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Abstract 

The Oxygen Content of Blue Elliptical Galaxies 

 by 

Joshua Thomas Fuchs 

 

A clear bimodal distribution appears when looking at the colors of galaxies. This 

distribution can be separated into two sequences: one that resides in the blue end of 

the spectrum and one that resides in the red end of the spectrum. The blue sequence 

indicates active star formation and is typically populated by spiral galaxies. In 

contrast, the red sequence lacks star formation and is populated by elliptical galaxies. 

However, there exist a number of elliptical galaxies that reside in the blue sequence. 

Using galaxy spectra from the Sloan Digital Sky Survey, I investigated the properties 

and origins of two samples of blue elliptical galaxies. One sample included 204 high-

mass galaxies. The other sample included seventeen low-mass galaxies. Emission-

line diagnostics were used to investigate the luminosity-metallicity and mass-

metallicity relationships. Both samples were found to lie predominantly above the 

median trend in luminosity-metallicity space. Masses were available for only one 

sample, which also appears to lie above the median in mass-metallicity space. 

Possible causes for these higher metallicities include inflows of gas from the 

intergalactic medium and mergers with smaller, star-forming galaxies. 
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CHAPTER 1: BACKGROUND INFORMATION 

SECTION 1.1: Morphology and the Hubble Sequence 

The classification of galaxies is an important step to better understand their 

nature and evolution. Galaxies can be divided into classes based on specific 

characteristics. The morphology, or structure, of galaxies is traditionally used as the 

primary characteristic. It is the basis for the most widely used classification scheme, 

the Hubble sequence. 

Edwin Hubble introduced his classification scheme in his 1936 book The 

Realm of the Nebulae. The Hubble sequence introduced in this book is shown in 

Figure 1.1.  

 

 
Figure 1.1: The Hubble sequence. The elliptical galaxies increase in eccentricity towards the 

right. The spiral galaxies vertically bifurcate into the normal spirals (top) and the barred 

spirals (bottom). The spirals on the right have less tightly wound arms than those on the left 

of the diagram.  Image courtesy Sloan Digital Sky Survey. 
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Hubble suggested that galaxies evolved from the left to the right of the 

diagram, an idea that has since been disregarded. This did, however, cause galaxies 

on the left of the diagram, the ellipticals, to be referred to as early-type galaxies and 

those on the right of the diagram, the spirals, to be referred to as late-type galaxies.  

Elliptical galaxies are named because of their elliptical shape and lack of any 

further structure. They possess a brighter central core surrounded by a more diffuse 

outer layer. These galaxies are subclassified between E0, circular, and E6, where the 

major axis is 2.5 times the minor axis. The most circular galaxies lie on the leftmost 

side of the Hubble Sequence and the most elliptical galaxies lie on the rightmost side. 

Elliptical galaxies are among the largest galaxies in the universe, weighing between 

10
7
 M


 to 10

13
 M


 and having diameters between tens and hundreds of kiloparsecs 

(Carroll & Ostlie 2007). Elliptical galaxies are thought to have formed as the result of 

a series of collisions between galaxies. 

Towards the right side of the diagram lie the spiral galaxies. The vertical 

bifurcation marks the distinction between the normal spiral galaxies and the barred 

spiral galaxies. Lenticular galaxies occupy the junction between the spirals and 

ellipticals. Spiral galaxies are thin disks with long spiral arms originating from a 

brighter central nucleus. Morphologically, spiral galaxies have a central bulge of 

stars. These bulges have a higher density of stars compared to the arms of the galaxy 

and rise above and below the plane of the galaxy. Barred galaxies have a central bar 

with the spiral arms beginning at the end of the bar. The galaxies with the most 

prominent bulges also have the most tightly bound arms. Spiral galaxies vary between 
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5 and 100 kiloparsecs in diameter and 10
9
 M


 and 10

12
 M


 in mass (Carroll & Ostlie 

2007). 

Classifying galaxies by their morphology is a natural first step in 

understanding the underlying physics in galaxies. Morphology correlates with other 

parameters such as star formation rate and gas fraction (Roberts & Haynes 1994). 

Other classification systems relying on spectral features, luminosity profiles, or color 

can gloss over some of the subtle differences that emerge when looking at 

morphological types. Understanding the trends that emerge from morphological 

classification and the outliers of the trend is an important step in understanding the 

formation and evolution of galaxies.  

One of the remaining questions in extragalactic astronomy is how galaxies 

evolve morphologically. Their true evolution is likely more complex than simply 

right or left along the Hubble sequence. Mergers of two galaxies are one of the most 

important processes by which galaxies can move along the Hubble sequence. Toomre 

& Toomre (1972) first suggested that galaxies evolve from late-type to early-type 

through mergers of similar-mass spiral galaxies. In order for galaxies to evolve the 

opposite way, from early-type to late-type, they must have a substantial amount of 

cold gas and active disk growth. 

 

SECTION 1.2: Color, Stellar Mass, and the Bimodal Distribution of Galaxies 

The brightness of an object in the sky is measured in terms of the flux, F, 

given by  

   
 

    
  , (1.2.1) 
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where L is the luminosity, or brightness, of the object measured in watts, and r is the 

distance from the object. The flux is a measure of the energy received per second per 

unit area. Furthermore, the magnitude system is used to compare the brightness of 

different objects. The magnitude scale is an inverse logarithmic scale so that a 

brighter object has a smaller magnitude. The apparent magnitude of an object, m1, is 

given by comparing it to a standard reference object m2 of known magnitude: 

               
  

  
  , (1.2.2) 

where m1 and F1 are the apparent magnitude and flux, respectively, of object 1 and m2 

and F2 are the apparent magnitude and flux of object 2. 

The absolute magnitude, M, is the apparent magnitude an object would have 

at a distance of 10 pc. It is more useful to compare the absolute magnitudes of objects 

since it is a distance-independent quantity. The relationship between the apparent 

magnitude and the absolute magnitude for a particular celestial object is given by the 

distance modulus m M, where r is the distance to an object in parsecs: 

            . (1.2.3) 

The magnitude of an object in the sky will depend on the wavelength of light that is 

observed. Filters that are most sensitive at different wavelengths are used to build a 

complete image of an object. 

One of the ways that galaxies can be classified is based on their distribution in 

color-stellar mass space. A galaxy’s color is indicative of the rate of star formation. 

Bluer color denotes active star formation while a redder color typically denotes 

minimal star formation. This color difference can be explained by the Hertzsprung-

Russell diagram, shown in Figure 1.2. The Hertzsprung-Russell diagram relates the 
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absolute magnitude and color of stars and contains a wealth of information on stellar 

evolution.  

 

Figure 1.2: Hertzsprung-Russell Diagram. The luminosity, or intrinsic brightness, of stars is 

plotted against the color, which also relates to the surface temperature. The mass, chemical 

composition, and age of a star determine where it lies on the H-R diagram. Stars are born 

along the Main sequence and migrate to the right, reddening, as they age. Image courtesy 

Bennett et al. (2004).  

 

A new stellar population will form stars that all lie on the main sequence. 

More massive stars are bluer and also the most luminous, so a galaxy currently 

forming stars will appear bluer. As the stellar population ages, the most massive stars 
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die out first. The loss of these stars causes the total luminosity of a galaxy to become 

redder. 

The color of a galaxy is quantified by the magnitude difference in two 

photometric filters. Different filters are sensitive to different parts of the spectrum. 

The difference in the U and R filters is commonly used to determine the color of 

celestial objects. The U filter has a peak sensitivity in the blue part of the spectrum 

while the R filter has a peak sensitivity in the red part of the spectrum. Recall that the 

magnitude scale in an inverse scale, so a smaller U-R color corresponds to a bluer 

galaxy. 

Just as stellar mass is a fundamental property for understanding a star’s 

evolution, galaxy mass may also be quite fundamental to understanding a galaxies 

evolution. Kauffmann et al. (2003) found that nearby galaxies above and below 

         M


 have different properties. Below that mass, galaxies have younger 

stellar populations and more discs. Above          M


, galaxies harbor older stellar 

populations and more bulges.  

Wei et al. (2010) investigated the relationship between color and stellar mass. 

Galaxies with UBR filter photometry from the Nearby Field Galaxy Survey (Jansen et 

al. 2000) and masses less than          M


 were studied. The sample included 27 

elliptical galaxies. The U R color versus stellar mass relation for this sample is 

shown in Figure 1.3. 
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Figure 1.3: U-R color vs. stellar mass. Morphological type is denoted by the various symbols. 

S0 are lenticular galaxies, E are elliptical galaxies, Irr are irregular galaxies, and Sa-Sd are 

spiral galaxies. The dashed line separates the red (above) and blue (below) sequences. The 

stellar mass for each galaxy is normalized to the solar mass, M


. Note the elliptical galaxies 

that lie on the blue sequence below the dashed line with the spiral galaxies. From Wei et al. 

