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ABSTRACT

 Pure disk galaxies are galaxies that form and evolve without a central bulge region. This 

morphology of galaxy is relatively unexplained and has yet to be successfully simulated using 

Lambda-Cold Dark Matter (ΛCDM) model parameters. The ΛCDM model is the standard 

framework from which astronomers and physicists understand and predict the Universe due to 

confirmed predictions such as the cosmic microwave background and the large scale structure of 

galaxy clusters. However, ΛCDM has yet to have a benchmark, observationally confirmed 

prediction on the galactic scale. 

 This thesis is a study of eleven pure disk galaxies. Understanding this type of galaxy is 

very important in rectifying the incompatibility with the ΛCDM model. The method of analysis 

includes obtaining, cleaning and sky subtracting images from the Sloan Digital Sky Survey Data 

Release 7, deprojecting the images for a face on perspective, using g- and i-bands to construct 

color-index maps, using Fourier decompositions to create mode-dependent intensity ratio plots, 

surface density maps, mass-to-light ratio maps and surface brightness profiles, from which the 

radial scale length is derived. 

 The future of this area of study is vital to understand a common feature of our Universe. 

Future studies can include looking for early supernova remnants or evidence of recent active 

galactic nuclei activity in young pure disk galaxies. Surveys and photometric analysis of edge-on 

pure disk galaxies may also reveal vital information to the origin and evolution of this class of 

galaxy. bulg

ii



DEDICATION

 Dedicated to all those who helped and supported me. This work would not have been 

possible without them.

iii



LIST OF ABBREVIATIONS AND SYMBOLS

SDSS  Sloan Digital Sky Survey

DR7  Data Release 7

IRAF  Image Reduction and Analysis Facility

PGC  Principal Galaxy Catalog

ΛCDM Lambda-Cold Dark Matter

NED  NASA/IPAC Extragalactic Database

µ!  Surface brightness in magnitudes per square arcsecond in filter !

F!  Photon flux in filter !

Z!  Zero point for filter !

x  Airmass

k  Extinction coefficients

ζ  Detector zero point

p  Pixel per arcsecond of the detector

t  Exposure time

Φm  Fourier decomposition position angle of mode m

hr  Radial scale length

s  Slope

kpc  kiloparsec

iv



ACKNOWLEDGEMENTS

 I would like to thank all of those who have offered love and support during my extended 

tenure at the University of Alabama. To all the astronomy faculty and graduate students I have 

come to call colleagues and friends, may you all have continued success and happy lives. 

Roll Tide.

v



CONTENTS

ABSTRACT.....................................................................................................................................ii

DEDICATION................................................................................................................................iii

LIST OF ABBREVIATIONS AND SYMBOLS............................................................................iv

ACKNOWLEDGEMENTS.............................................................................................................v

LIST OF TABLES........................................................................................................................viii

LIST OF FIGURES........................................................................................................................ix

1. INTRODUCTION.......................................................................................................................1

2. BACKGROUND.........................................................................................................................3

3. METHOD ...................................................................................................................................6

a. Acquisition of Images..................................................................................................................6

b. Deprojections...............................................................................................................................8

c. Color-Index Maps......................................................................................................................10

d. Fourier Analysis.........................................................................................................................13

e. Surface Density Maps and Mass-to-Light Ratio Images...........................................................14

f. Radial Scale Length....................................................................................................................14

4. ANALYSIS................................................................................................................................18

5. CONCLUSIONS AND FUTURE STUDY................................................................................22



REFERENCES..............................................................................................................................24

APPENDIX A................................................................................................................................26

APPENDIX B................................................................................................................................71



LIST OF TABLES

1. Table of files.................................................................................................................................6

2. Table of scale lengths and Freeman disk types..........................................................................21

viii



LIST OF FIGURES

1. Science Images............................................................................................................................7

2. Deprojected Images.....................................................................................................................9

3. Color-Index Maps......................................................................................................................12

4. Surface Density Maps................................................................................................................15

5. Mass-to-Light Ratio Maps.........................................................................................................16

ix



CHAPTER 1: INTRODUCTION

 The standard model of a typical spiral galaxy consists of three main components: the 

central bulge region, typically host to a supermassive black hole and older stars that were formed 

in the early years of the galaxy; the flat disk that has hot, young stars and ongoing star formation; 

and the dark matter dominated halo, within which the other two structures form and are 

contained. You will find this galaxy structure model  in every astronomy text book printed since 

Hubble determined in the 1920’s that certain nebulous clouds in our galaxy were not residents of 

our own Milky Way, but much, much farther away than originally believed. It is true that this 

structure holds true for many spiral galaxies, but there are exceptions to this model that have 

been known for a long time. Pure disk galaxies are a type of spiral galaxy that lack the 

aforementioned central bulge region. 

