The frequencies of inner disk as a function of projected distance from Pismis 24-1,
the most massive stellar system in Pismis 24 cluster. Absolute number counts for each bin are
given at the top of the panel.

Figure 4.18: The frequencies of inner disk as a function of stellar masses. The dashed line marks
the completeness limit of the sample.
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massive stars. Our observations suggest that the disks around∼solar and intermediate mass stars
evolve faster than those around lower mass stars in massive clusters 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 frequencies (fid) in most SFRs follow the evolutionary func-
tion fid =e−t/2.3 to good approximation. Clusters in which extremely massive stars are present
(Pismis 24, NGC 244, NGC 6611, andγVel), however, show a substantially quicker reduction
of the inner disk frequency. If we fit the disk frequency as a function of age for the latter four
clusters using the same functional shapefid =e−t/τ0, we find τ0∼1.0 Myr. Therefore, the aver-
age inner disk lifetime in these massive cluster is only halfof that in clusters without extremely
massive stars, for which we findτ0 ∼2.3 Myr. The disks in these massive clusters are evidently
rapidly dissipated, but which physical mechanism is driving this development? A range of pro-
cesses have been proposed to explain disk dissipation, including viscous evolution, gravitational
interactions, and photoevaporation by the central star or neighboring massive stars. The lat-
ter two mechanisms, stellar encounters and photoevaporation, are potential explanations for the
comparatively low disk frequency in massive clusters like Pismis 24.

(1) Stellar encounters

The stellar encounter mechanism involves a circumstellar disk and a nearby passing star. Mutual
gravitational interaction can induce a significant loss of mass and angular momentum from the
disk (Pfalzner et al. 2006; Olczak et al. 2006; Pfalzner & Olczak 2007; Olczak et al. 2010).
Simulations of stellar encounters in a cluster environmentlike the ONC have shown that stellar
encounters are a potentially very important disk dissipation mechanism in the first several Myrs.
When the stars involved in the encounters have unequal massesthe disks are most affected.
Therefore, in dense clusters like the ONC, the massive stars dominate the disk-mass loss (Olczak
et al. 2006). The disks around these massive stars are also dissipated more quickly than those
around intermediate- and low-mass stars (Pfalzner et al. 2006). Simulations show that, when
the disk radii are scaled with the stellar mass, the disk frequencies decrease with increasing
stellar masses due to stellar encounters in such cluster environments (Pfalzner et al. 2006). New
calculations simulating a range of cluster environments show that the disk mass loss increases
with the number density of stars in the cluster, but is not affected by the total number of cluster
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members (Olczak et al. 2010). In less dense clusters, i.e. four times sparser than the ONC, the
simulations still show substantial disk dissipation due tostellar encounters (Olczak et al. 2010).

We estimated the number density of stars in Pismis 24 from themembers selected from the
Chandra observations. The X-ray data are complete down to∼0.4 M⊙, and the IMF of Pismis 24
closely resembles a standard IMF as that of the Trapezium cluster in the mass range accessible
to observations. In order to calculate the total number density of stars with masses larger than
0.08 M⊙ (the minimum mass used in the simulations of Olczak et al. 2010), we assumed that the
IMF of Pismis 24 follows the standard curve also at masses below 0.4 M⊙, where we do not have
proper observational constraints. We furthermore assumedthe cluster members to be spherically
distributed. In this way we derived the number density of stars to be approximately 1.5×104 pc−3

within 0.1 pc around Pis 24-1, and 2.1×103 pc−3 within 0.3 pc around Pis 24-1, somewhat lower
than those in ONC, where the number density of stars to be approximately 2.4×104 pc−3 within
0.1 pc around the ONC center, and 3.1×103 pc−3 within 0.3 pc around the ONC center. Simu-
lations predict that the disk frequency is reduced to approximately 85% of the assumed initial
disk frequency of 100% due to the stellar encounters in clusters with such number densities of
stars (Olczak et al. 2010). Even though this decrease is substantial, it falls short of explaining the
observed inner disk frequency within 0.6 pc around Pis 24-1,which we have shown to be only
19±6%. Therefore, stellar encounters alone can hardly accountfor the quick dissipation of disks
in the Pismis 24 cluster.

(2) Photoevaporation

In a cluster environment like Pismis 24, where dozens of massive stars are present, photoevap-
oration is another mechanism to dissipate the circumstellar disks around the intermediate- and
low-mass cluster members. UV photons from massive stars canheat the gas in the disk surface
to temperatures at which the sound speed of the gas exceeds the velocity needed to escape the
gravitational potential well of the star, inducing a gas flowaway from the disk (Johnstone et al.
1998; Hollenbach et al. 2000). In photoevaporation models aneutral gas flow from the disk
surface is driven by non-ionizing FUV photons. EUV photons do not reach the disk surface be-
cause they are absorbed by the outflowing material. Further from the disk, where the densities
are lower, EUV photons can penetrate and ionize the outflowing gas, forming an ionization front
(Johnstone et al. 1998; Störzer & Hollenbach 1999; Richling & Yorke 2000).

