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Abstract

Two new techniques have been developed to determine the surface brightness
profiles in galaxies. Equivalent profiles is a re-implementation of an old technique
used by for example (de Vaucouleurs et al., 1968). A second technique is the
Principle Axis Summation. This technique performs a reprojection of the data as
if the galaxies is seen edge-on. A major benefit of PAS is the independence of
inclination. These techniques are analysed against the sample of Pohlen and
Trujillo (2006) and found a valid measures of surface brightness profiles. The
PAS system is then used as a tool for measuring and mapping dust extinction
in galaxies.
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Chapter 1

Introduction

The surface brightness of a galaxy can be seen as the amount of light a small
area of a galaxy is emitting. One of the nice properties of the surface bright-
ness is its independence of distance. While the light intensity decreases with
distance as 1/r%. The angular size decrease with 1/r. The area thus scales with
1/r%. The intensity decrease by distance is thus compensated by the same de-
crease of area, making the surface brightness a distance independent measure.

Surface brightness profiles depict the surface brightness as a function of the
distance to the center of a galaxy. It was found early-on that the intensity de-
cline follows an exponential decay [de Vaucouleurs (1959) and Freeman (1970)].
These conclusions were drawn from face-on galaxies.

van der Kruit (1979) performed the same analysis on edge-on galaxies. He
finds that galaxies not only exhibit an exponential decline in intensity, but some-
times also show a strong truncation. This truncation appears as a sharp break
in the profile. At this point the intensity no longer slowly decreases, but in-
stead make a sharp downward bend and rapidly declines to zero. In later years
the untruncated galaxies would be named type I, while the truncated would be
named type II.

Using face-on galaxies Erwin et al. (2005) find that besides the type I and
IT galaxies there also exists a type III. In these, the intensity first declines nor-
mally. At the radius of the break it then changes direction and starts to decline
less rapidly. A further subclassification is proposed. The original truncated
galaxies of van der Kruit (1979) become type II-CT galaxies in this scheme. It is
believed that the concept of a truncation is not a true truncation, but instead
details a point beyond which there still exists a rapidly decreasing brightness
profile.(Florido et al., 2007)



It is yet unclear what the exact physical cause of the profiles is. Various pos-
sible sources of truncations have been proposed. These range from local star
formation density thresholds (Schaye, 2004), to angular momentum distribu-
tion (van der Kruit, 1987) and the influence of a magnetic field (Florido et al.,
2007). Interestingly truncations have also been detected in hydrodynamic cos-
mological models (Sdnchez-Blazquez et al., 2009). The reader is referred to (van
der Kruit, 2008) for a review of all theories.

The physical cause of truncations is thus still unknown. As such, it is inter-
esting to develop new ways of analysing the data. These might provide new
insights into the data. In this report two techniques have been developed for
that exact reason.



Chapter 2

Techniques matter

2.1 Introduction

A well known problem in many fields of science is the impact the act of observ-
ing has on an observation. By observing, the observer changes the observed.
In astronomical observations this phenomena is not of much influence. Stars
do not get dimmer because some of their light is taken by the camera. Spectral
lines do not disappear once they have been seen.

An analog of this problem does work in astronomy: the way we observe
changes what we think we observe. Techniques are the key, and with each more
advanced one more assumptions will have to be made which can have an impact
on what one thinks is observed.

In the field of surface brightness profiles, there are now two techniques for
different situations. For edge-on galaxy a simple surface brightness measure-
ment along the main axis is sufficient for a surface brightness plot. In suffi-
ciently deep exposuress one can even make seperate profiles for various heights
in the disk.

The observed surface brightness is a result of a line-of-sight integration of all
light-sources along that line of sight, combined with inevitable dust extinction.
Light from stars at the back of the galaxy will suffer from a long path through
the galaxy and as such will suffer from much extinction. Another problem is
that the light on one line of sight originates in various regions (in terms of dis-
tance from the galaxy center). If the brightness of the galaxy decreases mono-
tomically with radius, one could deal with this problem. In reality it will never
be this simple, as the existence of spiral arms proofs. Impressive steps are un-



dertaken to deal with this by decomposing the galaxy (e.g. Pohlen et al. (2007)),
but assumptions will always play a role.

In face-on galaxies the situation is completely reversed. Where in the edge-
on galaxies one deals with a line-of-sight integration along the radial axis of the
galaxy, one now deals with a line of sight along the far shorter height of the
galaxy. Dust will be of far less importance and the substructure in the galaxy
can easily be seen. But what exactly is a radial profile in this situation? A simple
average of all light observed at each radius, thus ignoring the substructure? Or
seperate profiles for both the spiral arms and the inter-spiral regions need to be
defined, as for example in the bachelor thesis of Janssens (2009).

Most authors prefer the simple averaging over all substructure. Several tech-
niques exists for this. In the beginning authors made use of elliptical averaging.
Only perfectly face-on galaxies will appear circular and so one almost always
fits ellipticals to a galaxy with the shape of the elliptical being a (indirect) func-
tion of the inclination. A more recent innovation is the use of elliptical isophote
titting, in which the ellipses can be free to rotate and change shape to best fit the
observation. This allows for a better treatment of substructure.