 The existence of these galaxies is a major concern for the current understanding of galaxy 

formation. As a galaxy forms, the protogalaxy exists as a rotating sphere. As baryons gain 

angular momentum from the corotating dark matter halo they cool and condense, and collapse to 

form the disk of the galaxy. The bulge arises out of dynamical friction of this rotation as well as 

from debris (dust, ionized and molecular gasses) and the velocity dispersion is increased. The 

best model of galaxy formation, the ‘Lambda-Cold Dark Matter Model’ (ΛCDM), explains all of 

this very well, but does not predict the existence of large pure disc galaxies. ΛCDM predicts that 

galaxies will build a classical bulge with significant velocity dispersions and a three-dimensional 

shape via hierarchical mergers. Pure disc galaxies do not have these bulge structures and they are  

more common than once believed, which provides a significant contradiction that cannot be 

ignored.

1



 Pure disk galaxies are extremely common. In a volume-limited study, Buta et al. (2014) 

found that approximately 50% of 2400 galaxies to be pure disks galaxies (80% of which have 

bars). Yet, there have been very few studies to examine properties such as morphology, mass, 

luminosity and physical size. This project is a study of a small sample of pure disc galaxies that 

have been classified as SB(s)d from optical images (Buta, R. 2014a, 2014b). SB(s)d is one of the 

most common types of galactic morphology.
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CHAPTER 2: BACKGROUND

 The ΛCDM is the most widely accepted model to explain the workings of the Universe 

(Benson 2010). This is the result of the confirmation of several predictions by the model, such as 

the observation of the cosmic microwave background radiation in 1964 and the observation that 

galaxies and galaxy clusters form along filaments of dark matter as part of the large scale 

structure of the Universe. Other results of the model include a Universe that is 13.75 Gyr old and 

a break down of the universe that is 72.8% dark energy, 22.7% dark matter and 4.5% baryonic 

matter. ΛCDM is a very well tested model at the largest scales in the Universe and it is also well 

respected at smaller scales (galactic scales, for example), but lacks the big confirmation of a 

predicted observable. 

 Galaxy formation theory is far from complete. The widely accepted theory today was 

pioneered by Peebles in 1969 and Barnes & Efstathiou in 1987. Both papers point to surrounding 

structures in the expanding Universe providing the angular momentum to a collapsing 

protogalaxy cloud to help form a disc structure. Galaxies begin as baryonic matter that traces 

dark matter, which is roughly uniform (Arons and Silk, 1968; Gnedin and Hui 1998). As the dark 

matter forms halos and the potential well deepens due to gravity, the baryonic matter will settle 

in and around the well. As the baryonic matter begins to collapse, it will begin co-rotating with 

the dark matter halo and thus flatten due to the conservation of angular momentum. The baryonic 

matter with low angular momentum will settle to the center of the forming disk and pick up more 

random velocity dispersions due to dynamic mergers and friction. This contributes to formation 

of the classical bulge. Brook et. al (2011b) postulate that the best way to form a bulgeless galaxy 

is to remove this low angular momentum gas before it has a chance to settle and form the bulge. 
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One possible method of removing this gas is through supernova outflows. Supernovas that occur 

in the early stages of galactic formation can energize (both kinematically and thermally) low 

angular momentum gas, enabling it to escape the potential well of the nucleus of the galaxy and 

reside in the halo until it resettles. This gas resettles in the disc and contributes to the formation 

of disc stars. Additional outflows can be caused by the supermassive blackholes, mergers and 

galactic instabilities which promote star formation and the ejection of nearby low angular 

momentum gas (Brook et. al 2011a). The problem with obtaining supporting observational 

evidence for this theory is not only that it is very difficult to catch supernovae when they happen, 

but also finding a good young galaxy candidate and having evidence of multiple supernovae 

capable of producing these outflows. 