The mass-loss rates from photoevaporating disks depend on anumber of parameters, in particu-
lar on the intensity of the impinging UV field (especially theFUV flux), the disk radii, and the
stellar masses. Model calculations predict the mass loss rates from disks due to photoevaporation
in the Trapezium cluster to be on the order of 10−7 M⊙ yr−1 up to a projected distance of 0.2 pc
away from the ionizing massive starθ1C Ori, which has a spectral type of O6 (Johnstone et al.
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1998; Sẗorzer & Hollenbach 1999; Henney & Arthur 1998). Spectroscopic observations have
confirmed these mass-loss rates (Henney & O’Dell 1999). The photoevaporation process effec-
tively dissipates circumstellar disks from the outside inward, up to the gravitation radius (rg),
where the escape velocity equals the sound speed, which in turn is determined by the UV heating
(Hollenbach et al. 2000). For a star with a mass of 0.5M⊙ the gravitation radius is estimated to
be∼60 AU, assuming that the disk surface is heated to 1000 K (Adams et al. 2004). Adams et al.
(2004) show that when the disk radius is less thanrg the mass loss rates are still considerable
down to 0.2rg.

In the Pismis 24 cluster there are tens of massive stars and the total FUV photons luminosity is
estimated to be∼10 times that of Trapezium cluster. Therefore we expect photoevaporation to
be very effective in dissipating the outer disks, down to several tens of AU, around young stars
within a distance of 0.6 pc from the center of Pismis 24. The timescale for this dissipation could
be less than 0.5 Myr, assuming an initial disk mass of 0.05M⊙ and mass-loss rates similar to
those observed in the Trapezium cluster.

Adams et al. (2004) predict that the photoevaporation-induced mass-loss rates become very low
at disk radii below 0.2rg. It is almost impossible to photoevaporate disks down to radii r ≤0.1rg

if the heating of gas in the disk surface is dominated by FUV photons that heat the gas to∼
1000 K (Hollenbach & Adams 2004). When also EUV photons can reach the disk surface the
gas temperature can reach∼104 K. If recombination dominates the opacity to EUV photons the
mass-loss rate is given by the following approximate formula:

Ṁ ≈ 9× 10−8(
Φ

1049 s−1
)1/2(

d
1017cm

)−1(
rd

30AU
)3/2 M⊙ yr−1 (4.1)

whereΦ is the EUV photon flux,d is the distance of the circumstellar disk from the ionizing
massive star, andrd 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 whichthe EUV photon flux is estimated
to be∼1050 photons per second. For a circumstellar disk with an initialmass of 0.05M⊙ an outer
radius of 100 AU, and a surface density profileΣ ≈ r−3/2, there will be∼3.5×10−3 M⊙ of material
within 1 AU, where the hot dust causing the excess emission inthe IRAC [3.6] and [4.5] bands
resides. To photoevaporate this amount of material at sub-AU radii within a time span of 1 Myr
requires a mass-loss rate of∼3.5×10−9 M⊙ yr−1induced by EUV photons, which is available only
very close to Pis 24-1, within 0.02 pc. Thus, the rapid dissipation of inner disks at radii below
∼1 AU around Pismis 24-1 cannot be explained by the direct effect of photoevaporation alone,
since most of the cluster members are at distances>> 0.02 pc. Additional physics is required to
explain the low inner disk frequency in the Pismis 24 cluster.

Clarke (2007) couples the mass-loss profiles from Adams et al.(2004) with a viscous disk evolu-
tion model. In her model, the inner parts of the circumstellar disk are continuously being accreted
onto the central star while the outer part is dissipated by the photoevaporation due to UV irradi-
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ation from nearby massive stars. Once the outer parts of diskhave been stripped of their gas in
the photoevaporative flow, the inner disk can no longer be replenished by material from larger
radii. The inner disk is then quickly drained by viscous accretion onto the central star. Adopting
an accretion rate of 2.5×10−8 M⊙ yr−1, the median accretion rate for∼solar mass T-Tauri stars
in the Taurus star-forming region (Najita et al. 2007), viscous accretion can drain the inner disk
within a radius of 30 AU within 1 Myr, given an initial circumstellar disk mass of 0.05M⊙, a
disk radius of 100 AU, and a surface density profileΣ ≈ r−3/2. Therefore, the combination of
viscous accretion and photoevaporation can effectively dissipate the circumstellar disks of young
stars within a radius of∼0.6 pc from the center of Pismis 24 cluster. The dissipation timescale
can be less than 1 Myr, depending on the initial disk masses.

The mass-loss rates from photoevaporation are less sensitive to the intensity of the FUV field
than on the disk radius. When the FUV fluxes decrease by a factorof ten the mass-loss rates
are reduced only by a factor of 2-3 (Adams et al. 2004). Therefore the mass-loss rate from a
circumstellar disk induced by photoevaporation can still be 3-5×10−8 M⊙ yr−1 at a distance of
2 pc from the massive stars. This is still a substantial mass loss rate and a disk with a mass of
0.05 M⊙ can be dissipated on a timescale of∼1 Myr. For disks that are located at substantially
larger distances from the massive stars, direct photoevaporation is likely of minor importance.
Still, the radiation from the massive stars substantially increases the local EUV field and can
contribute importantly to the ionization of material in thedisk surface layers. This may in turn
strongly increase the viscosity of the disk material through the magneto-rotational instability, of
which occurrence and strength depends on the ionization fraction inside the disk (Stone et al.
2000), and lead to increased accretion rates and reduced disk dissipation timescales.