Very different technique thus exists with different approaches and results.
In this paper, this importance of technique on result has led to the development
of two new approaches to disk observation: Equivalent Profiles and Principal
Axis Summation. In the sections 2.2 and 2.3 these techniques will be discussed.
In section 2.4 the system used to detect and fit breaks and truncations in the
profiles is described.

2.2 Equivalent Profiles

In the early days of modern astronomy one of the primary ways of determin-
ing the luminosity profile of a galaxy was by using equivalent luminosity profiles.
This technique is unique in its approach. While most techniques start with a
certain distance r and measure a corresponding intensity /, it works in the op-
posite way. It is based on the simple assumption that galaxies have a brightness
distribution centered around their core, with surface brightness decreasing with
radius. For an equivalent luminosity profile one measures the entire area in a
galaxy, with surface brightness larger than a certain threshold. For each surface
brightness I one calculates a equivalent radial distance r*. This distance repre-
sents the radial distance if all of the luminosity contained within it was above
that threshold and all luminosity beyond it was lower.
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Figure 2.1: An example of a planimeter

In practice this was achieved by creating an isophotal map of a galaxy. By
using a device called a planimeter (figure 2.1) one measures the area A covered
by each isophote (de Vaucouleurs et al., 1968) . The equivalent luminosity pro-
file I(r*) is then determined using 7* = (A/7)'/? (de Vaucouleurs and Davoust,
1980). Inclination is dealt with through the calculation of the area A.

In the last decades the method has fallen from grace when new computer-
ized techniques offered elliptically averaged luminosity profiles (e.g. van der
Kruit (1979)).

It is believed that the equivalent profiles still offer interesting and unique in-
sights into galaxy physics. In this report, the technique is therefore re-implemented
to make use of the Sloan Digital Sky Survey. In the remainder of this section this
setup will be described.

After obtaining the desired source images from the SDSS catalog, each im-
age is masked for all bright stars and objects. These are removed from the image
using the IRAF package fixpix. An elliptical mask is put around the galaxy. The
shape of the ellipse is based on the inclination ¢ which is obtained from litera-
ture archives like the NED'. Each image is checked by hand to ensure that the
mask is larger than the maximum radius of the galaxy.

The image is then reprojected into a single dimension and sorted by inten-
sity as array P. This allows for fast data processing. A new array S is made for

! Available at http:/ /nedwww.ipac.caltech.edu/



all possible values of flux f in the range f € [max(P), min(P)] with S(f) being
the sum of all pixels in P with values equal or larger than f.

The sky coverage of each SDSS pixel is 0.3962 arcsec?. It is required to repro-
ject all galaxies to a face-on situation. The equation surface( f) = 0.396%S(f)/ cos(4)
is used for this. To find the equivalent radius r (in arcsec) belonging to a certain
flux count f, relation2.1 is used.

_ [surface(f) = [0.396°Q(f)
() =T —m 2D

To convert the flux into magnitudes, the standard SDSS scheme as defined
in Abazajian et al. (2009) in formula 2.2 is used. The value flux20 in formula
2.3 is a value provided for each observation by SDSS in the image header. A
better value for flux20 can be found by calculating it directly from the airmass,
zeropoint aa and extinction coefficient kk. For this, formula 2.4 is used. While
the asinh magnitudes system would provide benefits for faint objects (Lupton
et al., 1999), in this paper pogson system will be used. This allows for easier
comparison with existing literature.

mag = —2.5log(f/f0) (2.2)
f

_ 2.

J170 103flux20 (23)

Fluz20 = 53.907456 x 10275 0-Alaatkkxairmass) (2.4)

In figure 2.2 the EP’s of 4 simulations of galaxies, with a disk break at var-
ious intensities, is shown. The blue line represents a perfect situation without
any noise. The green line shows the contaminating effect typical background
noise has on the data.

Figure 2.3 also demonstrates this effect. Shown are simulations for a galaxy
with a total radius of 250 pixels contained in a mask of 300 pixels radius. In each
case, the blue line is the distribution of intensities of the pixels associated with
the galaxy, convolved with the noise. The green line denotes the distribution of
all pixels associated with the background. The combined effect of these two is
shown by the red line. From the height of the combined signal above the galaxy
signal, it becomes apparent what a profound effect the background noise has
on the technique.
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Figure 2.2: Equivalent profiles of 4 simulated galaxies
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combined effect. The cyan vertical lines denote the —2¢ (at -12 counts) point.



One obvious approach to counter this effect is to minimize the radius of the
elliptical mask, so that it covers the least amount of background pixels as pos-
sible. In certain situations this proved to be insufficient due to the shape of
the galaxy. To counter this effect a new approach dubbed statistical background
reduction was developed. In an observation the background noise will always
follow a Gaussian distribution with a central value i and a standard deviation
o. This can easily be measured by placing boxes in areas of the observation
devoid of any stars or galaxies. The intensities of the pixel in the box are then
plotted in a single diagram per column. Possible sources clearly stand out in
the plot, making it easy to remove such contaminations. When satisfied that the
box will only contain noise the 15, and o values can now be determined. On
average a box will cover over 30.000 pixels.