 Surveys studies of isolated pure disc galaxies reveal minor trends in size and evolutionary 

properties. For example, Sachedva (2013) has shown that pure disc galaxies tend to have lower 

surface brightness (undoubtedly due to the lack of bulge stars), the fraction of bulgeless galaxies 

increases with redshift, and that established bulgeless galaxy mergers will tend to contribute to 

the growth of a bulge. Sachedva went on to conclude that galaxies tend to form bulgeless and 

through interactions or secular evolution could form a bulge later in time. 

 Dwarf galaxies can also develop without a bulge. In fact, bulgeless dwarf galaxies may 

have a higher percentage among all dwarf galaxies than the percentage of bulgeless spirals 

amongst all spiral galaxies. This is due to a lower gravitational potential, which allows outflow 

sources to have a larger efficiency in removing gas and baryonic material before it settles as the 

bulge component (Dekel and Silk, 1986; Robertson et al. 2004; D’Onghia et al. 2006; Dutton 

2009; Governato et al. 2010). As such, astronomers are closest to solving the pure disk galaxies 
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mystery when studying dwarf galaxies (Kormendy 2013). To date, the closest that simulations 

have come to developing a bulgeless galaxy has been using a dwarf galaxy model (Brook et al. 

2010a). There have been no known simulations to date that can accurately simulate a large pure 

disk galaxy. 

 Perhaps the most concerning fact about pure disk galaxies is that they are common (Buta 

et al. 2014). This morphology is far from rare and yet, no viable model exists to explain them. 

The problem gets worse when the fact that many ‘classical bulge’ galaxies are being reevaluated 

as ‘pseudobulges’ (Kormendy 2013). Pseudobulges are structures that are natural products of 

secular evolution and typically have velocity dispersions and orbit orientation values larger than 

the average values of a disk structure, but lower than the average bulge structure. The term 

pseudobulge has been used to include populations both with and without classical bulges. In this 

paper, a pseudobulge is assumed to be part of a bulge structure. The galaxies in this sample likely  

lack a pseudobulge in addition to being pure disk galaxies. 

5



CHAPTER 3: METHOD

 a. Acquisition of Images

 The aim of this project is to use publicly available images of a small sample of pure disk 

galaxies in order to learn more of the physical properties of such galaxies. After the target 

galaxies were chosen, the raw .fits files were downloaded from the publicly available seventh 

data release of the Sloan Digital Sky Survey (SDSS) web site at sdss.org. The following table 

shows the Principle Galaxy Catalog designations, the SDSS identification number, run, camcol 

and field (SDSS uses the run, filter, camcol and field to identify each files) of each downloaded 

image.

PGC SDSS Filters Run Camcol Field Redshift

21919 588016840167653782 g, i 3635 3 36 0.015

22096 587741421632291000 g, i 5045 4 45 0.016

26329 587729387678400585 g, i 2243 5 161 0.014

30322 587729387683119130 g, i 2243 5 233 0.004

30413 588017605748785300 g, i 3813 5 85 0.023

31865 588848900977852579 g, i 756 5 298 0.019

34613 587748929236173014 g, i 6793 4 61 0.025

37438 587734892752666719 g, i 3525 3 160 0.022

37735 587732135921844270 g, i 2883 4 180 0.004

37738 587739098061471762 g, i 4504 4 144 0.011

39082 587729386615865431 g, i 2243 3 332 0.012

Table 1: A list of the sample files with the SDSS number, obtained filters, and SDSS 
parameters: Run, Camcol, and Field. The SDSS redshift value for each galaxy has been 
included for completeness.

Table 1: A list of the sample files with the SDSS number, obtained filters, and SDSS 
parameters: Run, Camcol, and Field. The SDSS redshift value for each galaxy has been 
included for completeness.

Table 1: A list of the sample files with the SDSS number, obtained filters, and SDSS 
parameters: Run, Camcol, and Field. The SDSS redshift value for each galaxy has been 
included for completeness.

Table 1: A list of the sample files with the SDSS number, obtained filters, and SDSS 
parameters: Run, Camcol, and Field. The SDSS redshift value for each galaxy has been 
included for completeness.