(2010). 

 

Figure 1.3 shows that the majority of spiral galaxies lie on the blue sequence. 

However, elliptical galaxies can occupy both the red and the blue sequences.  

The mass of a galaxy is related to its luminosity by the following relationship: 

   
 

  
                , (Baldry et al. 2004) (1.2.5) 

where M/Lr is the mass-to-light ratio in solar units and Cur is the u-r color: 

         .  (1.2.6) 

 

Looking at galaxy colors reveals a similar bimodal distribution for large 

surveys of galaxies. When all morphological types of galaxies are considered, their 
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distribution can be approximated by two Gaussians. Baldry et al. (2004) studied 

66,846 galaxies to analyze the distribution of galaxy colors, shown below in Figure 

1.4. 

 
 

Figure 1.4: u-r color vs. total number of galaxies in the sample. The different plots 

correspond to different absolute magnitudes in the red portion of the spectrum, Mr. All 

different morphological types are included in these plots. This time, two Gaussian 

distributions separate the red and blue sequences. For comparison, the range of the sample 

presented in this paper is -22.45 ≤ Mr ≤ -19.82. From Baldry et al. (2004).  

 



9 
 

 

Figure 1.3 shows that most spiral galaxies are blue and most elliptical galaxies 

are red. Figure 1.4 shows that galaxies can either occupy the blue (low u-r) side of the 

distribution or the red (high u-r) side, demonstrating that the red elliptical and blue 

spiral classification holds for large surveys. This distribution is an important tool in 

understanding galaxy evolution. Bell et al. (2004) found that at redshifts less than 1 

there is a rise in the number of red galaxies compared to galaxy populations in the 

early universe. This rise is attributed to the concept of downsizing (Cowie et al. 

1996). As the universe has aged, more and more star formation occurs in galaxies of 

smaller mass. Smaller galaxies are now blue while larger galaxies now red were blue 

in the past. This downsizing has caused the number of red galaxies to increase with 

time. As all of the gas in a galaxy is used for star formation and turned into heavier 

metals, star formation is quenched. Galaxies can also migrate from the blue to the red 

sequence through mergers with other galaxies, as shown in Figure 1.5. 

 

Figure 1.5: Possible migration patterns from the blue to the red sequence on stellar mass vs. 

color diagrams. The two sequences are shown as the gray clouds. Two different types of 

merger and quenching processes are depicted. The black lines represent the quenching 

process and the white lines represent mergers along the red sequence. From Faber et al. 

(2007). 
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Figure 1.5 implies that early-type galaxies lie in the red sequence and late-

type galaxies reside on the blue sequence. This bimodal distribution and the idea of 

downsizing have led to the belief that galaxies evolve from the blue sequence to the 

red sequence, from late-type to early-type. However, there are a substantial number of 

blue early-type galaxies that appear in large surveys. These galaxies do not fit into the 

standard blue spiral, red elliptical picture. If elliptical galaxies truly are the end result 

of galactic evolution, it is puzzling why they contain traits, such as active star 

formation, associated with galaxies that are still actively evolving. A better 

understanding of where these blue early-types come from is key to understanding 

galactic evolution. 

 

SECTION 1.3: Metallicity 

Astronomers classify elements that are not hydrogen or helium as metals. All 

other elements were not produced in the Big Bang so must be created by fusion in 

stars or in supernovae. Metallicity, Z, is the mass fraction of these heavier elements 

that exist in a celestial object. The metallicity is an indication of the amount of gas 

processed by stars. Stellar metallicities typically use iron as an indicator of 

metallicity. For extragalactic studies, the amount of oxygen is often used as an 

estimate of the total metallicity because it is abundant and displays strong emission 

lines in the optical part of the spectrum. Measuring the oxygen content of a galaxy is 

analogous to measuring the total metallicity of a galaxy. For a particular galaxy, the 

two are related by a constant factor. The oxygen content of a galaxy is given as 

              , (1.3.1) 
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where O/H is the ratio of the number of oxygen atoms to the number of hydrogen 

atoms.  

The metallicity and stellar mass of a galaxy are two of the most important 

physical properties of a galaxy. Metallicity tells how much gas stars have processed 

while stellar mass indicates the amount of gas still being used by stars. Both of these 

quantities are important in determining the evolutionary status of galaxies.  

Analogous to the color-luminosity and color-mass relationships discussed 

earlier, there exist both luminosity-metallicity and mass-metallicity relationships. 

Historically, the luminosity-metallicity relationship demonstrating that more 

luminous galaxies have higher metallicities was discovered first. It eventually became 

understand that the related mass-metallicity relationship where galaxies with larger 

stellar masses have higher metallicities was a more fundamental relationship. The 

origin of this relationship is still debated. Some of the suggested theories include 

outflows of metal-rich gas, infalls of metal-poor gas, downsizing, or variations of the 

initial mass function as the source of these relationships. Tremonti et al. (2004) 

studied these relationships for 53,400 star-forming galaxies from the Sloan Digital 

Sky Survey. The two results are shown below in Figures 1.6 and 1.7.  
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Figure 1.6: Luminosity-metallicity relationship from Tremonti et al. (2004). The luminosity is 

given in units of Absolute Magnitude. The red line is the least squares regression fit for the 

sample presented in the data on the graph. Other lines are from previous studies and 

presented for comparison. 
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Figure 1.7: Mass - metallicity relation from Tremonti et al. (2004). The mass is given in units 

of solar masses. The red line is a polynomial fit to the data and the black lines enclose 68% 

and 95% of the data. Note how the relationship begins to flatten out at higher masses. 

 

SECTION 1.4: Summary  

 The existence of blue elliptical galaxies is perplexing. These are galaxies 

thought to be in the final stage of evolution morphologically but display properties of 

younger galaxies. Understanding why blue elliptical galaxies exist will lead to a 

better understanding of galaxy evolution. Investigating the luminosity-metallicity and 

mass-metallicity relationships will help answer this question. Luminosity, mass, and 
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metallicty are three properties central to understanding the current state of a galaxy. 

They tell how much gas has been processed by stars and how much gas is still locked 

up in stars, which both relate to the evolutionary status of a particular galaxy. 

Comparing the location of blue elliptical galaxies to larger populations of all galaxy 

types on these diagrams will give an insight to the origin of blue elliptical galaxies. 
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CHAPTER 2: DATA AND METHODS 

 Emission line spectroscopy was used to investigate the properties of 221 blue 

elliptical galaxies. These emission lines tell the quantities of different elements 

present in the interstellar gas, which can then be used to determine the metallicity of 

the galaxy. This chapter describes the source of the galaxy spectra used, details of the 

two data samples studied, and how the emission lines were analyzed. 

 

SECTION 2.1: The Sloan Digital Sky Survey 

The Sloan Digital Sky Survey (SDSS) began science operations in 2000 (York 

et al. 2000). The SDSS uses a dedicated 2.5m telescope located at the Apache Point 

Observatory in Sunspot, New Mexico. The telescope was originally equipped with a 

120-Megapixel CCD camera to image the sky in five optical bands and two digital 

spectrographs. The survey that finished in 2008 covered 8,000 square degrees of the 

sky (approximately 26 percent of the sky). The SDSS first imaged the sky in five 

photometric bands. To determine the color of each galaxy, the difference between the 

u’ and r’ filters is used. The peak sensitivity of the u’ filter for SDSS is 3590 Å. The 

peak sensitivity of the r’ filter for SDSS is 6230 Å. Data analysis software then 

identified extended objects for follow-up spectroscopic observations. Spectra have 

been taken of 929,555 galaxies. A single 3 arcsecond diameter spectrum centered on 

the nucleus is taken for each galaxy with a total integration time of 45-60 minutes. 

The nucleus of a galaxy is the central part of a galaxy that contains the highest density 

of stars. The SDSS spectrograph has an aluminum plate with 640 drilled holes; each 

hole corresponding to the location of a galaxy, quasar, or star. Each hole is plugged 
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with an optical fiber that takes a spectrum of the object, allowing up to 640 spectra to 

be taken during one observation. Wavelengths between 3800 Å and 9200 Å are 

covered. The SDSS data pipeline reduces the spectra. Spectroscopic defects, bias, flat 

fields, and telluric absorption are all corrected. Fully reduced spectra are then released 

online. 

 

SECTION 2.2: Galaxy Zoo 

Galaxy Zoo is a scientific citizenship project where volunteers classify large 

numbers of galaxies morphologically. To date, more than 100,000 citizen scientists 

have classified nearly one million galaxies from the SDSS. Volunteers at Galaxy Zoo 

are asked to classify galaxies based on g’, r’, and i’ photometric images. Volunteers 

are given six categories to classify any individual galaxy using the interface in Figure 

2.1. 