Noise also affects the galaxies in observations with the same standard devia-
tion 0. However, the central values of their distribution will not be equal to 1,
but instead be centered around the true surface brightness of the galaxy in that
area. For example, suppose one has an observation of a galaxy in which the true
surface brightness of the galaxy at the very edge has an intensity of 3 counts,
and the noise is defined by i, = 0 and o = 6 counts. The intensity distribu-
tions of noise pixels and the (near) edge pixels will overlap in the 3 counts range
as can be seen in figure 2.3. But from statistics it follows that almost all pixels in
the distribution with values < —20 will be real background noise pixels.

Based on the amount of pixels found in this < —20 range, along with the 1,
and o, one can then extrapolate how many background noise pixels should
be at each count value. By simply removing this extrapolated distribution from
the total observation, one almost perfectly recovers the original galaxy pixel dis-
tribution.

In figure 2.2 this effect is demonstrated by the red line. Note that the tech-
nique becomes strongest when the edge of the galaxy is above the 1.00 (6 counts)
level. But even with a break at 0.5¢0 (3 counts) the technique shows an improve-
ment. Looking at 2.3 the reason for this becomes apparent. The —2.00 range
is, in all the cases with edge intensities < 3 counts per pixel, almost completely
dominated by the background noise. Even in a case of a break of almost abso-
lute 0 it does not introduce very strange artifacts into the data, as can be seen in
tigure 2.3(a).

It is thus concluded that statistical background reduction is a valid noise
reduction. Combined with the equivalent profiles technique it offers an inter-
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esting new way to observe galaxies.

2.3 Principle Axis Summation

One of the problems that has always hindered the understanding of disk trun-
cation, is the connection between face-on and edge-on galaxies. While both
situations have been studied in great detail, there is no unifying technique al-
lowing for a direct comparison between face-on and edge-on galaxies.

One of the most recent works to tackle this problem has been done by Pohlen
et al. (2007). They have devised a new algorithm that, under simple axial sym-
metry assumptions, can project a two-dimensional edge-on galaxy into a three-
dimensional galaxy. In their paper they then present a set of 10 edge-on galaxies
with inclination ¢ ranging between 80° and 90°. It is found that the typical scale-
lengths match ones found in observations of face-on galaxies, as in Erwin et al.
(2005) and Pohlen and Trujillo (2006). Eventhough the results of this technique
are impressive, it still does not cover all possible inclinations. It also depends
on the assumption of axial symmetry and a good understanding of the dust ex-
tinction in the galaxy.

The problem hampering comparisons of face-on and edge-on galaxies, has
always been the unknown parameters. For face-on galaxies it will always be
unclear what the height of the disk is. Likewise in edge-on galaxies it is al-
ways unknown what the exact inclination ¢ is. A need thus exists for a single
technique to unify both types of galaxies. Therefore a new technique dubbed
principle axis summation is devised.

The premise of this technique is elegantly simple. By always summating the
light in a galaxy onto a single axis, one effectively eliminates the inclination and
height dependencies of the other techniques. The technique is equivalent to a
line-of-sight integration along both the height and radius. Since the height will
be of no significant impact in comparison to the data, this effectively results in a
projection of any galaxy into an edge-on galaxy. The long axis of a galaxy is the
logical choice for this summation as it is independent of inclination. As such,
it will always be the same length in both edge-on and face-on galaxies. Note
that this assumption will fail in the case of non-circular edge-on galaxies seen
along the long axis. This will cause the short axis to appear the principle axis.
Fortunatly this only occurs in a small amount of galaxies and as such will have
little influence on the results of a large sample of galaxies.
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In practice the principle axis of an image is first aligned with the horizon-
tal axis of the image. In galaxies with known orientations this is done based
on literature values, in others it has to be done by hand (or eye). The center
of the galaxy is then selected. In cases where the galaxy center is already re-
ported in literature, that value will be used. In cases where the exact center is
still unknown, a summation onto both the horizontal and vertical axis is used
to determine the brightest column and row. That position is taken as the center.

Each galaxy is then divided into four quadrants. The quadrants are created
in such a way that they all share one pixel-column and pixel-row with their two
neighbours. By sharing this row and column, it is ensured that each quadrant
starts at the center of the galaxy. Each quadrant is then individually summed
per pixel column onto the primary axis. Following the same system of magni-
tude calculations as in the previous section, this will lead to four sets of surface
brightness profiles.

The size of the processed imaged has been selected as being large enough,
that the summation will greatly extend beyond the edge of the galaxy. By cal-
culating the median of the last group of columns the background noise leve is
found. Because uncertainty always goes down with increasing sample size, this
measurement offers a reasonably good estimation of the background level be-
low the 1o threshold.

