METHODS IN QUASAR SELECTION:  IMPROVING QUASAR SELECTION EFFICIENCY IN SKY SURVEYS FOR OBJECTS BETWEEN REDSHIFTS OF 2- 3.
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Introduction: Quasars were first discovered in the middle of the 20th century. When they were first discovered they were identified as high redshift sources of electromagnetic radiation, point like, and similar to stars. The first quasars discovered were seen as a result of their emission of radio frequencies. They were thus dubbed Quasi-stellar radio sources, from which the abbreviation “quasar“ was formed. It is now known that almost 90% of all known quasars are radio quiet i.e. they do not emit waves with radio frequencies. In light of this the proper name for quasars are now quasi-stellar objects.

   Recent advances in observational and theoretical astronomy have led us to believe that quasars are the active cores of distant galaxies. They are relatively small super luminous bodies and they emit massive amounts of energy. It has been postulated that quasars are powered by massive accretion discs containing matter and gas that surround black holes. Energy is emitted as matter is sucked into the black holes. 

   Most quasars are highly redshifted. According to Hubble’s law, high redshift objects have enormous velocities and are very far away from us.  This implies that we see quasars as they were very long ago when the universe was fairly young. The study of quasars can thus provide insights into the nature of formation of the universe. In addition to this, because of their great distance, studying quasar spectra enable us to gain knowledge (esp. about chemical composition) about the intervening matter that occurs in space between the quasars and us [1].

Detection techniques: The only sure method for identifying a quasar is the use of spectral analysis. That however presents a drawback because there are innumerable objects in the sky, and only a limited time to take spectra. In light of this, astronomers have developed techniques for identifying potential quasars based on their images and color. Color is just the ratio of the magnitude of flux received from one bandwidth of EM radiation to another. The key idea here is that quasars and stars have significant differences in the magnitudes of radiation emitted in the optical and infrared frequency range of the spectrum. Hence, when the colors of these objects are plotted one against the other; the stars are arranged roughly into a pattern known as the stellar locus while the quasars lie separated around the edges of this locus. These separated quasars are then candidates for spectral analysis to confirm that they are quasars.
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Objectives & Obstacles:  In general, we aim to select objects, which we think may be quasars based on their colors and separation from the stellar locus.  Because we are interested in looking at the spectra of these candidates in the fall, we are constrained to a take our data from a particular section of the sky that is most suited for observation during the fall months. We thus decided to take objects between right ascensions 310 and 50 degrees of sky. More specifically, we are interested in quasars with redshifts between 2 and 3.  Studies have revealed that the density of quasars in the sky peaks between the redshifts 2 to 3. The catch here is that for previous surveys which were conducted in the optical region of the EM spectrum there is a big drop in quasar selection efficiency between the region of redshifts 2 to 3; the very region where the amount of quasars are at a maximum. Our goal then was to see if there was a way we could improve the selection efficiency in this region by modifying previously used techniques. We plot the colors of the objects, which were obtained from the SDSS (Sloan digital sky survey) and 2MASS (two micron all sky Survey) surveys, one against the other, however instead of plotting two optical colors, we plot one optical color versus an infrared color. 
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 Graph showing peak of quasar density between redshifts 2 and 3.
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Graph showing dip in efficiency of quasar selection between redshifts 2 and 3.

Methods: We started by deciding which area of the sky to cover in our analysis. Next we downloaded our objects and their optical magnitudes from the SDSS, as well as the same objects’ infrared magnitude from the 2MASS. After getting this data, we perform a series of operations such as cutting out unwanted parts that came with the data (these databases often add extra unwanted information such as object ID number), in order to get the data in a form suitable for our analysis. We then ran a program that is designed to compute colors from magnitude on the data obtained. Aside from computing colors, this program is also designed to make a cut that separates possible quasars from the stellar locus, thus in the process selecting our quasar candidates. After the selection of our candidates, we then downloaded photographic images of these objects from 2MASS and looked at them using IRAF (Image Reduction and Analysis Facility) to ensure that they were point like objects and not extended sources. The reason for this step is to make sure that we are not getting galaxies as part of our candidates. 

   Next we wrote a program that takes in the redshift and apparent magnitudes of our objects and calculates the absolute magnitudes of the objects and their comoving distance (commoving distance is a measurement of distance which takes account of the Hubble expansion of the universe) from us.

Below are graphs, which show absolute magnitudes, comoving distance, and luminosity distances as a function of redshift, for a fixed apparent magnitude.
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Results & Conclusion: We currently assume that our techniques are correct, because our candidates lie within the same region in our color diagrams as previously discovered quasars of redshift between 2 and 3. Of course, we have to verify by taking spectra of our candidates at the Kitt peak observatory, for which we already have time during the fall.
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