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Low-massstars(0:1 - M . 1 M ) in OB associations are key to addressing some of the
most fundamental problems in star formation. The low-mass stellar populations of OB associa-
tions provide a snapshot of the fossil star-formation record of giant molecular cloud complexes.
Large scale surveys have identi ed hundreds of members of ne arby OB associations, and
revealed that low-mass stars exist wherever high-mass stars have recently formed. The spatial
distribution of low-mass members of OB associations demonstrate the existence of signi cant
substructure ( subgroups). This discretized sequence of stellar groups is consistent with an
origin in short-lived parent molecular clouds within a Giant Molecular Cloud Complex. The
low-mass population in each subgroup within an OB association exhibits little evidence for
signi cant age spreads on time scales of 10 Myr or greater, in agreement with a scenario
of rapid star formation and cloud dissipation. The Initial Mass Function (IMF) of the stellar
populations in OB associations in the massrange 0:1 - M . 1 M s largely consistent
with the eld IMF, and most low-mass pre-main sequence stars in the solar vicinity are in
OB associations. These ndings agree with early suggestion s that the majority of stars in the
Galaxy were born in OB associations. The most recent work further suggests that a signi cant
fraction of the stellar population may have their origin in the more spread out regions of OB
associations, instead of all being born in dense clusters. Ground-based and space-based (Spitzer
Space Telescope) infrared studies have provided robust evidence that primordial accretion disks
around low-mass stars dissipate on timescales of afew Myr. However, on close inspection there
appears to be great variance in the disk dissipation timescales for stars of a given massin OB
associations. While some stars appear to lack disksat 1 Myr, afew appear to retain accretion
disksuptoagesof 10-20 Myr.

Most star formation in normal galaxies occurs in the
cores of the largest dark clouds in spiral arms, known as
Giant Molecular Clouds (GMCs). A GMC may giveriseto
one or more star complexes known as OB associations, rst
de ned and recognized by Ambartsumian (1947) as young

expanding stellar systems of blue luminous stars. These
generally include groups of T Tauri stars or T associations
(Kholopov, 1959; Herbig, 1962; Strom et al., 1975) as well
as clusters, some containing massive (M & 10 M ) stars,
but all teeming with solar-like and lower mass stars.
Though we now recognize OB associations as the prime
sites for star formation in our Galaxy, much of our knowl-



edge of star formation is based on studies of low-mass (M
- 1 M ) pre-main sequence (PMS) stars located in nearby
T associations, likethe 1 2 Myr old Taurus, Lupusand
Chamaeleon star forming regions. The view of star forma-
tion conveyed by these observations is probably biased to
the particular physical conditionsfound in theseyoung, qui-
escent regions. In contrast, the various OB associations in
the solar vicinity are in avariety of evolutionary stages and
environments, some containing very young objects (ages
- 1 Myr) «till embedded in their natal gas (e.g., Orion A
and B clouds, Cep OB2), othersin the process of dispersing
their parent clouds, like Ori and Carina, while others har-
bor more evolved populations, several Myr old, which have
long since dissipated their progenitor clouds (like Scorpius-
Centaurus and Orion OB 14). The low-mass populationsin
these differing regions are key to investigating fundamen-
tal issues in the formation and early evolution of stars and
planetary systems:
1) Sow vs. rapid protostellar cloud collapse and molecu-
lar cloud lifetimes. In the old model of star formation (see
Shu et al., 1987) protostellar clouds contract slowly until
ambipolar diffusion removes enough magnetic ux for dy-
namical (inside-out) collapse to set in. It was expected that
the diffusion timescale of 10 Myr should produce a sim-
ilar age spread in the resulting populations of stars, consis-
tent with the - 40 Myr early estimates of molecular cloud
lifetimes (see discussion in Elmegreen, 1990). Such age
spreads should be readily apparent in color-magnitude or H-
R diagramsfor masses - 1 M . However, the lack of even
10 Myr old, low-mass starsin and near molecular clouds
challenged this paradigm, suggesting that star formation
proceeds much more rapidly than previously thought, even
over regionsaslargeas 10 pcin size (Ballesteros-Paredes et
al., 1999), and therefore that cloud lifetimes over the same
scales could be much shorter than 40 Myr (Hartmann et al.,
1991).
2) The shape of the IMF. Whether OB associations have low
mass popul ations according to the eld IMF, or if their IMF
istruncated is still a debated issue. There have been many
claims for IMF cutoffs in high mass star forming regions
(see e.g., Sawson and Landstreet, 1992; Leitherer, 1998;
Smith et al., 2001; Solte et al., 2005). However, several
well investigated massive star forming regions show no evi-
dencefor an IMF cutoff (see Brandl et al., 1999 and Brand-
ner et al., 2001 for the cases of NGC 3603 and 30 Dor,
respectively), and notorious dif culties in IMF determina -
tions of distant regions may easily lead to wrong conclu-
sions about IMF variations (e.g., Zinnecker et al., 1993;
Selman and Melnick, 2005). An empirical proof of a eld-
like IMF, rather than a truncated IMF, has important con-
sequences not only for star formation models but also for
scenarios of distant starburst regions; e.g., since most of the
stellar massisthen in low-mass stars, this limits the amount
of material which is enriched in metals via nucleosynthe-
sis in massive stars and which is then injected back into
the interstellar medium by the winds and supernovae of the
massive stars.

