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Introduction: Quasars are the highly compacted bright centers of active galaxies that emit high amounts of energy and exhibit large redshifts. Morphologically, quasars appear like stars, meaning they appear as point sources instead of full galaxies. Quasars produce their energy by the accretion of matter into a super massive black hole that lies at the center of their host galaxy. In some cases, the quasar is so luminous that it will outshine its host galaxy. Additionally, because quasars are greatly redshifted we are essentially looking back into time when we study them. Therefore, the information we gain from quasar studies will be important in our understanding of the evolution of galaxies. 

Detection Methods: The first discovery of quasars was made in the early 1960’s with the use of radio telescopes. The quasar 3C 273 was the first found due to its radio and optical brightness, although we now know that only about 10% of quasars are actually radio loud. Today, the most successful method of detecting quasars is using optical telescopes. Large optical survey, such as the Sloan Digital Sky Survey (SDSS), account for most known quasars, including 26 of the 30 most distant quasars, but selections between redshifts of z=2 to z=3 are incomplete for most optical surveys. This incompleteness is due to the quasars of this redshift range similarity in color with stars. To reconcile this problem, new selection methods need to be implemented. 
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Image 1: Redshift vs. volume of space showing that peak quasar activity occurs between 2.2 to 2.8. [1]
Addition of Infrared: In order to better search for quasars of redshift z=2 to z=3 we are focusing on utilizing infrared data in addition to optical data to help separate the z=2 to z=3 quasars from the stars in color – color space. Here we have two graphs to demonstrate how the addition of infrared imaging helps separate quasars of redshift 2 to 3 from stars. 
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Image 2: Optical colors vs. optical color magnitudes of synthetic quasars showing quasar colors for redshifts 2 to 3 are the same as stars when using optical filters.




Image 3: Infrared color vs. optical color of synthetic quasars showing quasar colors for redshifts 2 to 3 differ from stars.
Methods and Data Analysis:  The process of searching for quasars of redshift 2 to 3 began by downloading the optical data from the Sloan Digital Sky Survey (SDSS) and then cross matching it with the 2 Micron All Sky Survey (2MASS) in a utility called Gator for several fall field areas. Once the tables were downloaded, we then used a program that computed colors for each matched object. We then plotted the matched objects in various color spaces to determine which color space would be best for candidate selection. We have also computed the expected colors of synthetic quasar spectra in the SDSS and 2MASS pass bands to identify the expected colors of quasars at z=2 to 3, as well as graphing in color space known quasars of redshift z<1 to z=3 from the third data release from SDSS to identify where known quasars lie in our color space. After choosing an effective color space, we then selected candidates that diverged from the stellar locus, and that were within the same color space as our synthetic quasar data, by using a series of color cuts at selected magnitudes. Next we determined if any of these candidates had already undergone spectral analysis to determine their nature by cross checking the SDSS. Those without spectral analysis will be considered for follow up spectroscopy.

Results: Our results thus far are that we have determined a viable color space in which we have chosen candidates from. Now that we have a large list of candidates, our next goal is to narrow down the list to roughly 200 candidates that have a good stretch in RA. For each of those 200 candidates, we will create finding charts, which include offsets, such that we will be able to effectively take spectral analysis of our candidates.
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Image 4: Cross matched data with candidates for spectroscopy shown.

Conclusion:  With our candidates chosen, the next steps will be to determine through spectroscopy whether our candidates are indeed quasars of redshift 2 to 3. We have been approved for time at the 2.1 m telescope at Kitt Peak National Observatory for September and we will be doing spectroscopy on roughly 200 candidate objects over the course of seven days. This follow up spectroscopy will determine if the addition of infrared imaging to optical surveys improves quasar selection at redshifts 2 to 3. Thereby, improving the accuracy of determinations of quasar space densities.    
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