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Background
The term Active Galactic Nucleus (AGN) refers to phenomena in the nuclei, or central regions, of galaxies, which causes substantial energy release beyond what can be attributed directly to stellar proceses.  AGN are theoretically caused by supermassive black holes actively drawing material into an accretion disk.  Thermal processes in the accretion disk produce continuum emission that peaks in the ultraviolet region. Near the accretion disk there is a separate region of fast moving hydrogen gas that, being heated by the accretion disk, produces Doppler broadened emission lines (the motion is broadened due to particle speeds equivalent to at least 10,000 km/sec.) This area of gas although not resolved, is known to be separate from the disk due to its lag time in emissions during brightening events. Clouds of cooler gas farther from the accretion disk have characteristic narrow emission lines. Furthermore, as the gas and dust in the torus becomes heated by the AGN, it emits along a continuum that peaks in the infrared. 

The two largest subclasses of AGNs are Seyfert galaxies and quasars, and the distinction between them is to some degree a matter of semantics. The fundamental difference between these two subclasses is their luminosity; in the case of a typical Seyfert galaxy, the total energy emitted by the nuclear source at visible wavelengths is comparable to all of the stars in the galaxy (ie. about 1011 times the luminosity of the sun), but in a typical quasar the nuclear source is brighter than the stars by a factor of 100 or more. Additionally, there are two types of AGN, that according to the Unified Model are thought to be the same objects but viewed from different perspectives. Both types of AGN are theorized to have a torus of dense dust surrounding the accretion disk. In AGN Type I, the view is face on, looking up/down on the ring of the torus, enough to detect the fast moving gas near the accretion disk, so that both the narrow and broad emission lines are apparent. In AGN Type II, the view is thought to be looking through the torus, edge on, so that the broad emission lines from the fast moving gas are obscured by the dust, leaving only the narrow emission lines visible in the spectra. Since most quasars have been discovered visually, and are extraordinarily bright, they tend to be Type 1, where there is no interference from the dust of the torus. Type II quasars are relatively rare, since they are harder to identify because the dust of the torus obscures our view.

In theory, just as hotter stars are more luminous, hotter AGN (those with hotter, more efficient accretion disks) should also be more luminous. Also, there should be a correlation between the ultraviolet emissions of the accretion disk and the infrared emissions of the gas and dust that is heated by the accretion disk.  

Scientific Goals

The goal of this research is to produce a color magnitude diagram showing the theorized correlation between luminosity and color of Type 1 AGN. This correlation has been investigated previously, notably in 2010 by a NITARP team. This current study will continue the work of the 2010 NITARP team, additionally broadening the base number of targets by using data from quasars instead of Seyfert galaxies, as well as recently released data from WISE. Though local Type 1 AGN whose radiation is not redshifted would be more convenient to study, the number of sources available is insufficient to gain a statistically large sample size. Additionally, this study will utilize WISE data whereas previous studies used Spitzer data.  The data from WISE includes measurements at wavelengths of 12 and 22 microns in addition to the 3.4 and 4.6 micron measurements used in previous studies.  Using these longer wavelengths should avoid issues of contamination by starlight, and again should give a better measure of the temperature of the dust with less variability, as these cooler regions are more distant from the variable source and should average over short term variations.  The color of the AGN will be determined by comparing the intensity of two wavelengths in the ultraviolet region.  For this determination, archived data from the Sloan Digital Sky Survey (SDSS) and from Galaxy Evolution Explorer (GALEX) from Trammel et al (2007).   For the initial comparison, wavelengths of 277.5 nm (obtained from the near UV GALEX filter) and 355.1 nm (obtained from the u-band SDSS filter) will be used to determine color.   Several additional comparisons may be possible using another SDSS filter if this particular comparison proves ineffective at showing the expected correlation.

