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Research Experiences for Undergraduates in Astronomy in Flagstaff, Arizona

This award represents continued funding for the REU site at Northern Arizona University, established in 1992. We support eight undergraduate students each summer, recruited nationally. The students come to NAU for the ten-week summer school session and are placed with mentors at all the scientific institutions in Flagstaff; these institutions are NAU,  Lowell Observatory, the U.S. Naval Observatory, and  the U.S. Geological Survey (astrogeology).  Since the only graduate program in physics and astronomy in Flagstaff is the fledgling master’s program, these undergraduate researchers are placed squarely in the middle of their research projects, and typically do the work one might expect from a graduate student.

In addition to their research projects, the students receive university credit for attending a twice-weekly seminar series showcasing the different kinds of research being done in astronomy.  The students are all housed together in an NAU dormitory, and are also invited to various social events. At the end of the summer, each student produces a short paper on their research, and gives a talk on their work at a student mini-symposium. Students with results appropriate for presentation at a AAS or DPS meeting are supported for that travel during the following year. 

Our alumni have done very well at getting into graduate schools; in the last several years they have been very well represented in the top astronomy programs in the country. Many of our first students are now postdocs (Erika Gibb, DJ Pisano, Henry Throop) or assistant professors (Kelsey Johnson, Laura Woodney, Cornelia Lang). We have also been particularly successful at mentoring young women; over half of all our summer students have been female. 
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The Evolution of Massive Stars as a Function of Metallicity: Closing the Loop Observationally in the Local Group

This grant is aimed at improving our understanding of the evolution of massive stars.  Mass loss plays a dominant role in the evolution of massive stars, and such mass loss should be dependent upon the initial metallicity of the gas out of which these stars are born. Here are three of the science highlights covered by this grant:

(1) The discovery of a New (Almost) Local Group Galaxy.  

Henning et al. (2000) conducted a 21-cm survey in the Zone of Avoidance (the region at low galactic latitude where few galaxies are found, due to interstellar extinction) looking for previously unrecognized galaxies, primarily in an effort to detect other Local Group members.  One of these sources, HIZSS3, proved to have radio properities characteristic of a very nearby dIm system. Followup optical observations by Massey identified an HII region coincident with the radio position that had the same redshift; this confirmed that the 21-cm source was in fact a star-forming galaxy containing massive stars (Massey, Henning, & Kraan-Korteweg 2003).   In the absence of peculiar velocities the newly-confirmed galaxy would be at 1.8 Mpc, just outside of the zero-velocity field which defines the Local Group.  Subsequently, Massey and collaborators obtained NIR images using the ESO 8.2-m VLT, identifying for the first time the resolved stellar population of our newly found neighbor; observations with the MMT of the HII region established the metallicity.  Using the tip of the red giant branch, we find a distance of 1.69 +/- 0.07 Mpc (Silva et al 2004).

(2) The Numbers and Types of Wolf-Rayet Stars in the Local Group. Using the Kitt Peak 4-m telescope and a set of interference filters optimized for the detection of Wolf-Rayet stars, Massey conducted surveys for Wolf-Rayet stars in all of the star-forming galaxies of the Local Group.   One of our most interesting discoveries concerns the starburst galaxy IC~10.  Previous studies of this nearby irregular galaxy had identified 22 Wolf-Rayet stars, most of which were of type WC.  The large number of WRs, along with other evidence, suggested that the galaxy is currently undergoing a starburst  (Massey & Armandroff 1995).  However, the high percentage of WCs was inexplicable.  IC 10 is  relatively metal-poor, and its high WC/WN ratio challenged this paradigm.   In this survey, they discovered another 100+ likely Wolf-Rayet candidates that had simply been missed in previous studies.  The majority of these should be of WN-type, according to our filter photometry.  The results were published in an ApJ letter (Massey & Holmes 2002).

(3) Red Supergiants (RSGs) in the Magellanic Clouds and the Milky Way. The RSG content of the Magellanic Clouds has been poorly known, owing to the contamination of foreground dwarfs.  Under this NSF grant Massey first conducted a UBVR CCD survey that covered most of the LMC and SMC (Massey 2002). We then obtained spectra with the CTIO 4-m and fiber positioner Hydra of 118 red stars seen towards the SMC and 167 red stars seen towards the LMC.  Radial velocities were used to definitively separate foreground dwarfs from RSGs, and spectra obtained in the blue allowed the classification of these stars (Massey & Olsen 2003). The questions raised by this study forms the basis of a new NSF proposal submitted concurrently to this one (i.e., AST-0504206).
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� See � HYPERLINK "http://www.lowell.edu/users/massey/recentpubs.html" �http://www.lowell.edu/users/massey/recentpubs.html� for current publication status and preprint information.  
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