The variations between the four profiles give a convenient handle on the
error and symmetry of the galaxy. In a perfectly symmetrical galaxy, all four
profiles will be identical. But in non-symmetric galaxies they will have four dif-
ferent slopes. The main profile is constructed by taking the median of the four
flux values at that radius. The median will filter out contaminations in a single
quadrant. The system is set up in such a way that individual quadrants can be
removed from the reduction if they are too contaminated. This may occur in the
cases of strong stars, background galaxies or the edge of an observation.

A disadvantage of the method is the lack of treatment of dust extinction.
Edge-on galaxies suffer from much extinction while face-on will have almost
no problems with dust. The r” band is used to minimize this problem. Of all the
possible SDSS bands, the r’-band typically suffers from the least dust absorp-
tion. In chapter 4 dust will be discussed in more detail, and this phenomena
will actually be used map dust absorption in galaxies.

In figure 2.4 the profile derived for galaxy NGC 701, a typical untruncated

12
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Figure 2.4: Principle axis summation for the untruncated galaxy NGC 701

galaxy, is shown. Figure 2.5 shows the profile for a truncated galaxy, NGC 1084.
The truncation in the second figure occurs at roughly 40 arcseconds, as can be
seen by the sudden bend in the plot. See figures A.5 and A.9 for a more complete
examination of these galaxies.

2.4 Profile fitting

2.4.1 Scalelengths

At various points in this report it was required to measure the scalelengths of
galaxies. This was done by fitting a linear line of y = a + bx to the data. The
coefficients a and b can be determined by performing a least squares fit. These
can be obtained through the following formulas.

_ (Zy)(B2?) — (Zz)(Bay)
B nYr? — (Xz)? (25)
iy — (52)(Sy)
b nYx? — (Xx)? (26)
error = X(Ypi — Ydata) (2.7)

Here ¥ denotes the summation over all pixels.

From the coefficient b one can simply derive the scalelength h, since h = 1/b.
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Figure 2.5: Principle axis summation for truncated galaxy NGC 1084.

2.4.2 Break fitting

It will also be required to fit data to the break. An algorithm is therefore pro-
grammed wherein the user can provide the data over the desired range [z, z2].
A seperation point z,. is then defined. Two lines are fit to the data in ranges
[21, Zprear] and [Tprear, 22]. The error is calculated using formula 2.7 and com-
bined using (error(zirear))? = (errori(Tyrear))® + (errora(Tprear))?. Error(Tirear)
is calculated for each value for zy,cqr € [71, 22]. The minimal value of Error(zyear)
is the break distance zy,cqp.

14



Chapter 3
Pohlen & Trujillo dataset

3.1 Description

In the previous chapter the valid workings of the equivalent profiles and prin-
ciple axis summation profiles was established. The next step is to compare the
technique to the prefered one in literature, the elliptical isophote fitting. This
will allow for a deeper understanding of the similarities and differences be-
tween the various techniques.

In the Pohlen and Trujillo (2006) paper a sample of 85 face-on to interme-
diate inclined, nearby, late-type (Sb-Sdm) spiral galaxies is presented. This is
based on elliptical isophote fitting. Using the second data release the authors
analysed the quality of the SDSS observations in the " and g¢" bands and com-
pared them to deeper observations. They find that SDSS can indeed be used for
the detection of disk truncations.

On each galaxy elliptical isophote fitting is performed. The sample is then
classified according to the system of Erwin et al. (2005). In the remainder of this
chapter a comparison of the new techniques against this well defined sample is
performed. Micheal Pohlen graciously provided us with their original profile
data.

In table A.2 all galaxies in the sample are listed. For each of these galaxies
the appropriate " and g’ frame is retrieved from SDSS DR7 using the Catalog
Archive Server (CAS) and Data Archive Server (DAS) services'. For each frame,
the overall median and standard deviation for the sky is analysed by measur-
ing them in boxes placed at various places around the galaxy. The results can

!CAS can be found at http://das.sdss.org/ and DAS at http:/ /das.sdss.org/
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be found in table A.2

Using Vizier? the ”11/294 The SDSS Photometric Catalog, Release 7” (Abazajian
et al., 2009) is queried for all known stars brighter than 21 magnitudes in a large
area around each galaxy. A mask is automatically constructed where-in every
star is sufficiently covered. The masks are then inspected and corrected for pos-
sible errors. In certain cases the brighter core of a galaxy is identified as a group
of stars. Because the new methods are both fairly invariant against fluctuations
by small stars, these areas will not be masked. In addition clearly recognisable
background galaxies are masked by hand. Using the IRAF package fixpix the
frames are then corrected.

Based on the mean ellipticity M, an elliptical mask is placed around each
galaxy. This mean ellipticity is calculated from the dataset provides to us by
Michael Pohlen. The area beyond the mask is believed to only contain back-
ground noise and is therefore set to 0. This ensures that it is of no further influ-
ence in the analysis.

This elliptical frame will only be used for the equivalent profiles and will on
average be smaller than the regular frame used for the principal axis summa-
tions. This prevents the EP from suffering from too much background contam-
ination. The sizes of the frames are roughly based on known dimensions of the
galaxy. Afterwards they are adjusted for the best fit to the galaxy.