 

 
Figure 2.1: Galaxy Zoo user interface. Users are presented with questions about the 

morphology of each galaxy shown. Lintott et al. (2011). 
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All galaxies are classified multiple times by different volunteers. Since 

classifications are not unanimous, 80 percent agreement has been defined as a clean 

sample and 95 percent agreement has been defined as a superclean sample. All 

galaxies presented and studied in this paper were classified by Galaxy Zoo users and 

part of the clean sample. 

 

SECTION 2.3: Data Sample 

Two data samples were analyzed for comparison. The first, smaller sample 

was selected from Wei et al. (2010) and included seventeen blue sequence ellipticals. 

Wei et al. calculated masses for these galaxies, so they provide a nice calibration and 

comparison tool for the SDSS sample described below. Spectroscopy for these 

galaxies was obtained from the SDSS Data Release 7. Redshifts range between 

0.00241 and 0.00813. Absolute magnitudes range between -19.94 and -15.87 in the 

Mr band. This sample will be referred to as the Wei sample. 

204 blue early-type galaxies from the SDSS Data Release 7 were also studied. 

The sample was drawn from Schawinski et al. (2007) and will be referred to as the 

SDSS sample. Photometric images of twenty randomly selected galaxies from this 

sample are presented below in Figure 2.2. These galaxies represent the extreme blue 

end of a sample of 3588 early-type galaxies. Only those galaxies more than 3σ from a 

Gaussian fit to the red end of the sample are investigated. This sample is chosen from 

the Galaxy Zoo clean catalogue. The sample was redshift limited between 0.02 and 

0.05 and absolute magnitude limited to -20.7. These boundaries help ensure that all 
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galaxies studied are approximately the same age so different evolution stages need 

not be considered. At this distance, the 3 arcsecond spectroscopic fiber corresponds to 

a mean radius of 2 kiloparsecs. Kewley, Jansen & Geller (2005) determined that an 

aperture must cover ~20 percent of the galaxy for the spectrum within the aperture to 

be similar to a spectrum over the entire galaxy. This is because the nuclei of galaxies 

have the densest concentration of stars, so to include a majority of the activity 

occurring in a galaxy, the whole galaxy need not be covered. The SDSS 3” fiber has a 

redshift ~0.04 for 20 percent coverage. Thus, the SDSS aperture does not 

significantly affect this sample. 
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Figure 2.2: Photometric images randomly selected from the 204 SDSS galaxies originally in 

the sample. In the upper left corner of each image, the scale is shown by the 5 arcsecond line. 

This selection includes galaxies with no strong emission lines and galaxies with strong 

emission lines (including only star formation, only an Active Galactic Nucleus, or a 

combination of both). 
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SECTION 2.4: Spectra  

Spectra give the amount of flux there is at individual wavelengths. SDSS 

spectra have data between 3800Å and 9200Å. Spectra have two main features: the 

stellar component and emission lines. The stellar component reflects the combined 

light of all the stars in the SDSS fiber. Absorption lines are part of the stellar 

component and are formed when electrons transition from a lower energy level to a 

higher energy level by absorbing an incident photon. This causes absorption lines to 

have a lower flux in comparison to the stellar component immediately surrounding 

the line. In contrast, emission lines have a higher flux and rise above the stellar 

component. Electrons transitioning to lower energy levels and emitting a photon 

cause emission lines.  

Spectra of galaxies with significant star formation or active, central 

supermassive black holes have strong emission lines. Emission lines arise from 

photoionization of the interstellar gas by stars or an active black hole and collisional 

excitation produced by collisions within the gas. Twelve prominent emission lines 

exist in the visible spectrum and lead to an understanding of the physics occurring in 

these galaxies. The emission lines studied are listed below in Table 2.1. Galactic 

spectra are dominated by the Balmer lines and forbidden emission lines. The Balmer 

lines are the transition down to the n=2 state of hydrogen. Hα denotes the 3-2 

transition, Hβ denotes the 4-2 transition, Hγ denotes the 5-2 transition and so forth. 

Forbidden emission lines are caused by collisional excitation and are low probability 

transition occurring in low-density gas. Emission lines are most prominent in galaxies 

that are blue, or have active star formation. 
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Emission Line Vacuum Wavelength (Å) 

[O II] 3727.10 , 3729.86 

Hβ 4862.64 

[O III] 5008.240 

[O I] 6302.046 

[N II] 6584.42 

H α 6564.52 

[S II] 6718.29 , 6732.674 
Table 2.1: Ten prominent emission lines seen in optical spectra. Brackets indicate forbidden 

emission lines. Wavelengths given are for a vacuum. Source: National Institute of Standards 

and Technology Atomic Spectra Database.  

 

The Balmer break is the sudden decrease in the stellar component around 

4000Å. The spacing between energy levels of the hydrogen atom decrease between 

higher energy levels. This creates increasingly smaller energy differences during 

transitions causing photons of similar wavelength to be emitted. The crowding of the 

absorption lines caused by these transitions is the one of the sources of the Balmer 

break. It is also caused by the increase in opacity of the stellar component at 

wavelengths less than the Balmer break. The magnitude of the sudden decrease in 

flux at the Balmer break varies based on the number of hot, young stars in a galaxy. 

Next to the Balmer break are the Calcium H (3969.59 Å) and K (3934.77 Å) lines. 

The Balmer lines also form absorption lines. However, in blue galaxies, the emission 

line overwhelms the absorption line so the Balmer absorption lines are barely 

noticeable. Absorption line galaxies populate the red end of the sequence. These 

galaxies contain very little interstellar gas and so effectively have no emission lines. 

Stellar absorption features then dominate the spectra of red galaxies. Figures 2.3 

through 2.6 show examples of absorption and emission line spectra. 
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Figure 2.3: Absorption spectrum. Note the absorption lines that fall below the stellar 

component. The Balmer break is clearly visible just above 4000Å. The flux is in units of 

                      . 

 

 

Figure 2.4: Emission spectrum. Note the emission lines that rise above the stellar component. 

The Balmer break is visible just above 4000Å. The flux is in units of 

                      . 
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Figure 2.5: Close up view of five prominent emission lines from the spectrum shown in 

Figure 2.4. From left to right, the emission lines are [N II] λ6548, Hα λ6563, [N II] λ6583, [S 

II] λ6717, and [S II] λ6731. All wavelengths given are vacuum wavelengths. Note that the 

emission lines in the figure above are redshifted to longer wavelengths because of the 

expansion of the universe. 
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Figure 2.6: Full spectrum of the emission line galaxy shown in Figure 2.4. In this image, 

emission and absorption lines are labeled.  

 

The shape of emission lines is determined by a number of factors. The 

Maxwell-Boltzmann velocity distribution describes the number of particles, n, having 

a range of speeds dv for a gas in thermodynamic equilibrium: 

        
 

    
                     . (2.3.1) 

A spread in the velocity of particles corresponds to a spread of the particle emission 

in wavelength space given by 

  

 
  

  

 
  . (2.3.2) 

The motion of the gas around the center of the galaxy also adds to the distribution of 

wavelengths. The side of the galaxy moving towards us is slightly blueshifted and the 

gas moving away is slightly redshifted. Other factors such as emission coming from 
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different gas clouds in the galaxy complicate the true structure of emission lines. 

However, a Gaussian fit to the emission line is a close enough approximation.  

Three important quantities can be garnered from the profile of emission lines. 

A Gaussian fit determines the centroid, peak flux, and width of the line. The centroid 

determines the redshift, z, of the galaxy, where 

      
         

       
  . (2.3.3) 

Redshifts are caused by the expansion of the universe and are helpful in determining 

distances. Cosmic expansion causes wavelengths to be shifted towards the red end of 

the spectrum similarly to the Doppler shift.         refers to the measured 

wavelengths in vacuum. The amount of shift is proportional to the distance of an 

object. So a lower redshift indicates a closer object.  

The total flux is a useful quantity for comparing emission lines. These relative 

ratios aid in the understanding of physical processes occurring in galaxies. The 

equivalent width is the width of the stellar component corresponding to the same total 

flux as the emission line.  

 

SECTION 2.5: Data Analysis 

The SDSS pipeline automatically reduces the spectroscopic images to correct 

for bias, dark current, and telluric (sky) absorption. These are all standard corrections 

that must be made for spectroscopic data. To extract the emission line parameters, a 

fit to the stellar component was done by masking the emission lines. The stellar 

component must be fit because it contains superfluous information for determining 

the flux of the emission lines; it can be considered as an offset from zero flux. 
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Additionally, the Balmer lines contain both an emission and absorption feature in 

galactic spectra. The fit to the stellar component, which includes all the Balmer lines, 

removes the absorption line so that the emission line can properly be fit. 