We intend to;

(i) focus on Type I quasars at redshift 0.1<z<0.5 This will provide a large number of sources for which obscuration by dust is minimized so that the radiation observed can be directly attributed to thermal emissions by the accretion disk.  Sources will be selected at similar redshift values so that consistent measurements can be taken at each desired wavelength without needing to correct for the redshift. The wavelengths studied will be selected in order to avoid contamination from emission lines (specifically the strong Lyman alpha line) that have been redshifted into the region measured by UV filters on the instruments used in this study.
(ii) use data obtained at relatively simultaneous times for different wavelengths of interest (within approximately a 5 year period)

(iii) use data from GALEX, SDSS, and WISE, allowing for an increased number of samples, at an increased number of wavelengths. Due to the redshift of these sources, which is unavoidable because of the number of sources required, GALEX data alone cannot be used.  Redshifted Ly lines are a strong contaminate at the wavelength measured by the far UV GALEX filter, so only the GALEX near UV filter can be used.  (The flux collected by the near UV filter is redshifted from the far UV region.)  For a second UV wavelength, SDSS u-band measurements will be used.

Expected Outcomes

(i) Color magnitude diagram plotting IR magnitude at 12 m against color, determined by the ratio of UV magnitudes at 277.5 nm and 355.1 nm

(ii) Color magnitude diagram plotting IR magnitude at 22 m against color, determined by the ratio of UV magnitudes at 277.5 nm and 355.1 nm

(iii) If the above do not show the expected correlation, additional color magnitude diagrams will be explored using combinations of IR magnitudes of 3.4,  4.6, 12, or 22 m against color, determined by ratios of UV magnitudes at 277.5 nm, 355.1 nm, along with additional SDSS filters as needed.

Archived Data
The Sloan Digital Sky Survey was used to search for objects that fit the above search criteria, while cross-referencing for compatibility with GALEX. In all, 3037 targets were identified that were observed by both the SDSS and GALEX missions (Trammel et al (2007). Since the WISE mission is all-sky we are confident that most of our targets will be included in the upcoming March 2012 release.

There will be three sets of archival data extraction for this project. GALEX data will use extracted magnitudes from the 3rd public release of data from Trammel et al (2007). These magnitudes will be in the Near UV (175-280 nm). The SDSS data used to correlate with the GALEX data in Trammel et al (2007) will provide our u-band (365 nm) magnitudes. Both GALEX and SDSS are available through a web interface, and can be easily downloaded. The infrared data will be extracted from the newly released (March 2012) WISE database. The WISE magnitudes are at 3.4, 4.6, 12, and 22 µm. They are also available through a web interface, and can be easily downloaded.

The initial list of targets will be attached in Appendix A.

Instruments
The Galaxy Evolution Explorer (GALEX) instrument is a 50 cm Ritchey-Chretien telescope, with a large field of view in four different optical paths, two UV simultaneous channels. The GALEX survey has imaged all of the galaxies that are relevant to our study. Their data archive will provide our near UV flux values for the targets, and with the u-band flux value from SDSS will be used to estimate the color (temperature) of the AGN. The color will then be compared to the IR energy emitted by the surrounding dust in the torus. As the temperature increases in the accretion disk at both the NUV and the u-band, we expect that there will be a corresponding increase in the temperature of the surrounding dust in the IR.

The Sloan Digital Sky Survey (SDSS) uses a ground-based 2.5-m wide-angle optical telescope, and takes images using a photometric system of five filters; u (ultraviolet), g (green), r (red), i (infrared) and z (900 nm). Although these filters are primarily in the visual part of the spectrum, and so may be contaminated with varying degrees of host galaxy star-light, but the u-band flux values should be clean enough for us to use for our study without any corrections since the AGN peaks in the UV and main sequence stars are not very bright in the UV.

The Wide-field Infrared Survey Explorer (WISE) instrument is a four-channel imager which operates in a single mode. It includes a 40-cm telescope with 47 arcminute field of view, and has detector arrays at 3.4, 4.6, 12, and 22 µm. It has a resolution of 6 arcseconds (12 arcseconds at 22 µm). At 3.4 µm the data is contaminated with starlight. Since most galaxies have a large number of stars that emit at this wavelength, as do the AGN, there could be confusion as to the source of the flux. At 4.6 µm, there could still be some interference with starlight, but this channel may provide some useful information. Ther 12 and 22 µm filters track cooler dust and are in a region which should have little host galaxy starlight contamination.