3) Bound vs. unbound clusters. While many young stars
are born in groups and clusters, most disperse rapidly; few
clusters remain bound over timescales > 10 Myr. The
conditions under which bound clusters are produced are
not clear. Studies of older, widely-spread low-mass stars
around young clusters might show atime sequence of clus-
ter formation, and observations of older, spreading groups
would yield insight into how and why clusters disperse.

4) Sow vs. rapid disk evolution. Early studies of near-
infrared dust emission from low-mass young stars sug-
gested that most stars lose their optically thick disks over
periodsof 10 Myr, (e.g., Srom et al., 1993), similar to
the timescale suggested for planet formation (Podosek and
Cassen, 1994). However, there is also evidence for faster
evolution in some cases; for example, half of al 1 Myr-
old stars in Taurus have strongly reduced or absent disk
emission (Beckwith et al., 1990). The most recent obser-
vations of IR emission from low-mass PMS starsin nearby
OB associations like Orion, suggest that the timescales for
the dissipation of the inner disks can vary even in coeval
populations at young ages (Muzerolle et al., 2005).

5) Triggered vs. independent star formation. Although
it is likely that star formation in one region can trigger
more star formation later in neighboring areas, and thereis
evidence for this from studies of the massive stars in OB
populations (e.g., Brown, 1996), proof of causality and pre-
cise time sequences are dif cult to obtain without studying
the associated lower mass populations. In the past, stud-
ies of the massive O and B stars have been used to investi-
gate sequential star formation and triggering on large scales
(e.g., Blaauw, 1964, 1991 and references therein). How-
ever, OB stars are formed essentially on the main sequence
(e.g., Pallaand Sahler 1992, 1993) and evolve off themain
seguence on atimescale of order 10 Myr (depending upon
mass and amount of convective overshoot), thus they are
not useful tracers of star-forming histories on timescales of
several Myr, while young low-mass stars are. Moreover,
we cannot investigate cluster structure and dispersal or disk
evolution without studying low-mass stars. Many young
individual clusters have been studied at both optical and in-
frared wavelengths (c.f. Lada and Lada 2003), but these
only represent the highest-density regions, and do not ad-
dress older and/or more widely dispersed populations. In
contrast to their high mass counterparts, low-mass stars of -
fer distinct advantages to address the aforementioned is-
sues. They are simply vastly more numerous than O, B,
and A stars, alowing statistical studies not possible with
the few massive starsin each region. Their spatial distribu-
tionisafossil imprint of recently completed star formation,
providing much needed constraints for models of molecular
cloud and cluster formation and dissipation; with velocity
dispersonsof 1kms ! (e.g. de Bruijne, 1999) the stars
simply have not traveled far from their birth sites( 10 pc
in 10 Myr). Low-mass stars also provide better kinematics,
because it is easier to obtain accurate radial velocities from
the many metallic linesin G, K and M type stars than it is
from O and B type stars.