Table 1: A list of the sample files with the SDSS number, obtained filters, and SDSS 
parameters: Run, Camcol, and Field. The SDSS redshift value for each galaxy has been 
included for completeness.

Table 1: A list of the sample files with the SDSS number, obtained filters, and SDSS 
parameters: Run, Camcol, and Field. The SDSS redshift value for each galaxy has been 
included for completeness.

Table 1: A list of the sample files with the SDSS number, obtained filters, and SDSS 
parameters: Run, Camcol, and Field. The SDSS redshift value for each galaxy has been 
included for completeness.
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Figure 1: The g- and i- band ‘science’ images: 
a) PGC 21919, b) PGC 22096, c) PGC 26329, 
d) PGC 30322, e) PGC 30413, f) PGC 31865, 
g) PGC 34613, h) PGC 37438, i) PGC 37735, 
j) PGC 37738 and k) PGC 39082.
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The g- and i- filters sample the galaxies at ~0.48µm and ~0.79µm, respectively (Gunn, et al. 

1998; York et al. 2000). The g-filter is more sensitive to star formation and dust than the i-band.

 Once the images were downloaded, all editing routines were used in the Image Reduction 

and Analysis Facility (IRAF) software package. After all the images were downloaded, they were 

cropped to reduce size and processing times. The galaxies were reduced to approximately twice 

the isophotal radius (the radius at which the surface brightness µB=25.00 mag/arcsec2), as given 

by the NASA/IPAC Extragalactic Database (NED). This was done to ensure the entire galaxy 

was included in the new field, while drastically reducing the size of the SDSS image. Foreground 

stars were digitally removed using the IRAF routine ‘imedit’ and replaced with an average 

background signal. After removal, the background levels were determined using the IRAF 

routine ‘imsurfit’. The sky background brightness was determined by using a 30 pixel wide 

border around each image and a planar fit to map any small gradients. The resulting interpolated 

background map was subtracted from the cleaned images using ‘imarith’. The resulting image 

was named x_science.fit, where x was the filter in question. The cleaned, sky subtracted galaxies 

can be seen in Figure 1.

 b. Deprojections 

 The next step was to deproject each galaxy, which can be done reasonably accurately 

since the galaxies do not have any bulge structure. This is the process of taking a galaxy that is 

not face on and approximating what it would look like as if it was face-on. The first order 

approximation in this process is assuming that all the galaxies are more or less circular in the 

outer regions. In order to examine the faint outer isophotes a block average image of each galaxy 
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Figure 2: The deprojected images in g- and i-
bands: a) PGC 21919, b) PGC 22096, c) PGC 
26329, d) PGC 30322, e) PGC 30413, f) PGC 
31865, g) PGC 34613, h) PGC 37438, i) PGC 
37735, j) PGC 37738 and k) PGC 39082
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was created using the routine ‘blkavg’. This process takes a 2x2 pixels square and averages them 

into a single pixel. This is done in order to smooth the image and help more clearly define the 

galaxy as an ellipse. Next, the routine ‘ellipse’ in the STSDAS package of IRAF routines was 

used to best fit each galaxy with isophotal ellipses. When a sufficiently accurate ellipse was 

obtained, the data regarding the outer isophotes were examined to determine a cut-off point. 

These outer isophotes were then used to determine the ellipticity and position angles that are 

needed for the deprojection. The parameters from the ellipse fitting were then used in the routine 

‘imlintran’ to take the x_science.fit images and deproject them. These deprojected science 

images were labeled x_deproj.fit, where x is the filter of the image. The deprojected images can 

be seen in Figure 2.

 c. Color-Index Maps

 After the images were deprojected, color-index maps were the next images to obtain. 

Color-index maps are a useful way to show color using a black and white display. The 

logarithmic flux differences between two filters traces color and star formation. In these images, 

darker areas represent blue, star forming regions, while the lighter areas represent dust and older 

stars. These maps can be created from the sky plane images using foreground stars to align the 

galaxies in the two filters (the g- and i- bands). This was done by using the sky subtracted 

science images that did not have the foreground stars yet removed. The IRAF routine to do this 

was ‘imalign’. This routine examines user inputted coordinates of foreground stars and 

determines how much they are offset from each other in the x and y dimensions. The routine 
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‘imshift’ was then used with the parameters from ‘imalign’ to align the cleaned i-filter image to 

the cleaned g-filter image. 