Software written in Interactive Data Language (IDL) was used to determine 

best fits to the stellar component and the emission lines.  Details of the software can 

be found in Rupke et al. (2010). The program was modified for use here to automate 

the fitting of multiple galaxies and input initial values of the stellar redshift, gas 

redshift, and galaxy velocity dispersion to assist the fitting of the stellar component. 

The redshift of the interstellar gas was estimated by SDSS from the emission lines 

and was taken from the header of the image. The stellar redshift was calculated by 

fitting the Calcium K line. This line was used because other emission or absorption 

lines nearby do not contaminate it and it is strong enough to be found in all spectra. 

The galaxy velocity dispersion is related to the width of the emission lines. For an 

initial input into the program, the Hα equivalent width was used. 

Fitting of the emission lines was completed using a non-linear least squares 

curve fitting. The fit was iterated to reduce the residuals. All line widths were fixed to 

the width of Hα for each particular galaxy. This assumes that every emission line 

comes from the same gas, which is a fair approximation. 

A subset of the sample did not have strong enough emission lines to produce a 

reliable fit. The Hα line was used because of its relative strength compared to other 

lines. When the ratio of the peak flux of the Hα line to the standard deviation of the 

stellar component immediately around the line was less than 7, the emission lines 



27 
 

were not fit. The cutoff value of 7 was determined by visually comparing stellar and 

emission line fits to this ratio to define the cutoff value for reliable fits. 

Figures 2.7 through 2.9 demonstrate examples of the fitting software. For 

comparison purposes, a representative good fit and bad fit is shown. The good fit 

example includes both the fit to the stellar continuum and the emission line fits. Since 

no emission lines were fit for the bad fit, that example only includes the fit to the 

stellar continuum. 

 

 

Figure 2.7: Stellar component fit representing a good fit. This galaxy is the same as the 

emission line galaxy in Figures 2.3 and 2.4. The white plot is the data and the red plot is the 

fit to the stellar component. Notice the lack of emission lines because they have been masked 

to produce a reliable fit. The Balmer absorption lines are easily viewable as the strongest 

absorption lines.  
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Figure 2.8: Emission line fits for the same galaxy as in Figure 2.7. The emission line fit is 

labeled at the top of each box. The white plot represents the data, the blue is the emission line 

fit, and the red is the emission and stellar component fit together. The top box for each line 

shows the fit to the emission line. The bottom box shows the residuals. 
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Figure 2.9: Stellar component fit representing a bad fit that was not used. The galaxy 

presented here is the same as the absorption galaxy shown in Figure 2.2. Compare this fit to 

Figure 2.7. Note how the fit over- and underestimates the true nature of the stellar 

component. 

 

SECTION 2.6: Summary 

 Two data samples comprising 221 blue elliptical galaxies were studied using 

spectroscopy from the Sloan Digital Sky Survey. Software written in IDL determined 

the flux for each prominent emission line. After interstellar extinction is corrected for, 

ratios of these fluxes can be used to determine the source of the emission lines in each 

galaxy. 

 

  



30 
 

CHAPTER 3: DATA ANALYSIS 

 Before the fluxes for each emission line can be properly used, the effects of 

interstellar extinction must be corrected so that the intrinsic fluxes for each line is 

studied. Chapter 3 describes how this is done and how the intrinsic flux for each line 

is then used to investigate the source of emission lines for each galaxy. Using these 

intrinsic fluxes, the metallicity for each galaxy can also be computed. 

 

SECTION 3.1: Interstellar Extinction 

The area between stars, known as the interstellar medium (ISM), is full of gas 

and dust. This dust scatters and absorbs light, causing an observer to receive a lower 

flux than originally emitted from the source. Dust also causes a reddening in spectra 

because it absorbs some of the energy of incoming photons. This absorbed energy is 

re-emitted in the infrared as thermal radiation. Extinction is the measurement of how 

much light is scattered or absorbed. The amount of extinction at a particular 

wavelength is given by   , defined as 

               ,    (3.1.1) 

where           is the difference between the observed magnitude, m, and the 

intrinsic, or dust free, magnitude, m0, at a particular wavelength, λ.  

The amount of extinction is wavelength dependent. Understanding how 

extinction depends on wavelength is a necessary step towards being able to correct 

for this extinction. The color excess reflects the difference in extinction for two 

distinct wavelengths x and y: 

                . (3.1.2) 
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The most commonly cited color excess is E(B-V). 

Cardelli et al. (1989) derived an extinction law in terms of the visual portion 

of the spectrum, A(V). This extinction law A() / A(V) depends on only one 

parameter,   . For the diffuse interstellar medium    = 3.1 and is defined as 

     
  

      
 . (3.1.3) 

 

The mean extinction law is given by the following, where x is the wavelength under 

investigation: 

 
    

    
        

    

  
 . (3.1.4) 

For the optical and near-infrared portion of the spectrum, where          

            and y= (x - 1.82), the values a(x) and b(x) are given by: 

 

                                          

                                             (3.1.5), and 

 

                                        

                                              .  (3.1.6) 

 

 

The ratio of total fluxes in the Hα and Hβ lines is of vital importance in 

determining the amount of dust reddening because Hα and Hβ are strong lines and 

their flux ratio varies minimally with changing physical conditions. The ratio will 

depend on the density and temperature of the gas. For a temperature of 10,000 K and 

a density of 10
2
 cm

-3
, typical of warm, ionized interstellar gas, the Balmer intensity 

for Hα relative to Hβ, given by Hummer & Storey (1987), is 

      

      
      .  (3.1.7) 
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To determine the extinction coefficient A(V), four values are needed:  

 

             , (3.1.8) 

 

             , (3.1.9) 

 

                          , (3.1.10) 

 

                          . (3.1.11) 

 

The first two terms can be computed using Equation 3.1.4. The third term in known 

from Equation 3.1.7 and the fourth term is measured.  

The extinction coefficient A(V) for each galaxy is needed to correctly 

deredden the measured, extincted fluxes. The derivation for A(V) is given below and 

starts with the definition of absolute magnitude: 

                  + C . (3.1.12) 

The difference in the intrinsic magnitudes of Hα and Hβ can then be written as 

                                                        ,  (3.1.13) 

and in a simplified form as  

                          
       

       
  . (3.1.14) 

Similarly, the extincted magnitudes are  

                          
       

       
  . (3.1.15) 

Combining the two previous equations and grouping similar terms yields 
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  .

 (3.1.16) 

From Equation 3.1.1 the left side can be rewritten in terms of the extinction value 

                   
 
   

   
           

 
   

   
           

  .  (3.1.17) 

 

Multiplying by A(λ) / A(V) returns the value of A(V) 

 

      

        
 
   

   
           

 
   

   
           

 
   

    
  

   
    

   .  (3.1.18) 

 

 

 

All of these quantities used to determine A(V) are either measured or known. 

For galaxies with computed A(V) values less than zero, A(V) was set to zero.       

A(V) < 0 is not physically meaningful and is due to weak emission lines causing 

slight errors in the measured extincted line fluxes. This only occurred in eighteen of 

the 128 galaxies with measurable line fluxes. Of the positive values measured, 0.033 

≤ A(V) ≤ 2.328.  

The amount of extinction in the ISM, A(V), will vary for each galaxy. Using 

Equation 3.1.18 the quantity A(λ) / A(V) can be computed for each of the ten 

prominent emission lines. Equation 3.1.18 can then be used to determine the 

unextincted flux: 

                                     .  (3.1.19) 

Solving for the unextincted, intrinsic flux yields 

        
 
  
  

  
  
   

 
         .   (3.1.20) 
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SECTION 3.2: Emission Line Diagnostics 

Emission-line galaxies can be classified as pure star-forming, hosting an 

Active Galactic Nucleus (AGN), or a composite of both star formation and AGN. 

AGNs are very dense regions at the centers of galaxies responsible for high amounts 

of electromagnetic radiation. AGNs typically harbor supermassive black holes at their 

center with surrounding accretion disks. Much of the AGN radiation comes from 

photoionization and collisional shocks around the accretion disk. Furthermore, AGNs 

can be sorted into two subclasses known as Seyfert galaxies or low-ionization nuclear 

emission-line regions (LINERs). The prevailing theory is that Seyferts have higher 

rates of accretion onto the black hole than LINERs. 

With the fluxes calibrated for dust reddening, the interesting physical 

parameters can begin to be understood. The ratios of various emission lines are 

commonly used to investigate properties of galaxies because they are independent of 

more subjective qualities such are morphology. One of the main considerations in 

choosing a useful set of line ratios is to account for and include the various types of 

excitation mechanisms. Gas in galaxies is excited either by photoionization from stars 

or active galactic nuclei or collisional shocks between gas clouds. Baldwin et al. 