2. SEARCHESFORLOW-MASSPMSSTARSIN OB
ASSOCIATIONS

Except for the youngest, mostly embedded populations
in the molecular clouds, or dense, optically visible clus-
terslike the Orion Nebula Cluster (ONC), most of the low-
mass stellar population in nearby OB associationsis widely
spread over tens or even hundreds of square degrees on the
sky. Moreover, itislikely that after 4 Myr thestarsareno
longer associated with their parent molecular clouds, mak-
ing it dif cult to sort them out from the eld population.
Therefore, a particular combination of various instruments
and techniques is required to reliably single out the low-
mass PM S stars. The main strategies that have been used to
identify these populations are objective prism surveys, X-
ray emission, proper motionsand, more recently, variability
surveys.

2.1 Objective Prism Surveys

The TTS originally were identi ed as stars of |ate spec-
tral types (G-M), with strong emission lines (especialy
H ) and erratic light variations, spatially associated with
regions of dark nebulosity (Joy, 1945). Stars resembling
the original variables rst identi ed as TTS are currently
called strong emission or Classica TTS (CTTS). Subse-
quent spectroscopic studies of the Call H and K lines and
the rst X-ray observations with the Einstein X-ray obser-
vatory (Feigelson and De Campli, 1981; Walter and Kuhi,
1981) revealed surprisingly strong X-ray activity in TTS,
exceeding the solar levels by several orders of magnitude,
and also revealed a population of X-ray strong objects|ack-
ing the optical signpostsof CTTS, likestrongH emission.
These stars, initially called naked-T Tauri stars ( Walter
and Myers, 1986), are now widely known as weak-line
TTS after Herbig and Bell (1988). The CTTS/WTTS di-
viding line was set at W(H ) = 10A. In generd, the ex-
cessH emissionin WTTS seemsto originate in enhanced
solar-type magnetic activity (\Walter et al., 1988), while the
extreme levels observed in CTTS can be explained by a
combination of enhanced chromospheric activity and emis-
sion coming from accretion shocks in which material from
a circumstellar disk is funneled along magnetic eld lines
onto the stellar photosphere (Section 5). Recently, White
and Basri (2003) revisited the WTTS/CTTS class cation
and suggested a modi ed criterion that takes into account
the contrast effectin H emission as a function of spectral
typein stars cooler than late K.

The strong H emission characteristic of low-mass
young stars, and in particular of CTTS, encouraged early
large scale searches using photographic plates and objective
prisms on wide eld instruments like Schmidt telescopes
(e.g., Sanduleak, 1971, in Orion). Thesevery low resolution
spectroscopic surveys (typical dispersions of ~ 500A/mm
to 1700 A/mmatH ;c.f. Wiking et al., 1987; Briceno et

al., 1993) provided large area coverage, allowed estimates
of spectral typesand aqualitative assessment of the strength
of prominent emission lines, like the hydrogen Balmer lines
ortheCall H & K lines. Liu et al. (1981) exploreda5 5
deg region in Per OB2 and detected 25 candidate TTS.
Ogura (1984) used the 1m Kiso Schmidt to nd 135 H
emitting starsin Mon OB1. WiIking et al. (1987) detected
86 emission line objects over 40 sguare degrees in the
Ophiuchi complex. Mikami and Ogura (2001) searched
an area of 36 square degrees in Cep OB3 and identi ed
68 new emission line sources. In the Orion OB1 associ-
ation, the most systematic search was that done with the
1m Kiso Schmidt (e.g., Wiramihardja et al., 1989, 1993),
covering roughly 150 square degrees and detecting 1200
emission line stars, many of which were argued to be likely
TTS. Weaver and Babcock (2004) recently identi ed 63 H
emitting objects in a deep objective prism survey of the
Orionisregion.