4.3.2 Hot inner disk evolution and transition disks

The inner disk frequencies (fid) in clusters that do not harbor extremely massive stars (see
Sect. 4.2.2(4b) and Fig. 4.16) follow the approximate age dependencyfid =e−t/2.3, wheret is the
cluster age in Myr. The inner disk frequencies are estimatedusing H-Ks vs. H-[3.6], and H-Ks
vs. H-[4.5] color-color diagrams, and thus sources that show infrared excessonlyat wavelengths
longer than∼5 micron are considered to be (inner-) “diskless” in thefid statistic. This means
that a substantial fraction of the so-called “transition disks” (TD) are not included in the numer-
ator of the fid statistic as we apply it. If one would include all four IRAC bands in calculating
the disk frequency2, sources without excess emission in the 3.6 and 4.5µm IRAC channels but

2In Pismis 24 this would bias the sample towards comparatively luminous sources or sources with optically thick
disks due to the limited sensitivity in the IRAC 5.8 and 8.0µm bands, and hence we use data from the more sensitive
3.6 and 4.5µm bands only. In more nearby clusters the long wavelength IRAC channels are sufficiently sensitive
to detect “naked” photospheres down to substantially lowerstellar masses, and meaningful disk frequencies can be
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with infrared excess in the 5.8 or 8.0µm IRAC band would be counted as having a disk. This
approach was chosen by Fedele et al. (2010), who find a decay ofthe disk frequency with cluster
age according tofdisk=e−t/2.9. Note that here we distinguish between the “inner disk frequency”
fid, as traced by the data atλ. 5 µm, and the “disk frequency”fdisk as traced by observations
at λ.9 µm3. Thus, the disk frequencyfid as traced only by the IRAC [3.6] and [4.5] bands
decreases more quickly thanfdisk as calculated including also the [5.8] and [8.0] channels. The
difference can be attributed to the presence of transition disks, and from the above-mentioned
relations we can easily calculate which fraction of the diskpopulation is made up by the transi-
tion disks: fTD =

e−t/2.9−e−t/2.3

e−t/2.9 , wheret is in units of Myr. In the following we will compare this
function to fTD values given in the literature.

Muzerolle et al. (2010) use spectral indices between photometry in various IRAC and MIPS
bands to select TDs in clusters and aggregates in the NGC 1333, L1688, NGC 2068/2071, IC 348,
Ori OB1a/25 Ori and OB1b, andηCha. They use excess emission in the IRAC 5.8µm and MIPS
24µm bands to divide the TDs into three subclasses: classical TDs, weak excess TDs, and warm
excess TDs. The classical TDs show little or no excess emission in [5.8] band and strong excess
emissions in the MIPS [24] band. Weak excess TDs are similar to classical TDs in the IRAC [5.8]
band, but are comparatively faint in the MIPS [24] band. The warm excess TDs show obvious
excess emission in the IRAC [5.8] band. When comparing the fraction of the disk population
that is considered to be a transition disk (fTD) we only count the classical and weak excess TDs
in the sample of Muzerolle et al. (2010), because warm excessTDs usually show substantial
excess emission in the short wavelength IRAC bands and are thus not counted as transition disks
in our fTD statistic. In Fig. 4.19 we plot our derivedfTD and compare it with the TD fractions in
different SFRs from Muzerolle et al. (2010). We find good agreementbetweenfTD(t) curve that
we derive from the comparison offid(t) and fdisk(t) and the more direct determination offTD(t)
by Muzerolle et al. (2010).

Among the whole TD sample of Muzerolle et al. (2010) there are44% classical TDs. By scaling
our fTD function by a factor of 0.44, we obtain the fraction of the total disk population constituted
by classical transition disks:fCTD=0.44 fTD. In Fig. 4.19 we also showfCTD, which well matches
the fCTD observed by Muzerolle et al. (2010).

calculated using data from all four IRAC bands.
3In the current discussion we adopt the latter statistic as the total disk frequency, thereby ignoring the fact that

some objects exist that have no infrared excess atλ≤9 µm but do show excess emission at e.g. 24µm. Therefore,
the fdisk statistic gives only a lower limit to the actual frequency ofcircumstellar disks. This approach is brought
about by practical limitations: the availability and sensitivity of longer wavelength (MIPS) data is substantially less
favorable than for the IRAC data. Also crowding/confusion is more problematic at long wavelengths, in particular
for distant clusters like Pismis 24
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Figure 4.19: The frequencies of TDs (diamonds) and classical TDs (filled circles) among the
disk population in different clusters/aggregates, including NGC 1333, L1688, NGC 2068/2071,
IC 348, OB1b,ηCha, OB1a/25 Ori. The observational data are obtained from Muzerolle et al.
(2010), besides the age of NGC 2068/2071 which is from Chapter 3. The left-pointing arrows
indicate that the ages for NGC 1333, and L1688 are up-limits.The TD sample include classical
TDs and weak excess TDs from Muzerolle et al. (2010). The dashed line is the predicted fre-
quency (fTD =

e−t/2.9−e−t/2.3

e−t/2.9 ) of TDs among all the disk population as a function of age. Thesolid
line is the predicted frequency (fCTD= 0.44 fTD) of classical TDs among all the disk population
as a function of age.

4.4 Summary

We have performed a detailed observational study of the massive star-forming region NGC 6357,
with a special focus on the central cluster Pismis 24. Our study includes X-ray data from the
literature, optical photometry and spectroscopy performed with VLT/VIMOS, HST archival data,
infrared data from the literature as well as our own Spitzer imaging of the central cluster, and
millimeter data.

Using infrared color-color diagrams we have searched for disk-bearing YSOs in the whole
NGC 6357 complex. These are concentrated in three clusters:the known Pismis 24 cluster and
two newly discovered clusters that are associated with the known bubbles CS 59 and CS 63.