 Before the images can be used for color-index maps, the images must be converted from 

the linear ‘photon count’ intensity of the detector to the logarithmic magnitudes scale used by 

astronomers. Since magnitudes are a log measurement (where each magnitude is 2.51 times 

brighter than the previous), the equation to do this is:

µ f = −2.5 log(Ff )+ Z f

where µ is the surface brightness in magnitudes per square arcseconds, F is the pixel count, and ! 

represents the given filter. Z represents a zero point function that includes the airmass, x, 

atmospheric extinction coefficients, k, and the zero point of the detector, ζ, (all of which were 

obtained from the SDSS DR7) along with the pixel/arcsecond (p = .396 pixel/arcsec) and 

exposure time (t = 53.9s) in the following way:

Z f  = -[(xk) + ζ ]+2.5log(p2t)

 Since the color-index maps were constructed by a difference of these two magnitudes, it was 

easier to simplify the equation to:

µg  - µi   = -2.5log(
Fg

Fi

) + Zg  - Zi

 The first step of this process was to take the g-filter sky-subtracted, image and divide it 

by the corresponding i-image. With that done, the next step was to take the log10 of the resulting 

image. Multiplying the resulting image by -2.5 and adding the difference of the zero points were 

11



a) b) c)

d) e) f)

g) h) i)

j) k)

Figure 3: Sky plane color-
index maps. a) PGC 21919, b) 
PGC 22096, c) PGC 26329, 
d) PGC 30322, e) PGC 
30413, f) PGC 31865, g) PGC 
34613, h) PGC 37438, i) PGC 
37735, j) PGC 37738 and k) 
PGC 39082
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the last steps to produce the color index maps. The color-index maps of each galaxy are shown in  

Figure 3.

 d. Fourier Analysis

 A program called ‘newfouran.f’ (Buta, R. 1986) based on IRAF’s image reading and 

writing capabilities was used to conduct Fourier analysis of the deprojected images. The program 

takes the intensity of every pixel in the image and attempts to reconstruct the image in terms of a 

series of sine and cosine functions using circular functions. This is very useful for finding how 

different parameters, such as phase and relative intensity, depend on radius in various modes of 

the Fourier series, since different azimuthal structures will contribute to the distribution of light. 

In addition, Fourier analysis can be used to help obtain a more quantitative measure of bar 

strength. The program asks for many parameters discussed above, such as sky background levels 

(which was zero, since that had already been subtracted out), the zero point value and pixel per 

arcsec of the images. In addition, the program was told the (x,y) value of the galactic center and 

the spacing of each circular annulus and how many to apply. Mean values of I(r,θ)cos(mθ) and 

I(r,θ)sin(mθ) are calculated in each annulus to get the relative amplitudes Im/Io and phases Φm. 

The program would generate data of all the values for sine, cosine, and intensity for 6 modes of 

the Fourier transform. These data were then compiled, and the phase of each node and the ratio 

of each modes intensity and that of the image were plotted against a radius normalized to the B-

band surface brightness at µB=25.0 mag/arcsec2 of each galaxy (i.e. the radius of each galaxy is 

set to 1 where the isophote equals 25 mag/arcsec2). The plots for the first 4 modes of the Fourier 

series can be found in Appendix A. Even modes tend to highlight symmetric structures, typically 
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bars and spirals. Odd numbered modes will quantify any asymmetric features, such as an offset 

bar. 

e. Surface Density Maps and Mass-to-Light Ratio Images

 Another IRAF native program named ‘surfdensmap.f’ (Zhang et al. 2004) which used 

aligned and deprojected images took into account foreground galactic extinction (acquired from 

NED), the previously calculated zero points, the image scale, the bar center, a maximum and 

minimum radius to examine, and two additional parameters derived from the color vs radius 

plots for each given galaxy (specifically, the behavior of the data at large radii) was used to 

calculate surface mass density maps and mass to light ratio maps. The surface density maps and 

mass-to-light ratio maps are shown in Figure 4 and Figure 5, respectively.