(1981) devised a set of three diagrams to account for different methods of excitation 

and properly classify different types of galaxies. Galaxies are complicated enough so 

that multiple line ratios must be considered. In choosing which line ratios to utilize, 

the wavelength separation between the two lines should be small enough to minimize 

differences in interstellar extinction. Ratios involving one of the Balmer lines are 
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advantageous because they are less sensitive to changes in metallicity (Veilleux & 

Osterbrock 1987). 

These BPT diagrams, named after the three authors, compare the following 

line ratios: 

 

                                           , (3.2.1) 

 

                                             , and (3.2.2) 

 

                                           . (3.2.3) 

 

The location of a galaxy on each of these plots reveals how the galaxy can be 

classified. The Balmer lines Hα and Hβ are photoionized by stars and active galactic 

nuclei. Doubly-ionized oxygen, [O III], has a high ionization potential, so is best 

ionized by an AGN. Therefore, a low [O III]/Hβ value indicates primarily star 

formation happening in the galaxy and a high value indicates AGN activity. Likewise, 

[N II], [S II], and [O I] are collisionally-excited by collisions that occur in shocks and 

AGN. So low values involving those lines will also indicate star formation and higher 

values are indicative of the presence of an AGN or collisional shocks. 

On these BPT diagrams, Kewley et al. (2001) used photoionization models to 

devise a theoretical maximum starburst line. Galaxies that lie above this line are most 

likely AGN dominated. Kauffmann et al. (2003) later added in a line to separate the 



36 
 

pure star-forming galaxies and those galaxies that are both star-forming and have an 

AGN.  

 

For the [N II] / Hα diagrams, pure star-forming galaxies lie below the line 

                                                          . (3.2.4) 

Star-forming and AGN galaxies lie between Equation 3.2.4 and  

                                                           .  (3.2.5) 

 

For the [S II] / Hα diagram, star-forming galaxies lie below the line 

                                                         . (3.2.6) 

Furthermore, the Seyfert/LINER dividing line is given by 

                                                  ,  (3.2.7) 

where Seyferts lie above both that line and the star-forming division line. LINERs lie 

below Equation 3.2.7 and to the right of the star-forming line. 

 

For the [O I] / Hα diagram, the star formation line is given by 

                                                          , (3.2.8) 

and the Seyfert/LINER division is given by 

                                                .  (3.2.9) 

Figures 3.1-3.6 present the three BPT diagrams for the Wei and SDSS samples based 

on the data I calculated.  
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Figure 3.1: [N II]/Hα diagram for the 128 SDSS sample galaxies that had measureable 

emission fluxes. The galaxies under the red curve are pure star-forming galaxies. Those 

between the red and black curves have star formation and AGN activity. Galaxies outside the 

black line primarily have AGN activity. 

 

 

 
Figure 3.2: [S II]/Hα diagram for the 128 SDSS sample galaxies. Those galaxies under the 

red curve are classified as star-forming while those outside the red curve have an AGN. The 

purple line further separates the AGN galaxies into Seyferts (top) and LINERs (bottom). 
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Figure 3.3: [O I]/Hα diagram for the 128 SDSS sample galaxies. Galaxies under the curve are 

classified as star-forming while those outside the red curve have an AGN. The purple line 

further separates the AGN galaxies into Seyferts (top) and LINERs (bottom). 

 

 

 
Figure 3.4: [N II]/Hα diagram for the 12 Wei sample galaxies with measurable emission line 

fluxes. The galaxies under the red curve are pure star-forming galaxies. Those between the 

red and black curves have star formation and AGN activity. Galaxies outside the black line 

primarily have AGN activity. 
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Figure 3.5: [S II]/Hα diagram for the 12 Wei sample galaxies with measurable emission line 

fluxes. Those galaxies under the red curve are classified as star-forming while those outside 

the red curve have an AGN. The purple line further separates the AGN galaxies into Seyferts 

(top) and LINERs (bottom). 

 

 

 
Figure 3.6: [O I]/Hα diagram for the 12 Wei sample galaxies with measurable emission line 

fluxes. Galaxies under the red curve are classified as star-forming while those outside the red 

curve have an AGN. The purple line further separates the AGN galaxies into Seyferts (top) 

and LINERs (bottom). 
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To statistically analyze these samples, the [N II]/Hα diagram was primarily 

used because it has a more robust requirement for star-forming galaxies and separates 

galaxies into pure star-forming, composite (star-forming and AGN), and pure AGN 

regions. The [S II]/Hα and [O I]/Hα diagrams provide a comparison to ensure that a 

clean sample of pure star-forming galaxies is selected. A galaxy must be classified as 

star-forming in at least two of the diagrams to be officially classified as star-forming.   

Of the 128 SDSS sample galaxies, 47 (37%) are classified as pure star-

forming, 45 (35%) are classified as composite, and 36 (28%) are classified as pure 

AGN. 

Nine galaxies from the Wei sample are classified as pure star-forming. One is 

classified as a composite galaxy and the final two are determined to have AGN. 

 

SECTION 3.3: Metallicity from Emission Lines 

The metallicity of the two samples was found using the O3N2 method from 

Pettini & Pagel (2004, PP04). This method uses the dereddened line flux ratios of [N 

II]/Hα and [O III]/Hβ to determine the metallicity. The ratio between the two is given 

as 

O3N2   log{ ( [O III] / Hβ) / ( [N II] / Hα) } . (3.3.1) 

This is a useful ratio for a number of reasons. Both ratios utilize emission lines that 

are similar in wavelength to reduce the effect of dust reddening. O3N2 is highly 

sensitive to the oxygen abundance. Specifically, at moderate to high metallicities, 

where 12+LOG(O/H) ≥ ~8, [N II] tends to saturate but [O III] decreases with 

increasing metallicity. Using O3N2, the metallicity is then given by the relation 
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12 + log(O/H) = 8.73 -0.32(O3N2) .   (3.3.2) 

However, the PP04 method is only valid when O3N2   2. For the SDSS data, 

                 . For the Wei sample,                 . Thus, the 

PP04 method is a valid method to calculate the metallicity of both samples. 

Tremonti et al. (2004, T04) also investigated the luminosity-metallicity 

relationship for 53,000 star-forming galaxies from the SDSS. For comparison, the 

PP04 metallicities were converted to the T04 metallicities using a method derived in 

Kewley & Ellison (2008): 

        
 

 
                                   

 

 
        

                  
 

 
       

                  
 

 
       

  . (3.3.3) 

This conversion is purely empirical and is based on studying large numbers of 

galaxies. 

The T04 metallicity method uses all of the optical strong emission lines, 

theoretical photoionization models, and theoretical stellar population synthesis 

models to statistically determine the metallicity. Because the Wei sample did not 

include the [O II] line, it was not possible to directly calculate metallicities using the 

T04 method. 

Only the metallicity of those galaxies classified as pure star-forming by the [N 

II] / Hα diagram were computed. This was done to minimize the effects of AGN 

contamination producing enhanced metallicities not indicative of the true metallicity 

in galaxy due to star formation. This left nine galaxies from the Wei sample and 

forty-seven from the SDSS sample.  
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CHAPTER 4: BLUE ELLIPTICALS AND THE MASS-

METALLICITY RELATION 

 With the metallicity for each of the star-forming galaxies computed, the 

luminosity-metallicity and mass-metallicity relationships for these galaxies can now 

be investigated. The blue elliptical galaxies will be compared to the known median 

distribution for large samples of all galaxy types. The location of the blue elliptical 

galaxies will be insightful as to the origin of the blue color.  

 

SECTION 4.1: Luminosity-Metallicity Relationship 

The photometric data taken by SDSS includes apparent magnitude data taken 

with u’, g’, r’, i’, and z’ filters. Absolute magnitudes are computed using the distance 

modulus given in Equation 1.2.3. The redshift is used to determine distances to each 

galaxy. The following values for cosmological parameters taken from Carroll et al. 

(1992) are used: 

Hubble Constant: 70 km/s/Mpc 

Curvature Constant: 0 (indicating a flat universe) 

Matter Density: 0.3 

Cosmological Constant: 0.7 

Deceleration Parameter: -0.55 

 

With absolute magnitude and metallicity measurements for each galaxy in the 

SDSS and Wei samples, the luminosity-metallicity can be examined. The T04 



43 
 

metallicities are used for comparison purposes. The 50
th

 percentile of the distribution 

in metallicity from the 53,000 galaxies in T04 is plotted to provide comparison. 