In a number of cases the elliptical mask is only partly covered by the frame.
Pohlen and Trujillo (2006) make use of mosaicing to cover the entire galaxies.
Mosaicing is however a tricky subject. In this paper it will not be used, as to
avoid introducing possible ghost results. In some cases problems with the re-
duction software occured. While attempts were made to fix these problems it
has not always been succesful. In total 9 galaxies are removed from the sample
for this reason. These have been marked in table A.2 by an asterix.

3.2 Results

The detailed data for each galaxy is presented in appendix A.3. Per galaxy six
plots are presented along with a short discussion detailing the findings. The
top-left plot gives an overview of the frame in the r’-band. The top-right plot
is the same frame but has a different intensity scale so that the fainter regions

2 Available at http:/ /vizier.u-strasbg.fr/viz-bin/VizieR
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are more discernable. The middle-left plot shows the equivalent profiles for the
galaxy. Both the profiles with and without statistical background reduction are
shown. The two horizontal lines are the 1o levels as found from the background.
The top line denotes the r’-band ¢ and the bottom line denotes the g’-band o.
The middle-right and bottom-left lines show the principal axis summations for
the r’-band and g’-band. The various colours represent the various quadrants
used. The correlation between the various lines is a clear test of the symmetry in
the galaxy. The bottom-right plot is a combination of all three techniques. The
r’ and g’ median profiles are shown by the red and green lines. The equivalent
profiles are denoted by the purple and cyan lines. The elliptical isophote profile
from Pohlen and Trujillo (2006) is shown by the blue line. In this plot there are
also two vertical lines. The black line shows the maximal radius of the elliptical
mask. The blue line denotes the derived edge of the galaxy.

A clear and direct problem, is the lack of depth of the equivalent profiles
compared to both other techniques. While this is unfortunate its reason is well
understood. The equivalent profiles rely on a direct count of the number of pix-
els per intensity level. Since the SDSS images are stored in an integer format
the lowest measurable intensity will be at 1 count. In contrast, both other tech-
niques rely on some form of averaging or binning. This allows for treatment of
regions with average values below 1 count. By processing a smoothed version
of a frame the resolution of the equivalent profiles can be improved. However,
a smooth also removes any small substructure. From experiments with smooth-
ing it is found that any sharp truncation will inevitably be blurred. As this is
most undesirable, the equivalent profiles technique is performed on the original
frames. Another striking feature is the correlation between the EP and the ellip-
tically averaged profiles at low magnitudes. As long as the background noise is
of no concern this is almost a one-on-one match.

The principle axis summation demonstrates a far deeper detection limit. In
some cases this even goes as far out as the elliptical isophotes. It is hard to
give a clear formulation of the maximal magnitude at which the data can still
be trusted. The noisiness of the profile is used as an indication. In most cases a
clear correlation in the shape of the profile is observed between the PAS and the
elliptical isophotes. PAS therefore offers a good technique for deriving surface
brightness profiles.

Next, a more detailed analysis of the galaxies is performed based on the PAS

profiles. In the Erwin et al. (2005) classification system, the type III breaks rep-
resent a change of a steep intensity decline with radius to a less steep decline. In
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comparison with the Pohlen et al. sample, type Il breaks are confirmed in some
galaxies like NGC 1299 and NGC 2701 (figures A.11 and A.15). Other galaxies,
however, do not show them. Examples of this are NGC 853 and NGC 1084 (fig-
ures A.6 and A.9). In almost all of the galaxies marked by Pohlen et al. as a type
III, asymmetries can be detected. As such, type III galaxies seem to correspond
to galaxies at various phases of interaction.

The type II classification also raises questions. For example galaxy UGC
7700 (figure A.69). This galaxy has been classified by Pohlen et al. as a type II
classical truncation. In this case the brake is at a radius of 50 arcseconds. The
tirst detections of truncations came from edge-on galaxies. In those galaxies
a far sharper turnoff is found. The PAS profile between 60 and 70 arcseconds
better represents these classical truncations far better than the profile around 50
arcseconds. In the original truncations publication by van der Kruit (1979), the
truncation is defined as the radius at which the profile finally becomes 0. Fol-
lowing this classification, the detected break occurs at 70 arcseconds instead of
50 arcseconds.

The breaks as defined in the Erwin et al. system clearly exists. Here it is
argued that the type II-CT’s do not represent classical truncations. Instead they
represent a seperate group of features. To avoid any further confusion in the
text, the Erwin et al. type II-CT’s will from now on be referred to as "breaks’.

Classical truncations are still an interest point of this report. Using the van
der Kruit (1979) definition each galaxy is analysed. The only division made is
between galaxies with and without truncations. In chapter A.1 the classification
per galaxy is shown. The break radius r is defined as the radius at which the
r’-band intensity goes to zero. When no truncation is found an underlimit to the
break radius is provided. This is again based on the radius at which the inten-
sity goes to zero. In some cases an unclear truncations is seen. These are marked
by the break radius followed by a questionmark. Profiles are sometimes so bad
that no valid statement can be made about them. These are therefore removed
from the dataset.