f. Radial Scale Length

 The radial scale length is a fundamental parameter of any disk because it determines the 

total luminosity (Fathi et al. 2010). Additionally, the scale length is a quantitative measurement 

of how quickly light decreases from the center of the galaxy and can be used in determining the 

thickness of the disk. The radial scale length was calculated by plotting the individual color 

bands vs the galaxy radius (surface brightness plots) as provided by the Fourier analysis 

program. These plots then had a trend line fit in the outer regions of the galaxy. The slope (s) of 

these trend lines are closely related to the galactic radial scale length (hr) by the equation:

hr =
1.086
s

14
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Figure 5: Mass-to-light ratio 
maps. a) PGC 21919, b) PGC 
22096, c) PGC 26329, d) 
PGC 30322, e) PGC 30413, f) 
PGC 31865, g) PGC 34613, 
h) PGC 37438, i) PGC 37735, 
j) PGC 37738 and k) PGC 
39082
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 The trend line would span the normalized radius, extending from several data points 

inside the normalized radius to several points beyond. The exception to this is the galaxy PGC 

37738, whose noise level is far above normal within the normalized radius. This is most likely 

due to the galaxy being very close to the edge of the SDSS frame from which it came. The 

surface brightness plots used to determine the scale length can be found in Appendix B. 

 Also derived from the surface brightness plot is the Freeman disk type. This classification 

by Freeman (1970) is a way to classify the disk based on the changing behavior of the surface 

density trend. Type I disks show a constant trend of increasing magnitude as radius increases. 

Type II disks will have two distinct regions of the surface density plot. Traditionally, this 

dichotomy suggests that different features are responsible for the bulk of the brightness in 

different regions of the disk. The process to determine the disk type is to simply extrapolate a 

segment of constant slope of the surface brightness curve to Rn=0. Where the extrapolated slope 

ends relative to the actual curve is what determines the type of Freeman disk the galaxy is 

hosting.
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CHAPTER 4: ANALYSIS

 These galaxies in the sample are all classified as ‘SBd’ in the deVaucouleurs revised 

Hubble classification system, meaning they are all bulgeless, barred galaxies with spiral arms 

that are well separated. 

 The deprojected images revealed that many of these galaxies are most circular with some 

obvious asymmetrical features in a few galaxies, such as asymmetrical features, bent/offset bars, 

boxy disks and in general irregular shapes. Galaxy mergers often result in elliptical shaped 

galaxies after the relaxation time, becoming essentially a bulge in shape. All of the galaxies in 

this sample appear to have not had much merger history, and retain only the thin disk and a bar, 

but lack a low angular momentum classical bulge.  

 The color index maps are helpful in determining the relative distribution of star 

formation. Spiral structure will also stand out very well. Some of the galaxies (PGC 21919, 

PGC22096, PGC326329 and PGC 330322) show a surprisingly reddish bar stellar population 

despite having a fairly obvious bar in composite color images. The lack of a bar in the color-

index map does not mean an absence of the structure, rather the star formation is not as active in 

the bar as it is in other more prominent structures. All of the galaxies show obvious star 

formation in the spiral structures. PGC 31865 appears to have bar ansae, as there appears to be 

star formation at either end of the bar. Lighter areas in color-index maps can also be indicative of 

dust and while there is typically less dust in pure disk galaxies, dust lanes can still be detected in 

PGC 21919 and PGC37735.

 The surface density maps do a good job tracing areas of relatively high surface mass 

density in the galaxy. All of the galaxies, with the exception of PGC 21919, show that the density 
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is concentrated in the bar. PGC 21919 has a visually obvious bar, but the local density suggests 

that the structure is not as well defined as it appears in the science and deprojected images. The 

color-index map for PGC 21919 also lacks an obvious bar. Otherwise, a majority of galaxies (7) 

support a strong bar in the density maps.

 The mass to light ratio maps are another way of displaying the color of a galaxy and show 

that for many of the sample galaxies, the mass distribution (based on older, redder stars) is 

centrally concentrated in the bar. While these galaxies don’t have a bulge, there is still a strong 

concentration of mass within the bar. This is understandable as pure disk galaxy bars tend to have 

more star forming regions than a typical classical bulge. A few galaxies have less mass 

concentrated at the center of the galaxy, leaving a more even distribution across the disk. These 

galaxies include PGC 21919 and PGC 22096 which show bright centers but a much more even 

distribution in the disk of the galaxies than the rest of the sample. This could imply a more 

evolved disk with older stars. 