We have re-assessed the distance to Pismis 24 by fitting modelisochrones to six O-type stars in
the HR diagram. We find good fits for isochrones of 1 to 2.7 Myr and distances of 1.7±0.2 kpc.
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This puts the NGC 6357 complex at the same distance as the NGC 6334 complex, its close neigh-
bor on the sky, suggesting that both clouds are physically related. Other evidence in the literature
supports this notion.

Using high resolution HST imaging we find that the massive star Pis 24-18 is a binary system.
Positional information suggests that the secondary component is responsible for the X-ray emis-
sion detected from this system.

We have performed an optical imaging and spectroscopic survey of Pismis 24, the main cluster in
the NGC 6357 region, using X-ray observations to identify the cluster members. Using a combi-
nation of optical photometry and spectroscopy we estimate stellar masses, ages, and foreground
extinction values of the brighter part of the population (the “spectroscopic sample”). Using the
well defined extinction distribution observed in the spectroscopic sample we have derived the
mass and age probability function of a much larger sample of young stars for which we have
good photometry but that were too faint for spectroscopy. Wefind that the cluster mass function
of Pismis 24 closely resembles the IMF of the Trapezium cluster down to the completeness limit
of our data of∼0.4 M⊙. The median age of the cluster members is approximately 1 Myr.

We have detected five proplyds in the Pismis 24 cluster, four of which were previously unknown.
The massive stellar system Pis 24-1 is the main source responsible for four of the proplyds. The
fifth proplyd shows two tails: one pointing away from Pis 24-1and the other from Pis 24-2, sug-
gesting that this object is being photoevaporated from two directions simultaneously. Adopting
a distance of 1.7 kpc for Pismis 24 cluster we estimate the projected distances of these proplyds
from their ionizing sources to be∼0.4-0.5 pc.

We employed H-Ks vs. H-[3.6] and H-Ks vs. H-[4.5] color-color diagrams to statistically inves-
tigate the disk frequency in the Pismis 24 cluster. We find that the disk frequency in Pismis 24 is
much lower than that in clusters of similar age but without extremely massive stars. Three other
clusters harboring extremely massive stars also show comparatively low disk frequencies. The
dissipation timescale for the inner disks regions in massive clusters like Pismis 24 is only roughly
half of the value observed in the clusters/star-forming regions without extremely massive stars.

We also find that the disk frequency depends on the location ofobjects within the Pismis 24
cluster: within 0.6 pc from the dominant massive stellar system Pis 24-1 the disk frequency is
substantially lower than at larger radii. This provides direct observational evidence that extremely
massive stars can affect the evolution of disks around intermediate- and low-mass stars in their
vicinity. The observed disk frequency increases with decreasing stellar mass.

The disk frequency as traced by excess emission in the IRAC [3.6] and [4.5] bands only decreases
more quickly with cluster age than the disk frequency derived when including also the [5.8] and
[8.0] bands. The difference is due to the transition disk population that shows noinfrared ex-
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cess in the short-wavelength IRAC bands but does have excess emission in the long-wavelength
bands. From these observations we derive the occurrence of transition disks among the total disk
population, as a function of time, which agrees well with previously published statistics.
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Appendix

(1) Disk frequencies in different star formation regions

In table 4.4, we list each SFR used in Fig 4.16. In the table, there are 18 SFRs, of which median
ages range from∼0.7-11 Myr. To allow a comparative study on disk frequenciesof different
SFRs, we only select YSOs with masses≥0.5 M⊙in each SFR since the disk frequencies show
dependence on stellar masses. To do this in each SFR, we use H-band magnitudes as a measure of
YSO masses. For each SFR, we estimate the H-band magnitude fora PMS star with the median
age of the SFR from the PMS evolutionary tracks from Dotter etal. (2008), and use this H-band
magnitude as lower limit to select YSOs in that SFR. The H-bandlimit magnitude for each SFR
is listed in Table 4.4. We obtain photometry of each YSO in H, Ks, [3.6], and [4.5] bands. The
H and Ks band photometry are from 2MASS survey, and the photometry in IRAC [3.6] and
[4.5] bands from the literature and our work. The referencesfor that the IRAC [3.6] and [4.5]
photometry come from are listed in Table 4.4. For the four SFRs, ONC, OMC 2/3, Mon R2, and
NGC 2244, their photometry in IRAC bands come from our work. For these SFRs, we download
BCD images from Spitzer archive, mosaiced the images with Mopex software, and performed
psf-fitting photometry on the mosaiced images with IDL codesdescribed in Chapter 3. Similar
to what we have done for Pismis 24 cluster, we estimate the disk frequency of each SFR using
H-Ks vs. H-[3.6], and H-Ks vs. H-[4.5] color-color diagrams. The YSO is considered as having
an inner disk if it shows excess emission in [3.6] and [4.5] bands. The resulting disk frequency
of each SFR is listed in table 4.4.
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Table 4.4: the fractions of YSO with [3.6] and [4.5] band excess emissions in different SFRs.
Column 3: the median age of each SFR. Column 4: the references forthe median age of SFR.
Column 5: the spectral types for the most massive star in each SFR. Column 6: the criteria for
YSO selection. X: stars with X-ray emission, IR: stars with excess emission at infrared bands,
Hα: Hα photometry, Sp: members confirmed by spectroscopy, PM: photometric members. Col-
umn 7: the references for YSO selections. Column 8: the fractions of stars with excess emissions
in [3.6] and [4.5] bands. Column 9: H-band magnitude limit. Column 10: the references for
Spitzer IRAC data.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Dis Age YSO DF Limit