For 66 galaxies valid profiles have been derived. Of these, 20 posses a clear
truncation. Another 16 posses an unclear truncation. A total of 30 galaxies
posses no truncation.

For each of the galaxies the scalelength h is derived. This follows the least
squares line fitting as defined in chapter 2.4. Because the PAS profiles do not
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provide a non regular profile system, it cannot be used for the derivation of a
regular scalelength. In these cases equivalent profiles are used. In all galaxies
the scalelength is derived from the area between 25% and 99% of the maximal
radial range of the galaxy. The results are provided in table A.1.

In figure 3.1 the truncation radius r and scalelength & for each galaxy has
been plotted in various ways against the rotational speed v, of the galaxy. The
used v,,; stems from Pohlen and Trujillo (2006). In each plot the black dots
mark clear truncations, open dots mark unclear truncations and triangles mark
underlimits.

In van der Kruit (2008) a review of all studies on truncations was performed.
While most studies showed a clear relation between truncation radius r and
Urot, the Pohlen and Trujillo (2006) sample did not. The author speculated there
may be a problem in the interpretation between edge-on and moderatly inclined
galaxies or that the sample has not been selected purely randomly.

In this paper the Pohlen & Trujillo sample is re-analyzed using different tech-
niques. In figure 3.1 a lack of correlation is again apparant. The findings of van
der Kruit (2008) are therefore confirmed, and it is concluded that the sample of
Pohlen & Trujillo may not be a random sample.
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Chapter 4

Mapping dust

4.1 Introduction

In the previous chapter the power of the primary axis summation was shown
using a known sample of moderately inclined galaxies. Truncations however,
have been observed in both face-on and edge-on galaxies (e.g. van der Kruit
(1979) and de Jong (1996)). Comparing these two has always been hard, due to
the lack of a unifying technique.

One of the strong points of the PAS, is the independence of inclination. Be-
cause of this freedom, the technique offers an intruiging chance in comparing
galaxies at all levels of inclination. Since the line of sight through an edge-on
galaxy is far larger than the line of sight through an face-on galaxy, dust extinc-
tion will affect the first far more than the latter. The observed light intensity
thus depends on inclination. By studying the relation between inclination 7 and
brightness one can then derive the dust content of a galaxy.

Most galaxies come with two physical reference points. The first is the cen-
tral surface brightness 1, the central bright point in a galaxy. Disk breaks offer a
second reference point. This is a tricky assumption as there appear to be several
causes of disk breaks (Erwin et al., 2005). In the previous chapter the complica-
tions which can occur in classifying breaks were shown. The following chapter
will therefore only treat type II breaks, from here-on simply called breaks. Even
with this limitation the variety in break radii is still large. This can be used
as an advantage. By assuming that the breaks detected at a fixed radius will al-
most all originate from a single physical cause, the breaks will in general all have
the same brightness relation with the central brightness. By using a sufficiently
large number of galaxies, statistics should reveal any relation with inclination.
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At various levels of inclination the dust extinction will be different.

By analysing the inclination-extinction relation at various radii it should
therefore be possible to map the general dust distribution in galaxies. In the
remainder of this chapter such an analysis will be performed.

4.2 NYU value-added catalog

For any results to be statistiscally significant a large sample of galaxies at dif-
ferent levels of inclination is required. The NYU Value-Added Galaxy Catalog
is chosen as the starting point for the creation of this sample. The NYU-VAGC
is a catalog of local galaxies found in the SDSS catalog extended with galaxies
crossmatched to various other surveys (Blanton et al., 2005).

From the NYU-VAGC the low-redshift catalog is selected. This comprises of
a list of galaxies within the range of 10 < d < 150 Mpc/h. The selection crite-
rion that all galaxies should have a Sersic index lower than 2, is applied. This
criterion selects for disk dominated galaxies. The subset of all galaxies is then
sorted by relative k-band magnitude. The brightest 2500 galaxies are selected.

For each of these galaxies the g’, r” and i’-band observations from SDSS (data
release 5) are obtained. The sextractor tool (as described in Bertin and Arnouts
(1996)) is used to detect all foreground and background sources in the images.
An elliptical mask is then created covering each source. Each image and mask is
then inspected and if needed adjusted. Using the IRAF package fixpix the back-
ground contaminations are then removed. A final inspection is performed in
where-in all galaxies showing clear signs of interactions are removed from the
samlpe. Galaxies in close proximity to the edge of the image are also removed.

The end resultis a very nice sample of 1733 galaxies. In figure 4.1 an overview
of the distribution of inclinations, apparent magnitudes and petrosian radii of
the sample is shown. From figure 4.1(c) it becomes obvious that the typical an-
gular size of the galaxies in the sample is smaller than the sample used in the
previous chapter. A very likely scenario is thus the inability to detect trunca-
tions in this sample. Breaks, however, can almost always be detected.

