Star Formation in the Seemingly Quiet GMC N159-S

1. Introduction
Despite significant progresses in understanding the physiolved with the formation of single

stars, we still only have crude ideas about why a giant médecloud (GMC) forms clusters, distributed

associations, or no stars at all. Clearly, the key propeaieGMCs displaying various intensities of star
formation must be explored observationally in more detéilhen combined with knowledge of stellar
content and energy feedback, itis possible to assess #twedmportance of self-propagating, triggered,
and spontaneous star formation, and going even furthémaitst the star formation efficiency of a GMC.

Studying young stellar objects (YSOs) in GMCs is one of thestmatirect ways to connect the causal
relation between the initial conditions (gas) and the emdipcts (stars).

With the unprecedented sensitivity provided by the midgtiRzer Space Telescope, itis now possible
to study YSOs in different interstellar, and even galacticimnments, such as in the Magellanic Clouds.
Studies show that YSOs are frequently found in moleculangisiat the edges ofiHregions (e.g., M17;
Povich et al. 2009), in the rims of superbubbles (e.g., N 4#erCet al. 2009a), or in the peripheries of
supergiant shells (e.g., Book et al. 2009). In the Large Magie Cloud (LMC), ours and other studies
find a distinct preferential association of currently fongimassive stars with ionized gas where (now
main-sequence) massive stars formed in the last few Myrr{@hal. 2009a,b). As demonstrated by the
distribution of YSOs in N 159 (Figure 1), this trend is everoager for YSOs at the highest mass end
comparable to O-type stars, and as a matter of fact none warglfin the GMC N 159-S (Johannsson
et al. 1998), south of the brightiHregion N 159. The differences between dense molecular gidmin
relatively quiescent N 159-S and its very active neighbobB-W offer a very powerful laboratory in
which to understand the star-forming potential of extragat GMCs in general.

Unlike its neighboring GMC to the north that harbors numerouassive YSOs, N 159-S shows a
puzzling deficiency of such objects in the mid-IR, despite fiéict that it is more massive. Is N 159-S
a very young cloud which is just being formed and has not hauligim time to form massive stars, or
are there processes at work preventing massive star famattossibly rendering N 159-S a super-sized
Taurus molecular cloud?he presence or absence of dense massive cores as precursors of massive star
formation would help to distinguish between these scenarios. Thus we propose to study the dense gas
distribution of N 159-Swith ATCAHCO™ and HCN observations.

2. The GMC N 159-S: a Taurus Molecular Cloud or on its Way to Form Massive Y SOs?
Although of comparable size and twice the cloud mass of itsheean neighbor GMC N 159-W

(Johansson et al. 1998), N 159-S shows a much lower leveaof@mation activity. While N 159-W is
associated with the brightiHregion N 159, two young clusters NGC 2078 and NGC 2084, twatdiz
groups of candidate Herbig Ae/Be (HAeBe) stars and 14 masss&Os with 7 of them being O-type,
N 159-S is associated with only a few small faint lfegions, a small group of candidate HAeBe stars,
and 4 B-type YSOs (Nakajima et al. 2005; Chen et al. 2009bBMd is also “dark” in the mid-IR —
Soitzer MIPS 24, 70, and 16@m images only show faint, patchy diffuse emission, indizgtihateven

if there are massive YSOs, they have to be at such a very eatlytienary stage that they emit mostly
at sub-mm or mm wavelengths, like those found in the Galactiared dark clouds.