 Fourier decompositions attempt to reconstruct the pattern of a spiral galaxy using a series 

of  harmonic functions derived from azimuthal averages of the surface brightness distribution. 

This process helps to determine where the dominant amount of light is emitted from the galaxy 

as a function of radius and position. The lower modes tend to be a lot more significant in the 

contribution of overall emission, and odd modes tend to emphasize asymmetrical features and 

even modes will emphasize symmetrical features. 

 Every galaxy has an initial peak that represents the bar structure in the second mode. The 

value of the peak can be a way to quantitatively measure the strength of the bar. PGC26329 had 

the highest value of the sample of 0.83, which is relatively very strong. However, the average bar 
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strength  is approximately 0.44, while the lowest value is approximately 0.2 (PGC30413). 

Obviously this is a very wide range of bar strengths. Those graphs with lower initial peaks have a 

weaker bar. Examples of this include PGC21919 and PGC 34613.

 The initial mode for each galaxy is surprisingly weak. Most of the curves struggle to 

break .3, which is a little surprising considering that nearly every galaxy has some asymmetric 

features. Even the most asymmetric galaxies (PGC37735 and PGC30413) have odd modes that 

never peak over 0.3 before Rn=0.8 and 0.9 respectively. PGC22096 has an interesting 

decomposition due to the fact it is the only galaxy with an obvious peak in all four modes despite 

not being overly asymmetric. PGC37738 has an obvious peak in ever mode at approximately 

Rn=0.41. This is believed to be due to a foreground star that slipped through the image 

processing or an artifact in the image. 

 The plots used for the scale length measurement are the surface density curves for each 

individual filter. Using these, the scale length for each galaxy was calculated. They are shown 

below in Table 2. The average scale length for the g-band is 2.3 kpc and the average for the i-

band is 2.5 kpc. The standard deviation for the g-band and i-band is 1.05 ± 0.3 kpc and 1.07 ± 

0.3 kpc. The outlier in the group is PGC is 30413 with g- and i-band values of 4.08 kpc and 3.48 

kpc respectively, suggesting a very large distribution of star formation in the disk represented in 

the two filters. This galaxy is one of the largest galaxies in the sample and quite asymmetrical 

with star forming regions far from the center. These factors could contribute to the large scale 

length.

 The Freeman types are also included in Table 2. Type I disks are generally described as 

disks that will extend all the way to the bar, while Type II disks suggests that the disk will end at 
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the ‘break’ in profile where the light originates predominately from another structure. Naturally, 

these being classified as pure disk galaxies, Type I disks are mainly expected. The results 

however, are that only six galaxies (PGC22096, PGC31865, PGC34613, PGC37438, PGC37735, 

PGC39082) are clearly Type I. Four galaxies fall in to the Type II category (PGC21919, 

PGC26329, PGC30322, PGC37738) and one galaxy (PGC30413) is right on the line between the 

two types. Interestingly, all the Type II disks have a major break at approximately 0.75Rn. This is 

obviously very far out into the disk and thus cannot be due to a classical bulge or pseudobulge 

feature. 

PGC 
number

g-band scale 
length (arcsec)

i-band scale 
length 

(arcsec)

g-band scale 
length (kpc)

i-band scale 
length (kpc)

Freeman 
disk type

21919 5.96 5.74 1.85952 1.79088 II

22096 12.75 15.54 4.0035 4.87956 I

26329 4.7 7.75 1.3442 2.2165 II

30322 11.3 13.07 1.0509 1.21551 II

30413 8.68 7.38 4.08828 3.47598 ?

31865 4.7 5.7 1.8048 2.1888 I

34613 4.7 4.3 2.3923 2.1887 I

37438 7.75 8.04 3.472 3.60192 I

37735 23.59 27.125 2.1231 2.44125 I

37738 8.03 8.22 1.87902 1.92348 II

39082 5.62 5.05 1.7141 1.54025 I

Table 2: Calculated radial scale length in g- and i-bands for each galaxy in arcseconds and 
kiloparsecs along with Freeman disk types.
Table 2: Calculated radial scale length in g- and i-bands for each galaxy in arcseconds and 
kiloparsecs along with Freeman disk types.
Table 2: Calculated radial scale length in g- and i-bands for each galaxy in arcseconds and 
kiloparsecs along with Freeman disk types.
Table 2: Calculated radial scale length in g- and i-bands for each galaxy in arcseconds and 
kiloparsecs along with Freeman disk types.
Table 2: Calculated radial scale length in g- and i-bands for each galaxy in arcseconds and 
kiloparsecs along with Freeman disk types.
Table 2: Calculated radial scale length in g- and i-bands for each galaxy in arcseconds and 
kiloparsecs along with Freeman disk types.
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CHAPTER 5: CONCLUSIONS AND FUTURE STUDY