Name (pc) (Myr) Ref Spt criteria Ref (%) (mag) IRAC

Taurus 140 1.5 (1) ... X, IR (2) 52±9 8.9 (2)

IC 348 315 2.5 (3) B5 V X, SP (3) 23±8 11.0 (3)

NGC 2068/71 450 0.9 (4) B1.5 V SP (5) 87±24 10.8 (4, 5)

ONC 450 1.0 (6) O6 V X (7) 61±6 11.1 (8)

OMC 2/3 450 3.0 (9) ... X (10) 44±9 11.4 (8)

Ori 1b 440 5.0 (11, 12) O9.5 V SP (13) 6±2 12.3 (13)

25 Ori 330 8.0 (11, 12) B1 V SP (13) 7±5 12.0 (13)

λOri 400 5.0 (14) O8 III OP, IR, SP (14) 6±4 12.1 (14)

NGC 7160 900 11.0 (15) B1 II-III SP (15) 4±2 14.5 (16)

Cep OB 3b 725 2.5 (17) O7 V X (17) 33±8 12.4 (17)

Cep B+S155 725 1.5 (17) O7 V X (17) 45±15 12.8 (17)

NGC 2264 800 2.5 (18) O7 V X, Hα, IR, Sp (19) 36±4 13.0 (19)

NGC 2362 1480 5.0 (20) O9 Ib X, IR, SP (21) 6±2 14.9 (21)

Mon R2 830 2.0 (22) ... X (23) 38±8 12.9 (8)

NGC 2244 1400 2.0 (24) O5 V X (25) 22±4 14.0 (8)

NGC 6611 2000 1.0 (26) O5 V X (26) 33±3 14.3 (27)

Cha I 165 2.6 (28) SP, IR (29) 48±15 9.6 (29)

σOri 440 3.0 (30) O9.5 V X, IR, SP, PM (30, 31) 24±4 11.9 (30)

NGC 7129 1000 3.0 (31) ... X (32) 32±10 13.7 (32)

γ vel 350 5.0 (33) WC X, PM (33) 0.5±0.4 11.8 (33)

Tr 37 900 4.0 (15) O6.5 V SP, X (15,34) 39±5 13.5 (16,34)

(1) Bricẽno et al. (2002); (2) Luhman et al. (2010); (3) Lada et al. (2006); (4) Chapter 3; (5) Flaherty & Muzerolle (2008); (6) Hillenbrand
(1997); (7) Getman et al. (2005); (8) this chapter; (9) Peterson (2005); (10) Tsujimoto et al. (2002); (11) Briceño et al. (2005); (12) Bricẽno
et al. (2007); (13) Herńandez et al. (2007a); (14) Barrado y Navascués et al. (2007); (15) Sicilia-Aguilar et al. (2005); (16)Sicilia-Aguilar et al.
(2006a); (17) Getman et al. (2009); (18) Sung et al. (2004); (19) Sung et al. (2009); (20) Moitinho et al. (2001); (21) Currie et al. (2009); (22)
Carpenter et al. (1997); (23) Kohno et al. (2002) (24) Park & Sung (2002); (25) Wang et al. (2008); (26) Guarcello et al. (2007); (27) GLIMPSE
archive data; (28) Luhman (2004a, 2007); (29) Luhman et al. (2008a); (30) Luhman et al. (2008b); (31) Hernández et al. (2007b); (32) Stelzer &
Scholz (2009); (33) Herńandez 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 properties of young stars and their disks in quali-
tatively different environments: the sparse stellar associationǫ Cha, L1630N and L1641 regions
of clustered and distributed star formation in Orion, and the massive cluster Pismis 24. The main
achievements of this study are summarized as follows:

• Disk evolution in different environments: We have investigated the disk evolution in
different environments, which include isolated star-forming regions, sparse stellar associ-
ation, medium-size stellar clusters, and massive clusters. We find that the disks are dis-
sipated faster in cluster environments, especially in massive clusters with early O-type
massive stars.

• Accretion rates as a function of stellar mass:We estimated the accretion rates of a sam-
ple of young stars in L1630N and L1641, from Hα, Hβ, and He Iλ5876 line luminosities.
By analyzing the relationship between accretion rates and stellar masses, we found a de-
pendence ofṀacc∝Mα∗ , with α ∼3.1 in the subsolar mass range. An investigation of a
large literature sample of mass accretion rate yields a similar slope ofα ∼2.8 in the subso-
lar regime, but a shallower slope ofα ∼2.0 if the whole mass range of 0.04M⊙≤M∗≤5 M⊙
is included.

• Accretion activities of transition disks: Studies of the accretion rates of young stars in
L1630N and L1641 suggest that the fraction of stars with transition disks with signifi-
cant accretion activity is relatively low compared to starswhich still have optically thick
disks (26±11% and 57±6%, respectively). However, those transition disks thatdo show
significant accretion have the same median accretion rate asnormal optically thick disks
(3-4×10−9 M⊙ yr−1).
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• Age distribution of various populations: In L1630N and L1641, we find that the ages of
CTTSs and WTTSs with disks are statistically indistinguishable. WTTS without disks are
substantially older than the CTTSs, while the ages of the transition disk systems and the
diskless WTTSs are also impossible to statistically distinguish.

• Dust properties of protoplanetary disks surrounding cool stars: We derived the mass-
averaged sizes of amorphous silicates grains from the Spitzer IRS spectra of members
in ǫ Cha. From the combination of data inǫ Cha and in the literature for M-type pre-
main-sequence stars, we find the mass-averaged sizes of amorphous silicate grains increase
with the increasing accretion rates when the accretion rates &10−9M⊙ yr−1, and become
approximate constant while accretion rates.10−9M⊙ yr−1.