The background noise is determined. First by placing boxes in each corner
of the galaxy and measuring the median pixel noise. Afterwards, finetuning
is performed by demanding that the axial summations at the largest radii will
hold an average of zero counts.
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Principal axis summation is then applied. Each of the 1733 profiles is in-
spected in both their median and individual quadrants. It is found that 479 of
the galaxies exhibit clearly distinguishable breaks in their profiles. Using the
technique described in chapter 2.4, the location and local surface brightness at
the break is measured. In cases where multiple breaks appear the most outer
break shall be used.

4.3 Results

In figure 4.2 the results for the r’-band reductions of 479 galaxies are demon-
strated. The sample suffers from a lack of full face-on or edge-on galaxies as
can be seen in figure 4.2(d). Most galaxies lie in the range between 55 and 80
degrees inclination.

Figure 4.2(a) already reveals the presence of dust extinction. Atlow to medium
levels of inclination, galaxies do not exhibit any strong form of extinction. The
central surface brightness is thus fairly constant. This is not unexpected as the
line-of-sight integration only slowly increases in this range. Starting from an
inclination of 65 degree a sharp decrease in the surface brightness appears. In
this range, the line-of-sight path through the galaxy is increasing exponentially.
Because of this longer pathlength, the dust extinction also increases and a lower
surface brightness is observed.

In figure 4.2(b) the surface brightness at the various breaks is demonstrated
as a function of inclination. As seen in the previous chapter, breaks occur at all
kinds of radii. A larger scattering compared to the central surface brightness is
thus not unexpected. The distribution of points still exhibits the same turnoff as
seen in the central surface brightness profiles. Dust thus still plays a role at the
various radii.

Figure 4.2(c) demonstrates the difference between central and break surface
brightness as a function of inclination. As is clear from the plot, the scattering
slowly increases with radius. This especially occurs in the last part of the in-
clination range, starting again at roughly 65 degrees. This can be explained as
follows. The assumption is that the breaks are identified in a uniform way ac-
cross inclinations. A single truncation will then always be detected at a fixed
radius, independent of inclination. The increase of scattering with radius can
then be interpreted as the impact of dust extinction. At small inclinations the
pathlength through a galaxy for both the center and the break is about equal.

24



20

maximum surface brightness
-
o]

22

21

N
S

"
®

truncation surface brightness
=
5

10

20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
inclination i inclination i

(a) Inclination against central surface bright- (b) Inclination against truncation surface

ness

0.0

-0.5

-2.5

maximum - truncation

-3.5

*4.50

brightness

100

80

number of galaxies
o
]

40

10

20 30 40 50 60 70 80 90
inclination i

inclination i

(c) Inclination against central surface bright- (d) Histogram of the distribution of galaxies

ness minus truncation surface brightness

per inclination

Figure 4.2: Overview of the properties of the 479 galaxies that exhibit type II

breaks.

25



Figure 4.3: An artistist sketch of the three bins and their relation in the galaxy. What
becomes clear is the the differences in possible pathlengths, represented as the distance
from top to bottom, in the central bin (bin 1) is far less than the other two bins.

As the inclination increases the difference in pathlengths also increases. The
difference in brightness will, on average, thus be higher with higher inclina-
tion. The breaks occur at a range of radii. For different radii the ratios between
pathlengths will depend differently on inclination. Edge-on (large inclination)
galaxies with breaks at large radii will have a significantly larger difference in
path-length ratios than edge-on galaxies with a break at a small radius. The
increase of inclination will thus lead to an increase of scattering in the path-
lengths, and thus lead to an increase of scattering in the magnitude - truncation
surface brightness measurents. This is confirmed in the figure.

To demonstrate this effect further, in figure 4.4 the data has been split in var-
ious bins. Figure 4.4(a) contains all galaxy with ry.cqr > 0.367,4,. Figure 4.4(b)
contains all galaxies with break radius 7y, between 0.36 and 0.557,,4,. Figure
4.4(c) contains all galaxies with break radius beyond 0.557,,,,. In figure 4.3 the
division of the galaxy into various bins is demonstrated.

In the first bin the scattering is relatively small. Pathlength differences in-
side the bin, are relatively small. The same region of the galaxy is probed for
all possible path-lengths. As such, the dust content distribution is of no large
influence.

The differences in the individual path-lengths probed by the second bin (fig-
ure 4.4(b)) is larger. Possible non uniform dust content distributions will also
affect this region more. This will amplify the path-length differences (inside the
bin) and as such create an even larger scattering. With the same reasoning, the
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scattering in figure 4.4(c) is also explained.

The data seem to contradict the findings of Valentijn (1990). In that paper,
evidence was found that galaxies might be opaque instead of the usual assumed
transparancy. As such only the outer layer of stars in a galaxy should be mea-
sured. It should therefore not be possible to detect profile breaks in the central
regions of edge-on galaxies. The detection of breaks at all radii as done in this
paper counters that statement. Figure 4.4(a) however demonstrates that breaks
can indeed be found in the inner regions of galaxies at all levels of inclination.
This suggests that galaxies are optically thin.