The N 159-S and N 159-W GMCs do not exhibit obvious differericeheir bulk gas properties. The
45’-resolution ESO SEST data (Johansson et al. 1998) showhttse two have comparable integrated
intensities at>?CO(1-0) as well a$>CO(1-0). Unlike the CO properties, observations of HG@ dense
tracer which requires densities 6fL0° cm~3 for excitation, show that N159-S is 1/5 as bright as
N 159-W (Johansson et al. 1998). Unfortunately with a retsmiuof 45’, corresponding to 11 pc at the
distance of the LMC, it is not clear what causes the lower H®@ghtness in N 159-S. As demonstrated
in Figure 2 a HCO mosaic of N 159-W and N 159-E made witf-Eesolution ATCA observations, the
distribution of dense gas is highly clumpy, far from smoofhhus, high-resolution observations are
needed to distinguish whether the clumps in N 159-S arereiibieas massive as those in N 159-W and
thus appear fainter in HCQ or whether there are fewer massive clumps and thus suffeg greatly in
beam dilution.The ATCA is the only telescope that is presently capable of this study.
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Figure 1:Distribution of YSOs on K image N 159. YSOs of dif- at mid-IR but at sub-mm and mms wave-
ferent masses are marked as follows: large, medium, and simal lengths. Such clumps, if found, can serve
cles represent O, early B, and mid to late B, respectivelymnses as finding charts for future Herschel ob-
represent no estimate. Solid-line contours are from the BEST servations to search for the protostars, as
CO mosaic and three GMCs are labeled (Johansson et al. 1988l as ALMA observations to examine
The ACTA mosaic of N159 (Ott et al. 2008) and the proposed mitie detailed kinematics of the clumps to
saic of N159-S are in white and black dashed lines, respagtivassess whether there are signs of collapse.
Inner and outer dashed lines indicate the 50% sensitivityao of 3 py oposed Program
the mosaic and the outer bound of the observations. We propose simultaneous HG@nd

HCN observations of N 159-S. The mapping area, composed pbitfiings, is chosen to cover the core
of CO map (the SEST 45HCO™ also peaks there). In particular we concentrate on covéhiegegions
that show 870m emission, observed with LABOCA on APEX at’18esolution (Galametz, Hony, &
Madden in preparation). Those submm-emitting regions speated to have the greatest likelihood of
containing dense clumps of molecular gas. We also coveomsgivhere HAeBe stars and YSOs have
been found (see Fig. 1), so are confident that our map will lpeesentative probe of star-forming gas
in the GMC. Specifically, the proposed observations will Beduto address the following three main
issues:

e What are the morphologies and masses of the dense gas in N 159-S? Previous studies have
shown that molecular clumps have similar mass functionshasstellar mass functions and that the
clumps with higher masses are likely to form massive stats dnsters (Reid & Wilson 2005). We
will identify the clumps, examine their spatial distriborti, and estimate their masses. We will further
compare the results to that of clumps in N 159-W, to examine Hiferent the mass distribution is
between these two GMCs such that they exhibit obviousledfit levels of star formation activity.

e SN 159-S a site that can or will form massive Y SOs? As shown in Figure 2, massive YSOs at
early evolutionary stages are all associated with denselgagps. Detection of massive clumps would
suggest that N 159-S may form massive YSOs in the future oclimaps may host massive YSOs at
earliest stages. On the other hand, non-detection of neaskimps would indicate that N 159-S is less
likely to form massive YSOs. Comparisons of morphologied physical conditions such as velocity
dispersions of these dense clumps to those associated ®i@s¥h N 159-W can shed light on the birth



conditions of massive stars. The HCN/HC@atio can also used to examine how deep the UV radiation
penetrates into the clumps, affecting chemistry and su@gainst gravitational collapse via heating and
increased ionization and magnetic coupling.
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formation in linewidth and potential differ- 2009).
ent sub-clouds is critical to understanding dynamics aadfstming potential.

This program will help better understand star formationpemies of a GMC and the physical con-
ditions necessary for massive star formation, as well axkdar sites of massive YSOs at their earliest
stages for future detailed molecular studies with ALMA. Treeult will also provide insights on other
GMCs with low star formation activities, such as the molecuidge which is the largest gas concentra-
tion in the LMC (Indebetouw et al. 2008).

4. Time Request

To estimate the HCO observation time, we use previous 9-pointing and 50-pegnthosaics of
N 113 (project code CX145) and N 159 (C1544), respectivety. NF113, a sensitivity of 40 mJy b
in a 0.5 km s! channel was achieved with a 5-hour integration time durid@-4our observation, and
similarly for N159. The ATCA Sensitivity Calculator estites that with the newly-installed Compact
Array Broadband Backend (CABB), the same sensitivity amethiin N 113 and N 159 would require a
0.5-hour integration time for each pointing. We plan to akeeHCN and HCO in a single frequency
band with a bandwidth of 2 GHz split into 2048 channels. Thié give us channels of width- 3.5
km sec!. Allowing similar time for calibration as the previous obsations,but doubling theintegra-
tion timeto allow for potential detection of less massive clumps, the proposed 15-pointing mosaic for
the GMC N159-S requires a total of 30 hours of observatioretim
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