5.2 Future projects

In this section, I will describe the projects on which I am going to work in the future. I have
obtained the data for some of these projects. I describe eachproject as follows:

5.2.1 Accretion behaviors of young stellar objects

The process of mass accretion onto stars is key to understanding the evolution and dissipation
of circumstellar disks, as well as the process of planet formation. Theoretical and observational
investigations of classical T Tauri stars (CTTS) have favored the magnetospheric accretion model
for mass transfer from the circumstellar disk onto the youngstar. In this model, various emission
lines, such as the hydrogen Balmer series, He Iλ5876, Brγ, etc., are formed in the infalling
magnetospheric flow. In addition, optical/ultraviolet excess continuum emission is produced in
the accretion shocks. These emission lines and the excess emission can be used to estimate the
accretion rates of YSOs, with the help of models or empiricalrelations between line luminosity
and accretion luminosity.

(1) Accretion variation of young stellar objects

Previous studies have shown that the accretion rates of CTTSswith the similar masses and ages
commonly scatter by up to 2 orders of magnitude, which can be due to accretion variation or
differential disk properties. We have performed a multi-epoch Hα spectroscopic survey of YSOs
in L1641, including YSOs with “full” or transition disks using Hectochelle/MMT. In total, we
have obtained high-resolution Hα spectra for∼250 targets. Half of them have been observed
at two epochs separated by an interval of one month. Further observations are scheduled for
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November 2010. We will estimate the accretion rates of thesetargets by modeling their Hα line
profiles (Muzerolle et al. 2001) or using the empirical relation between accretion rate and full
width of the Hα line at 10% of the peak intensity (Natta et al. 2004). We wish to extend this
study by observing more targets in L1641, as well as young stars in other star formation regions
(e.g. L1630N, and IC 348) with Hectochelle/MMT. We have already performed a spectroscopic
survey of L1630N before and compiled a large sample of young stars which can be input catalog
for observations with Hectochelle/MMT. The cluster IC 348, with an age of 2-3 Myr, is at a very
important stage of disk evolution and dissipation. By comparing variations in accretion rate in
these clusters, we can investigate how these variations depend on stellar age and disk evolution.

(2) Accretion behavior of YSOs with transition disks and “full” disks

Transitional objects (TOs) have disks that are being dissipated, and may represent the end of
the (giant) planet formation phase. The physical mechanismdriving the dissipation process
is unclear, and the roles of viscous accretion, photo-evaporation and planet formation are being
intensely debated. An important diagnostics is the comparison of the accretion rate of matter onto
the central star for both transition disks and less evolved classical T Tauri systems. Recent studies
of the L1630 and L1641 (see Chapter 3) and Trumpler 37 (Sicilia-Aguilar et al. 2010) star-
forming regions suggest that TOs that are actively accretion do so at roughly the same median
rate as normal CTTSs. This is inconsistent with what Najita etal. (2007) find in Taurus, namely
that the accretion rates of TOs are∼10 times lower than those of normal accreting TTS at the
same disk mass. Furthermore, they find approximately the same median accretion rate of∼2-
4×10−9 M⊙/yr for their TOs as in Chapter 3 and Sicilia-Aguilar et al. (2010), but an accretion
rate approximately 10 times higher for normal CTTSs in Tauruscompared to those in the three
aforementioned clusters. To investigate this apparent discrepancy, we performed a SOFI/NTT
K-band spectroscopic survey of YSOs with transition disks and “full” disks in L1630, L1641,σ
Ori, andλ Ori. The project was awarded 6 nights, and the observations took place in November
2009. The data are currently under reduction. We will derivethe effective temperatures from the
full K-band spectra and estimate the accretion rates from the Brγ emission line. With these data
complemented with those from Hectochelle/MMT, we will constrain the role of the accretion in
the evolution and dissipation of the disk. In addition, according to photoevaporation models, the
disk can be dissipated very efficiently when the accretion rates are lower than the mass-loss rates
due to photoevaporation. Therefore, studies of the accretion rates of young stars can also be used
to evaluate the role of photoevaporation in the disk dissipation. I will extend these studies by
applying for new observations with appropriate instruments.

(3) The scaling law of the accretion rate with stellar mass

In previous publications (Muzerolle et al. 2003, 2005; Natta et al. 2006; Garcia Lopez et al.
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2006; Herczeg & Hillenbrand 2008; Gatti et al. 2008), an empirical relation has been established
between the average accretion rate and the mass of the central star namelyṀacc∝Mα⋆, with α ∼2.
From our study, we have found that the dependency of the accretion rate on stellar mass actually
appears to be steeper (α ∼3) in the sub-solar mass regime than that (α ∼2) in the whole mass
regime (see Chapter 3). Some possible scenarios to explain this are: 1) a lower-mass disk, in
which the entire column is ionized for an active magneto-rotational instability (MRI), and which
thus is subject to fully viscous evolution, and gives a dependence ofα ≈2.5; and 2) a higher-
mass disk, in which thermal ionization by irradiation from the central star is dominant, causing
an MRI-active surface layer of column density, which gives a dependence ofα ≈1 (Hartmann
2006). I wish to test this scenario by measuring the accretion rates of a large sample of young
stars over a range of stellar masses from brown dwarfs to intermediate-mass stars at similar ages,
since the accretion rates show a decrease trend with the increasing stellar ages.