The main limitation of this technique is the strong bias
towards H -strong PMS stars; few WTTS can be detected
at the resolution of objective prisms (c.f. Briceno et al.,
1999). Briceno et al. (2001) nd that only 38% of the 151
Kiso H sources falling within their 34 sguare degree
survey areain the Orion OB laand 1b sub-associations are
located above the ZAMS in color-magnitude diagrams, and
arguethat the Kiso survey is strongly contaminated by fore-
ground main sequence stars (largely dMe stars). The spatial
distribution of the Kiso sources has been useful to outline
the youngest regions in Orion, where the highest concen-
trations of CTTS are located (Gemez and Lada, 1998), but
these samples can be dominated by eld starsin regionsfar
from the molecular clouds, in which the CTTSWTTS frac-
tion is small. Therefore, as with other survey techniques,
objective prism studies reguire follow up spectroscopy to
con rm membership.

2.2 X-ray surveys

Young starsin all evolutionary stages, from class| proto-
starsto ZAMS stars, show strong X-ray activity (for recent
reviews on the X-ray properties of Y SOs see Feigelson and
Montmerle, 1999 and Favata and Micela, 2003). After the
initial Einstein studies, the ROSAT and ASCA X-ray ob-
servatories increased considerably the number of observed
star forming regions, and thereby the number of known X-
ray emitting TTS. Today, XMM-Newton and Chandra al-
low X-ray studies of star forming regions at unprecedented
sensitivity and spatial resolution.

X-ray observations are a well established tool to nd
young stars. For nearby OB associations, which typically
cover areasin the sky much larger than the eld-of-view of
X-ray observatories, deep and spatially complete observa-
tions are usually not feasible. However, large scale shal-
low surveys have been conducted with great success. The
ROSAT All Sky Survey (RASS) provided coverage of the
whole sky in the 0:1  2:4 keV soft X-ray band. With a
mean limiting ux of about 2 10 Sergs *cm? thissur-



vey provided a spatially complete, ux-limited sample of
X-ray sources that led to the detection of hundreds of can-
didate PMS stars in star forming regions all over the sky
(see Neuhauser, 1997).

The X-ray luminosities of young stars for a given age,
mass, and bolometric luminosity can differ by several or-
ders of magnitude. Until recently it was not even clear
whether all young stars are highly X-ray active, or whether
an X-ray quiet population of stars with suppressed mag-
netic activity may exist, which would have introduced a se-
rious bias in any X-ray selected sample. The Chandra
Orion Ultradeep Project (Getman et al., 2005), a 10 day
long observation of the Orion Nebular Cluster, has pro-
vided the most comprehensive dataset ever acquired on the
X-ray emission of PMS, and solved this question by pro-
viding de nitive information on the distribution of X-ray
luminositiesin young stars. It found no indicationsfor X-
ray quiet TTS, and established that 50% of the TTS have
log (Lx=Lpor) 3:5, while 90% have log (Lx=Lpol)

4:5 (Preibisch et al., 2005; also see chapter by Feigelson
et al.). Since the RASS ux limit correspondsto X-ray lu-
minosities of about5 10%° erg s ! at the distance of the
nearest OB associations (140 pc), this implies that the
RASS data are essentially complete only for M 1M
PMS stars in those regions, while only a fraction of the
X-ray brightest sub-solar mass PMS stars are detected. A
caveat of the RASS surveysfor PMS starsisthat these sam-
plescan besigni cantly contaminated by foreground, X-ray
active zero age main sequence stars (Briceno et al., 1997).
These limitations have to be kept in mind when working
whith X-ray selected samples; at any rate, follow-up obser-
vations are necessary to determine the nature of the objects.