 Eleven pure disc galaxies were examined using the software package IRAF for insight on 

the properties and possible secular evolution of this family of galaxies. The sample was cleaned, 

calibrated and deprojected to be used in the Image Reduction and Analysis Facility (IRAF) 

software package. The obtained data includes color-index maps, surface density maps, mass-to-

light ratio maps, surface brightness profiles, Fourier analysis and radial scale lengths. 

 Despite obvious bars in color composite images, the color index maps show that several 

of these galaxies (PGC 21919, PGC22096, PGC31865 and PGC 34613) exhibit little star 

formation in the bar, which is typically an area of ongoing star formation in SBd galaxies. 

Surface density maps of the sample provide a clear idea as to the relative distribution of mass 

within the galaxy. Galaxies PGC 22096, PGC 26392 PGC 31865, PGC 37738 and PGC 39082 

all show overdensities within the bar regions, which is in agreement with the idea of a bulgeless 

galaxy. The mass-to-light ratio maps trace out how much mass is present in an area relative to the 

amount of light being produced. Most of the sample produce very smooth plots, which is also in 

agreement with the understanding of pure disk galaxies. There is no bulge area producing excess 

amounts of light or a significant increase in stellar mass. The radial scale length was calculated 

for each galaxy, and with the exception of the large, asymmetrical galaxy PGC 37735, all of the 

galaxies have a fairly consistent scale length. This suggests that the galaxies are fairly 

homogeneous in nature. Again, this is consistent with the current understanding of pure disk 

galaxies.

 The sample displayed mostly Type I Freeman disks, which is supportive of pure disk 

galaxies. Several others however, follow a Type II Freeman disk which implies that there is some 
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discontinuity between the main source of light of the two regions in the surface brightness plots 

that occur arounf the Rn=0.75 mark. This typically suggests the presence of a classical bulge at 

lower radii, but that is obviously not the case here. 

 The future holds many possible continuing studies for pure disk galaxies. Discovery of 

evidence of outflow fountains in young pure diak galaxies such as supernova remnants or radio 

emission from active or previously active galactic nuclei would be a major breakthrough in 

understanding pure disk galaxies. A sample of edge-on pure disk galaxies would help understand 

the optical depth, the structure of the disk and any role that the remaining dust may play in 

formation and evolution. Rotation curves of the important bar and inner disk would help 

determine exact kinematics and the nature of the central region compared to classical bulges and 

pseudobulges. Studies that can directly compare symmetric and asymmetric pure disk galaxies is 

also vital; do asymmetric pure disk galaxies form naturally? If so, how are they different from 

symmetric pure disk galaxies? If not, how can they undergo a merger major enough to cause 

asymmetry and not develop a bulge? These are just a few of the studies that can be done with 

pure disk galaxies to help understand how and why they form. There must be some parameter 

that all pure disk galaxies have in common that can give insight as to why some galaxies develop 

without a major component of galactic structure with cannot be simulated nor explained by the 

best model of the known universe. 
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APPENDIX A

This appendix contains the Fourier analysis graphs for each galaxy. Each galaxy includes a graph 

of the ratio of Im/I0, where Im is the intensity of mode m and I0 is the integrated intensity of all 

modes, accompanied by the decomposed position angle for the given mode vs the normalized 

radius as discussed earlier (Since the lower valued modes contribute the most to the 

decomposition, only the first four are included here). 
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APPENDIX B

 This Appendix contains the g- and i-band magnitude v the normalized radius plots for all 

the galaxies. The x-axis is the radius of the galaxy in normalized units as previously discussed 

and the y-axis contains the color brightness in magnitudes. The blue line represents the g-band 

image and the red line represents the i-band.
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