 

 
Figure 4.1: Luminosity-metallicity relationship for the SDSS sample. The green pluses are 

the SDSS galaxies. The black line represents the 50
th
 percentile distribution of galaxies from 

Tremonti et al. (2004).  

 

The SDSS sample closely clusters slightly above the line from Tremonti et al. 

(2004). For additional comparison, the SDSS and the Wei sample are presented 

together in Figure 4.2. 
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Figure 4.2: Luminosity-metallicity relationship for both the SDSS sample and the Wei 

sample. SDSS galaxies are the green pluses. Wei galaxies are the blue triangles. Once again, 

the black line represents the 50
th
 percentile distribution of galaxies from Tremonti et al. 

(2004). 

 

The Wei galaxies cluster in a higher Mg range, between -15.70 and -17.84. In 

comparison the SDSS galaxies cluster in a range between -19.88 and -21.36. The 

smaller Mg SDSS values indicate a higher average mass in comparison to the Wei 

sample. 

In comparison to the T04 50
th

 percentile line, both the SDSS sample and the 

Wei sample lie above the trend. However, the limited sample size of the Wei sample 

makes it difficult to tell if this is a significant trend or one enhanced by the small 

sample. Additionally, the T04 50
th

 percentile line does not extend to some of the 

lower luminosities where the Wei sample resides.  
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SECTION 4.2: Mass-Metallicity Relationship  

As before with the bimodality of galaxy distributions, it is instructive to look 

at the mass-metallicity relationship for the galaxies studied here. However, masses 

are currently only available for the Wei sample. The best fit for the mass-metallicity 

relationship using the T04 metallicity calibration method, as determined by Kewley & 

Ellison (2008) is: 

       
 

 
                             

                                     . (4.2.1) 

 

 
Figure 4.3: Mass-metallicity relationship for the Wei sample. The stellar mass, M, is given in 

units of the solar mass, M


.  The galaxies are plotted as the blue triangles. The black line 

represents the best fit to the T04 metallicity calculation given by Kewley & Ellison (2008). 

 

 

Once again, the Wei sample appears to lie slightly above the best-fit line. The 

four galaxies that lie significantly above the line might be an indication that blue 

ellipticals, on average, have higher metallicities than other galaxies of similar mass 

and luminosity.  
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Based on the relative positions of the SDSS sample and the Wei sample in 

Figure 4.2, it can be estimated where the SDSS sample would lie on the mass-

metallicity chart. The best-fit line starts to level out around        
 

 
  = 9. The 

bottom edge of the SDSS metallicities are also around        
 

 
  = 9. The higher 

masses of the SDSS sample, indicated by their higher Mg, would suggest that the 

SDSS sample would lie above the best-fit line on the mass-metallicity plot. However, 

at this time, the SDSS sample does not have masses computed, so this suggestion is 

purely hypothetical. 
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CHAPTER 5: CONCLUSIONS 

Evolutionarily, elliptical galaxies are the final stage. The bimodal distribution 

of galaxies shows that elliptical galaxies are redder and lack star formation. They 

have used up all of the gas to create stars. So the presence of blue, star-forming 

elliptical galaxies raises questions about the origin of the blue color.   

For both the luminosity-metallicity and mass-metallicty relationship, the blue 

elliptical galaxies have higher metallicities than the median value for galaxies of 

similar luminosity and mass. There are a number of scenarios that could explain the 

origin of this higher metallicity gas. 

Mannucci et al. (2010) found that galaxies with higher star formation rates 

have higher metallicities. The higher metallicites found for the SDSS and Wei 

samples would appear to indicate higher star formation rates in a type of galaxy 

usually devoid of star formation. This could be the final act of star formation in 

elliptical galaxies where the gas has already been enriched by previous generations of 

star formation. However, the star formation rates in these galaxies are still relatively 

small, so this is probably not the root cause of the increased metallicity. 

Higher metallicity gas increasing the global metallicity of the galaxy could be 

coming from somewhere outside the galaxy. Infalling gas from the intergalactic 

medium is one possibility. Typically, though, gas in the intergalactic medium is of 

lower metallicity than galaxies. But, galaxies with high star formation rates typically 

have large outflows of metal-rich gas into the intergalactic medium caused by 

supernovae or AGN. These outflows could increase the metallicity of the intergalactic 

medium, which could then fall back in onto the galaxy over long time scales. 
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Another possibility is a merger of two galaxies. A red elliptical galaxy could 

have merged with a smaller, bluer galaxy in a process that would not significantly 

alter the morphology of the elliptical galaxy but provide metal-rich gas that would 

increase the metallicity of the elliptical. In this scenario, the smaller galaxy should 

have lower metallicity based on the mass-metallicity relationship. So this metal-poor 

gas would have to be enriched somehow, possibly by mixing with the small amounts 

of remaining gas in the elliptical. 

One way to distinguish these possibilities would be to study the galaxy 

morphologies in more detail to determine which ones show signs of a merger with 

another galaxy. 
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APPENDIX A 

 
Table A: Determined values for SDSS sample galaxies. 

 

SDSS Object ID
1
 RA

2
 DEC

3
 Redshift

4
 u-r

5
 Mr

6
 Mi

7
 A(V)

8
 

12 + 

LOG(O/H)
9
 

Emission 

Line 

Class
10

 

587722982272925748 11:23:27.0 -00:42:48.8 0.04079 1.606 -20.86 -21.19 0.155 8.733 SF 

587722982276923512 12:00:04.3 -00:45:34.5 0.04713 2.088 -21.17 -21.52 0.000 8.676 SF + AGN 

587722982299271230 15:23:47.1 -00:38:23.0 0.03735 1.998 -20.79 -21.21 0.920 8.800 SF 

587722983351582785 12:08:23.5 +00:06:37.0 0.04077 2.038 -21.62 -20.93 0.526 8.814 SF 

587722984440463382 14:26:13.0 +00:51:38.1 0.03174 2.035 -20.89 -21.17 1.010 8.631 AGN 

587724198282133547 01:41:43.2 +13:40:32.8 0.04532 1.432 -21.64 -21.99 0.555 8.772 SF 

587724199351812182 01:03:58.7 +15:14:50.1 0.04178 2.261 -21.29 -21.75 2.237 8.782 SF 

587724199355285539 01:36:19.4 +14:36:24.6 0.03373 2.310 -20.81 -21.22 0.000 8.685 SF + AGN 

587724231570817120 01:44:26.2 +13:09:35.5 0.04502 2.152 -20.89 -21.28 0000 8.747 SF + AGN 

587724242298077193 02:25:22.1 -07:51:06.1 0.03930 2.243 -20.76 -21.18 1.232 8.704 SF + AGN 

587724650327113796 11:26:40.7 -01:41:37.6 0.04635 1.857 -21.96 -22.32 0.000 8.495 AGN 

587725491599835179 17:18:56.0 +57:22:18.8 0.03156 1.993 -20.99 -21.36 0.737 8.678 SF + AGN 

587725550139408424 12:35:02.6 +66:22:33.4 0.04691 1.959 -21.78 -22.14 0.799 8.849 AGN 

587725773460733977 08:15:50.5 +47:48:39.6 0.04016 2.185 -21.25 -21.64 0.770 8.716 SF + AGN 

587725979615559791 08:36:14.9 +52:12:09.1 0.04813 1.906 -20.81 -21.23 1.152 8.495 AGN 

587725981226107027 08:29:09.1 +52:49:06.9 0.02498 1.835 -21.04 -21.39 0.940 8.802 SF 

587726014009573396 14:11:17.7 +01:16:31.0 0.02498 2.299 -20.71 -21.08 0.913 8.744 SF + AGN 

587726016149454996 13:02:10.8 +03:06:23.8 0.04724 2.065 -22.45 -22.81 0.291 8.782 SF + AGN 

587726031175548968 12:06:47.2 +01:17:09.8 0.04105 2.207 -21.22 -21.61 0.843 8.743 SF 

587726031691514020 08:55:50.3 +00:49:52.1 0.04174 2.031 -20.91 -21.28 0.233 8.739 SF + AGN 
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587726032780066885 11:11:06.9 +02:28:48.0 0.03527 2.259 -20.85 -21.25 0.138 8.403 AGN 