2.3 Proper Motion surveys.

Therecent availability of ever-deeper, al-sky catal ogs of
proper motions (like Hipparcosand the Tycho family of cat-
alogs) hasaided the effort in identifying the low-mass mem-
bers of the nearest OB associations. The proper motions of
members of afew of the nearest OB associations are of the
order of tens of masyr ! (de Zeeuw et al., 1999). With
proper motions whose errors are less than a few masyr 1,
one can attempt to kinematically select low-mass mem-
bers of nearby associations. The nearest OB association,
Sco-Cen, has been the most fruitful hunting ground for
identifying low-mass members by virtue of their proper
motions. Current proper motion catalogs (e.g., Tycho-2,
UCAC) are probably adequate to consider kinematic selec-
tion of low-mass starsin at least a few other nearby groups
(eg., Vel OB2, Tr 10, Per, Cas-Tau, Cep OB6). The very
small (<10masyr 1) proper motionsfor some of the other
nearby OB associations (e.g., Ori OB1, Lac OB1, Col 121)
will precludeany attemptsat ef cient selection of low-mas s
membersvia proper motions, at least with contemporary as-
trometric catalogs.

The Hipparcos survey of the nearest OB associations
by de Zeeuw et al. (1999) was able to identify dozens of

FGK-type stars as candidate members. De Zeeuw et al.
(1999) predicted that  37/52 (71%) of their GK-type Hip-
parcos candidates would be bona de association members,

and indeed Mamajek et al. (2002) found that 22/30 (73%)
of a subsample of candidates, located in Sco-Cen, could
be spectroscopically con rmed as PMS stars.  Hoogerwerf
(2000) used the ACT and TRC proper motion catal ogs (p.m.
errors  3masyr 1) to identify thousands of candidate
Sco-Cen membersdowntoV  12. Unfortunately, the vast
majority of stars in the ACT and TRC catalogs, and their
descendant (Tycho-2), do not have known spectral types or
parallaxes (in contrast to the Hipparcos catalog), and hence
the contamination level is large. Mamajek et al. (2002)
conducted a spectroscopic survey of an X-ray and color-
magnitude-selected subsample of the Hoogerwerf proper
motion-selected sample and found that 93% of the candi-
dates were bona de PM S association members. The high

quality proper motions also enabled the estimate of indi-
vidual parallaxesto the Upper Centaurus Lupus (UCL) and
Lower Centarus Crux (LCC) members, reducing the scat-
ter in the HR diagram (Mamajek et al., 2002). In a survey
of 115 candidate Upper Sco members selected solely via
STARNET proper motions (p.m. errors of 5Smasyr 1),
Preibisch et al. (1998) found that nonewere PM S stars. The
lesson learned appears to be that proper motions alone are
insuf cient for ef ciently identifying low-mass memberso f
nearby OB associations. However, when proper motions
are used in conjunction with color-magnitude, X-ray, spec-
tral type, or parallax data (or some combination thereof),
nding low-mass associations can be a very ef cient task.

2.4 Photometric surveys: Single-epoch observations

Single epoch photometric surveys are frequently used to
select candidate low-mass members of young clustersor as-
sociations. Most studies use broadband, optical lters tha t
are sensitive to the temperatures of G, K and M-type stars.
Near-1R color-magnitude diagrams (CMDs) are not as use-
ful for selecting low-mass PMS stars because NIR colors
aresimilar for al late type stars.

Candidate low-mass association membersare usually se-
lected by their locationin the CMD abovethe zero-agemain
sequence (ZAMS). This locus is usually de ned by either
a known (spectroscopically con rmed) population of PMS
stars or because the PMS population of the association is
clearly visible as a concentration on the CMD (e.g., Fig. 1).
Single epoch photometry is most effective in regions such
as Ori or the ONC where the proximity and youth of the
cluster make the low-mass PM S members brighter than the
bulk of the eld stars at the colors of K and M-type stars.

The main advantage of photometric selection is that for
a speci ed amount of time on any given telescope a re-
gion of the sky can be surveyed to a fainter limit than can
be done by a variability survey or a spectroscopic survey.
Also, photometric selection can identify low-mass associ-
ation members with very low amplitude variability. The
disadvantage of single epoch photometric selection is that






