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Introduction:  Quasars are small, high-energy active cores of very distant galaxies.  They look like stars in the visible wavelength, but have much higher energy outputs than stars, and are also highly red-shifted.  Their energy output comes from gigantic accretion disks containing matter and gas surrounding black holes.  Some quasars have such high energy outputs that they emit more energy every second than our Sun does in two hundred years.  Since quasars are highly red-shifted, studying them allows us to study the universe when it was very young.  Furthermore, studying the spectra of quasars allows us to explore the chemical evolution of galaxies, and the distribution and properties of intervening material at high red-shifts [1].    

The Multicolor Technique:  Due to their scientific value, several surveys are currently in progress with the objective of identifying quasars.   One of the most commonly used methods to detect quasars is the multicolor technique.   The basic idea is that stars and quasars vary greatly in the visible range of the electromagnetic spectrum due to differences in how their energy is produced (See Fig 3). Surveys will capture images of the area of interest with several different filters.  For the purposes of this project, the NFO Webscope, a 24-inch telescope in Silver City, New Mexico with three filters (B,V,R) was used.  This telescope gives two usable colors, namely B-V and V-R, which is just the differences in apparent magnitudes in the various filters.  These differences are dissimilar enough in stars and quasars so that when a plot is generated of B-V versus V-R, the quasars stand apart from the general stellar locus.   A multicolor survey is an excellent method to identify possible quasar candidates in an area of the sky.  Further spectral studies have to be conducted on the quasar candidates to confirm their identity.       

Selection of Quasars:  Due to the time of year, only objects that were within certain coordinates were considered.  These coordinates were right ascension: 14h to 20h and declination: -5° to 60°.   The next step was to consult the Sloan Digital Sky Survey (SDSS) database to select objects classified as quasars with 3<z<3.5 for study.  The goal was to recover the quasar 

classification using the NFO and applying the multicolor technique.  Three quasars were ultimately selected, along with an un-surveyed part of the sky so that possible quasar candidates could be identified in the area.

	Z
	RA
	Dec

	3.01
	17h12m27.8s
	+57.9186deg

	3.19
	14h26m56.2s
	+60.4308deg

	3.4251
	17h33m52.2s
	+54.0085deg

	Unknown Area
	19h10m52.2s
	+58.0085deg


Fig 1.  Chart with the coordinates of the three selected quasars and the un-surveyed area.

Methods:  The first step was to obtain as many images as possible of the three quasars and the unknown area in the three different filters over a period of approximately forty-five days.  After collecting a reasonable amount of images, the next step was to align and stack the images using a reduction and image analysis software known as IRAF [2].  The final images for photometry were obtained by stacking anywhere from six to twelve images (See Fig 2).  Photometry was then performed on the images using software called Source Extractor [3].  This software also helped create an object catalog for each of the images.  Upon obtaining the apparent aperture magnitudes of the objects in the various frames, the two colors were plotted.  It was expected that the three quasars would stand apart from the respective stellar loci in each of their fields.  As for the unknown area, the hope was to obtain a well defined stellar locus with some outliers.   
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Fig 2.  This is an image of the z =3.19 quasar (circled) in the V filter.   This image was obtained by stacking together 11 images. 

Results:
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Fig 3.  (Top)- Filter curves for B, V, and R filter with efficiencies at different wavelengths.  (2nd image)- Spectrum of a star.  (3rd image)- Spectrum of z=3.01 quasar.  (4th image)- Spectrum of z=3.19 quasar.  (Bottom)- Spectrum of z=3.4251 quasar.  The last three images have an arrow to indicate the location of the Ly-( line. [4]  

Observing the spectrums above, it is easy to see why the quasars stand apart from the stellar locus.  The flux of a star differs greatly from that of a quasar in the three filters.  This can be seen by comparing the emission and absorption features of the two objects.  The final color diagrams can be seen in Fig 4.  Classification was not possible on the z=3.01 quasar due to the    

lack of enough usable images in the V filter.  Furthermore the quasar’s Ly-( line lies right at the border of the B and the V filter, thus giving a small difference in B-V.  Moreover, the quasar had a magnitude of 17.6 in the V filter, which might make it too faint to be studied adequately by the NFO Webscope.  On the other hand, the z=3.19 and z=3.4251 quasar showed good separation from the stellar locus.  The Ly-( emission lines for these quasars lie well within the efficient frequencies of the V-filter.  This gives a large difference in B-V, thus producing a good separation in the final plot.  Moreover, the greater the red-shift, the greater the absorption at wavelengths less than the Ly-( line.  Thus, a smaller amount of flux is produced in the B-filter in the z=3.19 and the z=3.4251 quasar compared to the z=3.01 quasar. These factors contributed to the success achieved with these two quasars.
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Fig 4.  Several color diagrams in one plot.  The horizontal arrow points to the z=3.19 quasar, while the vertical arrows point to the z=3.4251 quasar.  Both quasars are pretty well separated from the general stellar locus.  Only objects classified as “stellar” by Source Extractor were plotted.

Conclusions:  The SDSS Data Release 3 Quasar Catalog contains exactly three quasars with 3.05< z <3.81 and V-mag > 17.2.  This catalog covers an area of approximately 5282 sq. deg.  Thus, there is exactly one quasar per 1760.7 sq. deg with specifications that we would have success with.  In an attempt to study the unknown area, the NFO Webscope covered an area of about .1887 sq. deg.  Thus, it is very unfeasible that any quasar candidates have been detected in the unknown area.  Approximately 9330 different pointings would be required to find a single quasar, which is not possible within the timeframe of this project.    


References:  [1] Seeds, Michael.  (2005) Stars and Galaxies.  Thomson Learning, Canada, 367-377.  [2] More information about IRAF can be obtained at http://iraf.noao.edu. [3] More information about Source Extractor can be found at http://terapix.iap.fr/. [4] All spectrum were obtained from the Sloan Digital Sky Survey website at http://www.sdss.org.