587726033307238543 09:42:07.7 +02:28:05.1 0.04829 2.361 -21.32 -21.77 0.505 8.655 AGN 

587726033878122590 14:53:40.0 +02:55:14.4 0.04452 1.876 -20.70 -21.11 0.081 8.775 SF + AGN 

587727221414494275 00:09:07.9 +14:27:55.8 0.04142 2.219 -21.36 -21.79 1.746 8.442 AGN 

587727221944746290 23:06:54.9 +14:11:30.3 0.03995 2.298 -20.66 -21.12 2.328 8.667 AGN 

587727221949005979 23:47:03.8 +14:50:30.4 0.02209 2.157 -20.91 -21.25 0.039 8.568 AGN 

587728879266562060 10:16:28.4 +03:35:02.7 0.04851 2.380 -21.75 -22.16 2.296 8.741 SF 

587728905563603159 07:56:49.9 +34:49:52.6 0.04097 2.039 -21.02 -21.41 0.492 8.783 SF + AGN 

587728920059183194 14:43:05.3 +61:18:38.6 0.04794 1.344 -21.68 -22.06 0.302 8.554 SF + AGN 

587728948511637597 10:08:47.8 -00:16:11.3 0.04513 2.239 -22.08 -22.47 1.490 8.718 SF + AGN 

587728949049557028 10:18:06.7 +00:05:59.7 0.04858 2.307 -21.70 -22.13 0.885 8.553 AGN 

587728949584658573 10:02:22.5 +00:33:31.0 0.04426 2.221 -20.82 -21.19 0.790 8.766 SF + AGN 

587729159518945292 15:22:01.9 +03:45:06.3 0.03718 2.424 -22.14 -22.56 0.194 8.731 SF + AGN 

587729160046510114 13:57:07.5 +05:15:06.8 0.03970 2.158 -21.86 -22.25 1.369 8.814 SF 

587729227683659793 14:51:15.7 +62:00:14.6 0.04297 2.173 -21.37 -21.75 1.335 8.730 SF 

587729407542624367 16:43:23.1 +39:48:23.2 0.03009 2.350 -21.82 -22.22 0.427 8.637 AGN 

587729408611647550 16:10:51.8 +48:54:39.2 0.04510 1.995 -21.00 -21.31 0.140 8.376 AGN 

587729408622723373 17:23:24.9 +27:48:46.3 0.04856 2.017 -21.48 -21.86 0.741 8.790 SF 

587729751674323201 17:04:08.7 +31:29:02.4 0.03302 2.318 -21.27 -21.67 0.906 8.809 SF + AGN 

587729778516820024 14:06:56.4 -01:35:41.0 0.02920 2.127 -21.22 -21.61 1.508 8.764 SF 

587730773351006383 23:51:29.1 +14:04:06.2 0.03928 2.029 -21.07 -21.45 0.033 8.649 AGN 

587730816286785593 22:15:16.2 -09:15:47.6 0.03839 1.707 -21.56 -21.95 0.446 8.673 SF 

587731186744950905 00:38:14.7 +00:12:37.5 0.04448 2.311 -21.01 -21.38 0.000 8.625 SF + AGN 

587731500261834946 10:54:37.9 +55:39:46.0 0.04785 1.976 -21.12 -21.51 1.390 8.807 SF 
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587731501332430930 10:06:04.3 +53:42:53.5 0.04419 1.613 -21.11 -21.47 0.000 8.537 SF + AGN 

587731512617402577 03:01:26.2 -00:04:25.5 0.04292 2.156 -21.00 -21.44 1.590 8.709 SF 

587731513696845940 03:53:34.8 +00:48:50.5 0.03775 1.753 -19.82 -20.35 1.470 8.692 SF + AGN 

587731514229784683 03:17:49.3 +01:13:37.2 0.03683 2.200 -21.08 -21.47 0.975 8.468 AGN 

587731521207730241 09:13:23.7 +43:58:34.2 0.04297 2.176 -21.53 -21.96 1.973 8.793 SF 

587731874461974650 08:12:25.5 +37:43:48.8 0.03852 1.448 -21.06 -21.40 0.246 8.689 SF + AGN 

587731887347662946 08:21:49.6 +39:14:49.6 0.02819 2.022 -21.61 -20.98 1.434 8.625 SF + AGN 

587731889505632389 12:20:37.4 +56:28:46.2 0.04378 2.238 -20.94 -21.33 0.362 8.730 SF + AGN 

587732054318645354 09:05:37.2 +41:05:32.2 0.04131 2.342 -21.75 -22.15 0.549 8.681 AGN 

587732134844366940 11:06:21.4 +50:23:16.8 0.03990 2.011 -21.01 -21.41 0.627 8.503 AGN 

587732135382089788 11:17:33.3 +51:16:17.7 0.02762 2.332 -21.47 -21.84 2.064 8.634 AGN 

587732135921057870 11:47:41.7 +52:26:55.8 0.04827 2.226 -21.91 -22.27 0.173 8.718 SF + AGN 

587732157389013064 07:54:20.6 +25:51:33.2 0.04167 2.011 -20.92 -21.33 0.763 8.758 SF 

587732469849653424 08:29:30.0 +31:40:31.7 0.01830 2.090 -20.68 -21.07 0.272 8.737 SF + AGN 

587732471463411876 08:53:11.4 +37:08:06.5 0.04980 2.063 -21.62 -22.07 1.711 8.807 SF 

587732582592479319 11:05:59.0 +58:56:45.8 0.04761 2.435 -22.10 -22.52 0.000 8.554 AGN 

587732769982906490 12:20:23.1 +08:51:37.1 0.04880 2.086 -21.03 -21.43 1.958 8.687 SF + AGN 

587732772653957258 10:17:06.8 +09:36:22.6 0.04383 1.588 -20.95 -21.25 0.041 8.733 SF + AGN 

587733081351258168 12:40:55.5 +55:27:15.2 0.03177 2.357 -21.48 -21.87 0.000 8.685 AGN 

587733397559902223 14:01:55.2 +51:31:10.3 0.04120 2.291 -21.00 -21.36 0.000 8.462 AGN 

587733398642688031 15:47:44.1 +41:24:08.3 0.03266 2.156 -21.01 -21.37 0.357 8.469 AGN 

587733411518808182 14:02:48.8 +52:30:00.8 0.04363 1.893 -20.72 -21.05 0.789 8.778 SF 

587733412055941186 14:07:47.2 +55:38:09.7 0.04378 1.812 -20.94 -21.28 0.954 8.811 SF 

587733412064788620 15:50:00.5 +41:58:11.2 0.03391 1.879 -20.95 -21.33 0.986 8.806 SF 
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587733412068261940 16:19:32.4 +36:31:16.3 0.03628 2.225 -21.33 -21.74 1.161 8.718 SF + AGN 

587733432459788474 16:51:16.7 +28:06:52.5 0.04724 1.921 -21.59 -22.00 0.977 8.731 SF 

587733604808524062 16:56:20.3 +32:10:27.4 0.03674 2.340 -21.43 -21.82 0.000 8.630 SF + AGN 

587734303266308145 22:05:15.4 -01:07:33.4 0.03165 2.001 -21.26 -21.64 0.874 8.634 AGN 

587734622705811566 08:44:37.8 +32:54:23.2 0.03133 2.086 -20.89 -21.22 1.402 8.729 AGN 

587735348575535135 12:23:23.8 +15:10:18.8 0.04232 2.252 -22.08 -22.50 0.054 8.709 SF + AGN 

587735742615388296 15:53:35.6 +32:18:20.6 0.04994 1.789 -21.08 -21.40 0.167 8.661 SF 

587736477586554950 16:47:47.7 +11:16:27.0 0.03932 1.911 -21.22 -21.58 1.295 8.733 SF 

587736542015127621 13:52:00.4 +08:52:55.3 0.03769 1.909 -21.48 -21.83 1.146 8.729 SF + AGN 

587736584980463705 16:44:30.8 +19:56:26.7 0.02297 1.873 -20.64 -20.99 0.983 8.764 SF 

587736941986250794 15:06:24.2 +32:25:51.0 0.04330 2.236 -21.21 -21.55 0.550 8.622 AGN 

587738067267878973 07:59:12.4 +53:33:26.0 0.03472 1.657 -20.93 -21.26 0.964 8.810 SF 

587738067269255432 08:10:20.1 +56:12:26.3 0.04624 2.130 -20.83 -21.32 0.630 8.759 SF 

587738568174534706 13:34:09.4 +13:16:51.0 0.04411 2.246 -22.10 -22.50 1.039 8.675 SF + AGN 

587738574070939706 13:24:58.2 +39:07:06.4 0.03725 2.284 -20.81 -21.18 0.562 8.744 SF + AGN 

587738946685304841 12:37:15.7 +39:28:59.3 0.02035 2.156 -20.99 -21.32 0.000 8.695 AGN 

587738947194519672 07:56:36.3 +18:44:17.7 0.03989 2.088 -21.51 -21.92 0.983 8.749 SF 

587739115234394179 07:56:08.7 +17:22:50.5 0.02885 2.211 -20.82 -21.24 1.244 8.706 SF 

587739156580597805 10:01:01.9 +31:12:17.1 0.04375 2.091 -21.27 -21.67 0.064 8.411 AGN 

587739165700653215 16:09:07.3 +21:52:03.8 0.03136 2.190 -20.82 -21.25 0.938 8.658 AGN 

587739406262468657 15:18:09.6 +25:42:11.5 0.03263 1.960 -20.85 -21.22 1.301 8.860 SF 

587739406268039264 16:07:54.0 +20:03:03.8 0.03172 1.487 -20.55 -20.87 0.119 8.623 SF 

587739506086707246 13:26:20.8 +31:41:59.9 0.04998 1.930 -22.04 -22.41 0.964 8.767 SF 

587739648357826596 11:31:22.0 +32:44:22.9 0.03359 2.015 -21.63 -22.03 1.002 8.791 SF 
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587739810496512078 15:44:51.5 +17:51:22.5 0.04510 1.994 -21.40 -21.79 1.292 8.738 SF 

