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1 Scientific Case

NOTE: We will need to schedule these observations to coincide with the CV REU trip to GB (TBD).
As in years-past, we would like to allow the CV and GB REU students to partake in a series of observing projects
with the GBT. The projects we have chosen for 2011 are:

• Extragalactic HI measurements of Virgo Cluster Galaxies

• Galactic star formation regions in H2CO

• Radio recombination line emission in NGC 7027 and DR 21

• OH emission in a comet

2 Extragalactic HI in Virgo Cluster Galaxies

In this experiment the students will measure Neutral Hydrogen (HI) profiles for a variety of galaxies in the nearby
universe. Neutral Hydrogen is the “bread and butter” of radio astronomy. Using HI measurements, one can: (1)
measure the total hydrogen mass of the galaxy, (2) measure the redshift and distance to the galaxy, (3) get a measure
of the rotation speed of the galaxy, (4) determine whether the gas in the galaxy is symmetrically distributed, and
(5) more! A set of galaxies in the Virgo Cluster has been chosen for this investigation.

3 Galactic Star Formation Traced by H2CO

Formaldehyde (H2CO) is a ubiquitous molecule in space as on Earth. Its structure provides a moderate dipole
moment which in turn makes it a useful probe of moderately to highly dense regions. It also possesses lines at
fairly low frequency, accessible with the GBT. Lines at 6 cm and 2 cm wavelength may be compared and used to
estimate density, for example. However, owing again to the structure of the molecule and the specifics of interstellar
conditions, the line is normally detected in absorption against the cosmic background radiation. There are fewer
than half a dozen places in the Universe where the line has been detected in emission.

The L1689S protostellar core has formed at least one star, and provides for us an opportunity to glimpse the
next stage in the star formation process. If a disk is present, or a star of a solar mass or so, the gravitational
velocity perturbations within 10′′ of the object should be as large as 1 km/s, easily detectable. If rotation is present,
a dynamical mass estimate, which includes the central object, can be derived. The gas mass, from the line intensity,
may be used to measure the gas in the rotating structure. In the mid-1980s, Mangum and Wootten used the 140ft
telescope to discover 2cm H2CO emission near a dense portion of the Ophiuchus star-forming region. However,
the large beam and low antenna efficiency of that telescope, coupled with the weakness of the emission conspired
to prevent those estimable authors from figuring out exactly what the relation of the emission region was to any
dense material and star formation in the vicinity. The REU students will continue a project executed by past REU
students and, using the better sensitivity and smaller beam of the GBT, discover the true location and extent of
this rare region of 2 cm Formaldehyde emission and how it relates to star formation in the region.
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4 Radio Recombination Line Emission in NGC 7027 and DR 21

With this experiment the REU students will measure the radio recombination line emission toward NGC 7027 and
DR 21. Radio recombination lines from hydrogen, helium and carbon are routinely observed. It should also be
possible to see radio recombination lines from other elements such as sulfer, oxygen and nitrogen. These however
have not been unambigously observed in an HII region before. With the sensitivity of the GBT and the high spectral
resolution of the spectrometer, it may be possible to observe and resolve the radio recombination lines from these
elements.

Comparing the line-widths of the observed radio recombination lines as the mass of the atoms change will allow
the thermal and non-thermal (turbulent) components to be determined with high precision. It may also be possible
to determine if pressure broadening of the lines is present. The thermal contribution of the line-width can then
be converted into a temperature that can be compared to values determined from optical and radio continuum
observations.

5 OH Emission in a Comet

With this experiment the REU students will measure the OH emission in a comet. During the past several years
the CV and GB summer students have measured OH in the following comets:

• 2008: C/2007 W1 (Boattini) and 19P (Borrelly)

• 2009: 2009 C/2007 Q3 Siding Spring and 88P/Howell

• 2010: C/2009 R1 (McNaught)

With guidance from Amy Lovell (who has kindly provided assistance to us for our comet observations for the
past several years), comet C/2009 P1 (Garradd) appears to be a good target.

Based on its predicted OH line strengths during the summer 2011 period, we would prefer to have these obser-
vations scheduled in the general time frame from June 26 through July 22 (excluding the week of the Single Dish
Summer School).

Comets contain significant amounts of water ice. The sun heats this water ice, which escapes from the comet as
water vapor - forming the coma and tail of the comet with which we are so familiar. The radiation from the Sun
then disassociates the water (H2O) into a hydrogen (H) atom and a hydroxl molecule (OH). Radio emission from
water vapor in a comet’s nucleus is difficult to measure. However, the radio emission from the hydroxyl molecule
is easier to detect. By observing the amount of OH present, the rate at which the comet is loosing water can be
determined.
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