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Introduction

Serpens South is a protostellar cluster in the Aquila Rift, first discovered in
2008 by Gutermuth, et al. with the use of the Spitzer space telescope (Gutermuth
R. et al, 2008). Within Serpens South, there is a dense group of at least 80 young
stars, at least 50 of which are protostars (Kuhn M. et al, 2010). This protostellar
cluster was extinguished by dust at visible wavelengths, which was why it took such
a long time to be discovered in the Infrared. Serpens South is also quite close to the
Earth at a distance of ~415 pc (Kuhn M. et al, 2010). Serpens South has been
observed in the 2 -1.2 mm wavelength bands, and there has also been a
Chandra X-ray observation (Gutermuth R. et al., 2008, Kuhn M. et al., 2010, Park S.
et al., 2012, Sugitani K. et al., 2011, Maury A. et al., 2011, Bontemps S. et al., 2010,
Texeira G. et al., 2012, Kirk, et al., 2013). As such, there are absolutely no
observations in the cm-wavelength, from which there could potentially be a
goldmine of astrophysical information. We wish to use the incredible observing
power of the Expanded Very Large Array (EVLA) to examine the central region of
the Serpens South protostellar cluster in the cm in order to pursue several scientific
questions.

Technical Specifications

Our plan is to do a continuum observation of the central region of the
Serpens South protostellar cluster. The EVLA will be in C configuration with all 27
antenna in use and run during the 2013A semester. Our observation calls for a 1
GHz band centered on 4.5 GHz and a 1 GHz band centered on 7.5 GHz,  giving
two bandwidths, , of 1 GHz. Using Shirley et al. 2007 observations of protostars at
3.6 cm and 6.0 cm, we extrapolated expected protostellar fluxes for a lower limit of
2 solar luminosities to use for our own 4.0 cm and 6.7 cm observations. This means
that for protostars below this luminosity, there can be no guarantee that they will not
be missed as noise, which is an acceptable risk as data for Serpens South
suggests that only about 7% of protostars are dimmer than this. These gave RMS
noises of 5.8 Jy and 5.4235 Jy, which are perfectly acceptable. We will run dual
polarizations and natural weighting for higher sensitivity, and use 8 bit digital
samplers. Taken together, these parameters gave an estimated EVLA total
integration time of 59m58s, for which the 7.5 GHz observation will reach a signal-
to-noise ratio of 8.5 in this observing time. The center of the region to be examined

is RA: 18h 30m 5.00s and Dec: 2° 02′ 30.00″, which is a perfect night-time object.
Using the relationship θPB = 45/νGHz, we have a primary beam of 6 arcmin at the
upper end, that is, pertaining to a frequency of 7.5 GHz, and 10 arcmin at the lower
end, pertaining to a frequency of 4.5 GHz.  The C-band has a synthesized
beamwidth of θHPBW=3.5 arcsec. This is most assuredly small enough to fully
resolve the protostars in the data, which can be seen in Figure 1. The sources are
expected to be point-like and the observations will not be affected by the largest
angular scale of 4 arcmin. This region in particular contains at least 50 young stellar
objects (YSOs), at least 3 of which are Class 0, 27 of which are Class I, and 20 of
which are Class II. From our earlier proportion and sensitivity limits, we can
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anticipate missing possibly 4 protostars from the data which we observe. Also,
since the observations will be taken at such a low frequency, it can be run in bad
weather and calibration of the equipment will be much easier.

Scientific Justification

Centimeter continuum emission, thought to originate from bremsstrahlung
(free-free) emission from ionized gas, has been detected toward many high and low
mass protostars.  A well-defined correlation between the bolometric luminosity of
protostellar sources and their corresponding 3.6 cm (Anglada 1995, see Figure 2(a)
below) and 6.0 cm (Shirley et al. 2007, see Figure 2(b) below) emission has been
observed in previous surveys.  By measuring the 4 cm and 6.7 cm flux from sources
in the Serpens South protocluster, we’ll be able to see if a similar correlation holds
true for this region.  Anglada (1995) also documented a correlation between outflow
force and centimetric luminosity for protostellar sources (see Figure 2(c) below).
 Cross-referencing our centimetric luminosity observations with published outflow
force measurements for the Serpens South protostellar sources will also allow us to
document the correlation within the cluster.  With these several correlations
established for the Serpens South region, we’ll better understand the evolutionary
states of the protostars within the cluster and have more insight into the formation
process of young stellar objects as a whole.

Additionally, due to the fact that this observation will be performed at
significantly longer wavelengths than have ever been done within the Serpens
South region, there is the possibility that it will detect previously undiscovered
protostars which have been missed at higher frequencies. We will also be able to
obtain the spectral index with which to pull the extragalactic emission out of the
data.

Conclusion
        

        If stars are the building-blocks of life, then young protostellar objects are the
bedrock upon which these blocks are stacked. Since star formation occurs on the
scale of Myrs, the number of such observable objects which exist for scientific
purposes is slim. Since Serpens South was so recently discovered, it stands as one
of the closest and most under-investigated protostellar clusters. Exploring such a
close and bountiful group of easily observable protostars is a vital opportunity that
must be pursued.
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Figure 1. This is an image of Serpens South with protostars identified. The large
black circle shows the primary beam, 6 arcmin, and the small green dot shows the
synthesized beamwidth, 3.5 arcsec. One can see that individual protostars should
be easily resolved from one another, and that the region of interest includes almost
all of the protostars.

Figure 2
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Figure 2. (a) 3.6 cm and (b) 6.0 cm luminosity vs. bolometric luminosity for
protostars.  (d) Outflow force plotted vs. centimeter continuum luminosity.

Serpens South Proposal file:///Users/jmangum/Desktop/Serpens South Proposal.html

5 of 5 7/12/13 8:11 AM