587739814246023211 16:25:38.1 +16:27:18.1 0.03443 2.430 -22.26 -22.70 1.660 8.632 AGN 

587739814778634376 15:49:59.8 +21:11:22.7 0.03490 2.184 -20.70 -21.10 0.579 8.755 SF + AGN 

587741490887852274 07:56:49.3 +13:53:49.8 0.04474 2.258 -21.50 -21.89 0.000 8.775 SF + AGN 

587741490904105107 10:25:2407 +27:25:06.3 0.04988 2.256 -21.07 -21.49 1.735 8.749 SF 

587741600427147349 13:17:39.6 +25:32:46.3 0.04548 2.118 -21.03 -21.33 0.000 8.782 SF + AGN 

587741601491845160 11:45:03.7 +26:49:39.8 0.03005 2.293 -21.27 -21.64 1.629 8.572 AGN 

587741602572730395 12:58:35.2 +27:35:47.0 0.02563 1.977 -21.72 -22.11 0.863 8.740 SF + AGN 

587741708333940769 09:40:44.5 +21:14:03.4 0.02441 2.156 -20.78 -21.12 0.000 8.400 AGN 

587741709410369692 10:05:19.9 +23:49:01.2 0.04559 2.316 -20.82 -21.23 0.653 8.703 SF + AGN 

587741709955563564 11:28:19.9 +27:37:19.6 0.03203 2.320 -20.70 -21.06 1.425 8.465 AGN 

587741723360165908 12:54:53.7 +28:25:01.1 0.02465 2.280 -20.73 -21.07 1.495 8.629 SF + AGN 

587741816781209661 09:48:09.2 +20:18:32.8 0.03963 2.084 -21.33 -21.73 0.500 8.622 AGN 

587742191508586532 11:06:47.9 +24:55:47.1 0.04846 2.132 -21.72 -22.03 0.000 8.724 SF + AGN 

588007005234856197 08:17:56.3 +47:07:19.5 0.03901 2.309 -21.12 -21.59 1.433 8.766 SF 

588010878765826140 13:01:41.4 +04:40:49.9 0.03829 2.101 -21.44 -21.80 0.161 8.784 SF 

588010879306432606 13:36:12.2 +04:44:24.3 0.03434 2.380 -21.62 -21.99 0.000 8.667 AGN 

588011102644207665 16:02:00.2 +47:52:54.8 0.04304 2.304 -21.31 -21.70 1.012 8.689 AGN 

588011125186691149 12:06:17.0 +63:38:19.0 0.03979 1.686 -21.16 -21.56 1.063 8.853 SF 

588011216991289349 14:32:22.7 +56:51:08.4 0.04300 1.864 -21.84 -22.20 0.668 8.832 SF 

588015509815558168 01:25:02.9 +00:26:39.7 0.02868 2.034 -21.57 -21.93 0.399 8.786 SF + AGN 

588017604156784724 14:14:33.2 +40:45:22.9 0.04184 1.614 -20.97 -21.32 0.000 8.518 SF 

588017604680417320 11:29:48.7 +44:13:49.9 0.04530 2.429 -22.17 -22.56 1.045 8.669 AGN 

588017606292865048 11:52:05.0 +45:57:06.6 0.04316 1.842 -20.78 -21.12 0.000 8.716 SF 
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588017626159906869 13:17:38.0 +43:48:38.3 0.02798 1.933 -21.13 -21.48 0.429 8.773 SF + AGN 

588017627759444009 10:55:46.8 +44:02:58.8 0.03718 2.270 -21.53 -21.92 0.053 8.652 AGN 

588017627778580560 14:53:23.4 +39:04:13.6 0.03152 2.134 -20.93 -21.28 0.632 8.780 SF 

588017702392430629 11:48:57.8 +11:27:18.4 0.04312 2.053 -20.74 -21.07 0.501 8.657 SF + AGN 

588017978903232631 14:17:32.6 +36:20:19.1 0.04698 1.916 -21.07 -21.40 0.200 8.804 SF 

588017979975008316 13:56:49.2 +38:18:50.8 0.03423 2.036 -20.92 -21.24 0.198 8.614 SF + AGN 

588017990148816933 12:59:48.6 +08:55:57.9 0.04612 2.177 -21.32 -21.68 0.258 8.626 AGN 

588017991233110227 14:37:33.0 +08:04:43.0 0.05000 2.353 -21.67 -22.07 2.133 8.719 SF + AGN 

588018254297038899 16:18:18.7 +34:06:40.1 0.04722 2.307 -21.63 -22.02 1.485 8.730 SF 

588295840177061984 12:19:05.9 +48:49:27.7 0.04472 2.151 -20.90 -21.25 0.493 8.728 SF + AGN 

588297863102988421 08:43:46.7 +31:34:52.6 0.04751 2.110 -20.59 -20.96 1.690 8.826 SF 

588848899365601360 10:26:54.6 -00:32:29.4 0.03456 2.137 -21.30 -21.72 2.128 8.779 SF 

 

1: Thirteen digit SDSS Object Identification Number 

2: Right Ascension in hours: minutes: seconds 

3: Declination in degrees: arcminutes: arcseconds 

4: Computed stellar redshift 

5: u-r dereddened color 

6: Absolute magnitude in the r band 

7: Absolute magnitude in the i band 

8: Extinction parameter 

9: Metallicity computed using PP04 method. 

10: Determined emission line class. Method of determination is described in Section 3.2 
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APPENDIX B 
 

Table B: Determined values for Wei sample galaxies. 

Galaxy Name
1
 RA

2
 DEC

3
 Redshift

4
 M*

5
 Mr

6
 Mi

7
 A(V)

8
 

12 + 

log(O/H)
9
 

Emission 

Line 

Class
10

 

UGC5923 10:49:07.6 +06:55:02 0.00241 1.3E+08 -16.28 -16.56 0.270 8.359 SF 

IC692 11:25:53.5 +09:59:15 0.00386 7.2E+08 -17.40 -17.58 0.000 8.349 SF 

UGC6570 11:35:50.0 +35:20:07 0.00538 3.6E+09 -18.47 -18.76 0.897 8.423 SF 

UGC6655 11:41:50.6 +15:58:26 0.00245 9.0E+07 -15.87 -16.05 0.000 8.240 SF 

UGC6805 11:50:12.3 +42:04:28 0.00386 7.9E+08 -16.49 -16.97 0.000 8.686 SF 

UGC7020A 12:02:37.1 +64:22:35 0.00500 2.2E+09 -18.11 -18.31 0.385 8.532 SF 

NGC5338 13:53:26.5 +05:12:28 0.00269 7.2E+08 -17.18 -17.48 0.310 8.601 SF 

UGC9562 14:51:14.4 +35:32:32 0.00427 7.5E+08 -17.33 -17.51 0.000 8.269 SF 

UGC6637 11:40:24.9 +28:22:26 0.00507 2.3E+09 -18.18 -18.49 0.000 8.415 SF 

NGC3011 09:49:41.2 +32:13:16 0.00611 1.6E+09 -18.02 -18.24 0.000 8.521 AGN 

NGC4117 12:07:46.1 +43:07:35 0.00319 5.0E+09 -17.83 -18.24 0.184 8.417 AGN 

NGC5173 13:28:25.3 +46:35:30 0.00813 1.9E+10 -19.94 -20.32 0.000 8.547 SF + AGN 

 

1: Galaxy name for Wei sample galaxies 

2: Right Ascension in hours: minutes: seconds 

3: Declination in degrees: arcminutes: arcseconds 

4: Computed stellar redshift 

5: Stellar Mass in units of the solar Mass (Wei et al. 2010) 

6: Absolute magnitude in the r band 

7: Absolute magnitude in the i band 

8: Extinction parameter 

9: Metallicity computed using PP04 method. 

10: Determined emission line class. Method of determination is described in Section 3.2  
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