5.2.2 Disk evolution in different environments

Circumstellar disks play a key role in the formation of new stars and planetary systems. Through
disks, a significant fraction of the stellar mass is accreted, while at the same time the excess
angular momentum is transported outward. After the main accretion phase has ended, gas-rich
circumstellar disks can survive at low accretion rates until they are dissipated. The disk dissipa-
tion process has been constrained observationally by investigating the fraction of young stars that
have strong excess emission from disk material at infrared wavelengths, in clusters exhibiting a
range of ages. These studies indicate that the lifetime of inner disks is a few Myr. Knowledge
of the evolution of circumstellar accretion disks is pivotal to our understanding of star and planet
formation; yet, despite intensive theoretical and observational studies, the disk dissipation pro-
cess is not well understood. A range of processes have been proposed to explain disk dissipation,
including viscous evolution, gravitational interactions, and photoevaporation by the central star
or neighboring massive stars. The relative importance of these processes is still intensely de-
bated. In some star formation regions, investigations of WTTS with ages of 1-2 Myr show that
up to 50% of WTTS no longer possess inner disks. On the other hand, classical T Tauri stars, at
similar ages and masses to the WTTS, still have inner disks, indicating that at least some young
stars can dissipate their disks at very early ages. Studies of the relation between disks frequencies
and stellar mass show that it varies from region to region. Insome regions (e.g. NGC 2068/2071,
Cha I, and Taurus), the frequencies of disks increase with increasing stellar mass, in other re-
gions (e.g. Pismis 24, IC 348, Tr 37, and Orion OB1bc), the diskfrequencies show a decrease
trend with increasing stellar mass. The mechanism responsible for the difference is not under-
stood. To address these questions, we need to study a large sample of well-characterized young
stars.
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As the major subject of my PhD study, I investigated the disk properties in several star-forming
regions, includingǫ Cha association, L1630-North, L1641, and the massive cluster Pismis 24,
which span a range of stellar environments from isolated star formation (parts of L1641) to
the massive cluster (Pismis 24). Though I have gained much knowledge from these studies,
many questions in the fields remain unresolved. Therefore, Iwish to study more star-forming
regions. We plan to combine the infrared data from 2MASS, Spitzer, and Herschel with the
optical imaging and spectroscopy from e.g. Hectospec/MMT. We will use the infrared data to
characterize the disk properties, e.g. disk masses, flared or flat geometry, the presence of inner
hole, and optical imaging and spectroscopy to derive the properties of central stars (stellar masses
and ages, accretion rates). Such studies will shed further light on: 1) the main mechanisms
responsible for driving disk evolution and dissipation; 2)how disk evolution and dissipation are
related to the properties of the central star, and local environments.

5.2.3 The nature of very low luminosity objects: are they proto-brown
dwarfs?

An interesting population of very low mass protostars or proto-brown dwarfs, called “very low
luminosity objects” (VeLLOs), has been discovered via observations of star-forming regions
performed within the Spitzer “c2d” legacy program. Some VeLLOs were found in cores that
were previously classified as “starless”, based on IRAS and ISO observations. These VeLLOs
show SEDs typical of protostars. Detailed radiative transfer models of them indicate that their
“internal luminosities” are less than 0.1L⊙, where the internal luminosity is defined as the sum
of the contributions of the central quasi-hydrostatic object and the accretion-induced luminosity.
The inferred internal luminosities of these protostars aremuch lower than expected from star
formation models: for a protostar with a mass of 0.08M⊙ (the stellar/substellar boundary), a
radius of 3R⊙, and a mass accretion rate ofṀacc∼2×10−6 M⊙ yr−1 (as predicted by the standard
Shu model), the accretion luminosity alone contributes∼1.7 L⊙. This is much brighter than the
typical internal luminosities of VeLLOs, and in some extreme cases even 100 times brighter.

A possible explanation of the VeLLO objects is that the mass accretion in the very early phases of
the star formation process is episodic, and that VeLLOs are in a quiescent state, i.e. not actively
accreting (Kenyon & Hartmann 1995; Young & Evans 2005). Several mechanisms have been
proposed to explain such episodic accretion, such as gravitational instability (Vorobyov & Basu
2005, 2006) and quasi-periodic magnetically driven outflowregulation (Tassis & Mouschovias
2005). Another idea that has been proposed to explain the VeLLO phenomenon is that the masses
of the central sources are very low. VeLLOs with the lowest internal luminosity could have
masses of only several tens that of Jupiter. Thus, these VeLLOs may be proto-brown dwarf
candidates forming in isolation, if the mass in their envelopes is below that required to form
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a star. Large surveys at (sub-) millimeter wavelengths havebeen performed towards the star
formation regions in which our VeLLOs are located. From these observations the masses of the
envelopes of these VeLLOs can be estimated

We started a project on characterizing the VeLLOs with ISAAC/VLT, for VeLLOs selected from
Dunham et al. (2008). All the targets reside in nearby star-forming regions that have been
imaged by the Spitzer IRAC and MIPS instruments. The project has been awarded 15 hours. The
observations were done during ESO Period 85. We have alreadyobtained low-resolution H-and
K-band spectra, and medium-resolution Brγ-line spectra, for ten VeLLOs. We plan to determine
the effective temperatures and surface gravity from the H- and K-band spectra, and estimate the
accretion rates from the Brγ emission line. By obtaining these fundamental parameters, we can
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 space telescope, the filamentary density struc-
ture of molecular clouds has been revealed. Studies suggestthat dense cores may originate with
the fragmentation of filaments. Therefore, understanding the formation of filaments is a crucial
step to understanding star formation. There are three leading scenarios of filament formation:
(1) anisotropic gravitational contractions due to magnetic fields: the material collapse along the
strong magnetic fields and form high-density thin layers perpendicular to fields. Projections of
such layers may appear as filamentary structures perpendicular to magnetic fields; (2) anisotropic
turbulence due to magnetic fields: magnetic tension can suppress turbulent energy cascade along
magnetic field directions and cause turbulent eddies to elongate along magnetic field directions.
MHD simulations of molecular clouds show equi-velocity filaments aligned with magnetic fields
when the fields are dynamically important compared to turbulence; (3) turbulent shock: in three-
dimensional simulations of supersonic turbulence, filaments are formed at the intersection of
postshock sheets. Since this kind of filaments are postshockstructures, they are commonly found
in regions with small flow velocity, at the intersections of high-velocity patches. Both filaments
and magnetic fields will be randomly oriented in this scenario.

While the the positions of filaments can be traced from dust emission or extinction maps, the di-
rections of magnetic field lines can be traced by the polarization of dust emission and background
star light. We have proposed a K-band polarimetric survey ofbackground star light towards the
clouds Aquilla, Ophiuchus, Chamaeleon, and Lupus. Extinction maps toward these molecular
clouds all show an intriguing pattern: the filaments with lowextinction are parallel with each
other, and at the same time perpendicular to filaments with high extinction (Li et al., in prepara-
tion). Therefore, some mechanism must play an important role in shaping these filaments. We
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will use the K-band polarization of background star light totrace the directions of magnetic fields
in the region. The orientation correlation between filamentary clouds and magnetic fields can be
used to distinguish the main mechanism responsible for the filament formation.

5.2.5 IMF of embedded young clusters

The initial mass function (IMF) is important in many astrophysical studies, and can be used to
model the properties and evolution of stellar systems. Young embedded clusters are excellent
laboratories for investigations of the IMF, since there is little or no loss of members due to stellar
or dynamical evolution. The most direct way to construct theIMF of a young embedded cluster
is to perform a photometric and spectroscopic survey of all the cluster members. One can derive
the effective temperatures for all the members from the spectra, and put them on the HR diagram
to estimate stellar masses and ages. Though this method is robust, it has the disadvantage that it
requires spectra to be observed for a complete sample of cluster members over the entire range
of stellar masses, and therefore much telescope time. Another way to derive the IMF of a young
cluster is to transfer its luminosity function to a mass function. With the development of sensi-
tive and large-format imaging arrays at near-infrared wavelengths, the near-infrared luminosity
function, which span the entire range of stellar/substellar masses, can be readily constructed for
many embedded stellar clusters. However, unlike the case ofmain-sequence stars, these lumi-
nosity functions can not be directly converted into mass functions, because the mass-luminosity
relation for pre-main sequence stars is a function of time. In addition, the duration of star for-
mation for a young cluster can be comparable to its mean age. Consequently, it is necessary
to model the luminosity function with knowledge of both the star formation history (SFH) and
the time-dependent PMS mass-luminosity relation in order to constrain the mass function for a
young cluster from its luminosity function.

During my master study, I constructed Monte–Carlo codes to constrain the IMF from the lumi-
nosity functions of embedded young clusters, similar to thework by Muench et al. (2000). I
intend to apply this method to a large sample of embedded young clusters, observed by deep
near-infrared imaging surveys (e.g., UKIRT and VISTA). Details of the SFH of a cluster is basic
input for the Monte Carlo simulation. In order to obtain the SFH of a young cluster, we will
propose a spectroscopic survey of a subsample of cluster members, and derive the SFH from the
subsample. Considering the SFH of the subsample as an approximation of the cluster SFH, we
can constrain the IMF of the cluster from the Monte–Carlo simulation.
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Vinković, D., Ivezíc, Ž., Miroshnichenko, A. S., & Elitzur, M. 2003, MNRAS, 346, 1151

Voit, G. M. 1992, MNRAS, 258, 841



217

Wang, J., Townsley, L. K., Feigelson, E. D., et al. 2008, ApJ,675, 464

Wang, J., Townsley, L. K., Feigelson, E. D., et al. 2007, ApJS, 168, 100

Webb, R. A., Zuckerman, B., Platais, I., et al. 1999, ApJ, 512, L63

Weintraub, D. A., Sandell, G., & Duncan, W. D. 1989, ApJ, 340,L69

White, R. J. & Basri, G. 2003, ApJ, 582, 1109

White, R. J. & Hillenbrand, L. A. 2004, ApJ, 616, 998

Wilson, B. A., Dame, T. M., Masheder, M. R. W., & Thaddeus, P. 2005, A&A, 430, 523

Wilson, T. L., Mezger, P. G., Gardner, F. F., & Milne, D. K. 1970, A&A, 6, 364

Winston, E., Megeath, S. T., Wolk, S. J., et al. 2009, ArXiv e-prints

Winston, E., Megeath, S. T., Wolk, S. J., et al. 2007, ApJ, 669, 493

Yamamura, I., Makiuti, S., Ikeda, N., et al. 2010, VizieR Online Data Catalog, 2298, 0

York, D. G., Adelman, J., Anderson, Jr., J. E., et al. 2000, AJ, 120, 1579

Young, E. T., Lada, C. J., Teixeira, P., et al. 2004, ApJS, 154,428

Zinnecker, H. & Yorke, H. W. 2007, ARA&A, 45, 481