The results in this chapter should be considered a proof of concept. The
470 galaxies provide too few datapoints for any reliable model to be built. The
various subfigures in figure 4.4 provide an interesting example of the technique.
Based on these plots, it is thus believed that the galaxy dust content can indeed
be mapped by using principle axis summation.
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Chapter 5

Discussion & Conclusions

In this report, two new techniques have been developed for measuring the sur-
face brightness profiles of galaxies. The first technique is the equivalent profiles.
By assuming a perfectly circular distribution, with decline intensity with radius,
the light in a galaxy can be reprojected. A problem that hinders this technique is
the lack of averaging. As such the technique cannot dive deeper into the back-
ground noise than the absolute 1 count level.

Smoothing algorithms have been used in an effort to gain deeper resolu-
tions. It was found that this leads to an unexceptable loss of resolution at higher
intensities. A path that has not been explored, but might provide a way to dive
deeper into the data, is the use of an adaptive smoothing algorithm. In such a
system data will only be smoothed at ranges where the signal to noise level is
high.

The second algorithm developed is the Principle Axis Summation. By sum-
mating all light onto the principle axis of a galaxy, the profiles are derived. In
this system the derived profiles behave as if the galaxy was a perfect edge-on
system.

In chapter 3 both systems are compared to the dataset of Pohlen and Trujillo
(2006). From this it is found that the systems are indeed valid for surface bright-
ness profile reduction. Furthermore it is concluded that the classification sys-
tem of Erwin et al. (2005) does not seem to equal the disk truncations as found
by van der Kruit (1979). Instead, they appear to model disk breaks instead of
disk truncations. Disk truncations in the van der Kruit (1979) sense appear far
further out in the galaxy. It is also found that almost all their type III galaxies
exhibit indications non-symmetry, possibly signs of merging and interaction.
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In chapter 4 the principle axis summation is used in relation to dust. Galax-
ies at all ranges of inclination are reprojected using PAS as if they were edge-on.
In galaxies with no dust content, the PAS surface brightness profiles should
be equal at all inclinations. With inclination the physical pathlength through
a galaxy varies. A longer pathlength will suffer from more dust extinction.
Galaxies with a dust content would then have a changing surface brightness
dependence on inclination. This phenomena is indeed found. By using profile
breaks as a measure of the brightness at certain points, the dust extinction at
various radii can be mapped. While the sample was already large (479 galax-
ies), it still contained too few datapoints for any significant conclusions about
the dust content to be drawn. As such the chapter provides a proof of concept
of this system. Other interesting results can be expected from a comparison of
the g’ and i’ bands to the r” bands in this report.
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Appendix A
The Pohlen & Trujillo dataset

A.1 Derived Parameters
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Table A.1: P&T dataset derived parameters

name Urot(km/s) | h(kpc) | r(kpc) name vrot(km/s) | h(kpc) | r(kpc)
IC 1067 158 2.0 9.37 NGC 4480 169 2.8 9.37
IC 1125 106 2.5 13.1 NGC 4517A 73 5.6 13.1
IC 1158 125 3.2 12.6 NGC 4545 136 3.1 12.6
NGC 0450 118 3.2 10.4 NGC 4653 181 4.4 104
NGC 0701 140 1.8 | >13.0 NGC 4668 63 1.4 ] >13.0
NGC 0853 ? 14| >938 NGC 4904 122 16| >938
NGC 0941 91 1.9 | > 104 NGC 5147 118 1.2 | >104
NGC 1042 50 3.2 | 15.87 NGC 5300 124 2.8 | 15.87
NGC 1068 310 ? ? NGC 5334 145 ? ?
NGC 1084 173 1.7 13.5 NGC 5376 216 1.9 13.5
NGC 1087 125 2.4 ? NGC 5430 195 3.2 ?
NGC 1299 ? 1.0 | >10.5 NGC 5480 138 22| >105
NGC 2541 97 24 10.6 NGC 5584 136 ? 10.6
NGC 2543 158 3.3 16.2 NGC 5624 67 14 16.2
NGC 2684 99 1.5 ? NGC 5660 138 2.9 ?
NGC 2701 168 23 | > 175 NGC 5667 119 1.7 >175
NGC 2776 118 3.6 | >274 NGC 5668 87 28 | >274
NGC 2967 172 2.7 | >214 NGC 5693 39 25 | >214
NGC 3055 155 1.8 11.1 NGC 5713 135 ? 11.1
NGC 3246 117 29 | 11.57 NGC 5768 122 1.7 11.5?
NGC 3259 119 22| >16.6 NGC 5774 91 42 | > 16.6
NGC 3310 280 1.6 ? NGC 5806 182 2.9 ?
NGC 3359 139 4.2 23.6 NGC 5850 133 9.7 23.6
NGC 3423 122 21 | >11.1 NGC 5937 202 26 | >11.1
NGC 3488 132 28| 15.77 NGC 6070 215 ? | 15077
NGC 3583 194 3.0 | >24.1 NGC 6155 105 1.7 >24.1
NGC 3589 75 20| >95 NGC 7437 175 271 >95
NGC 3631 82 ? ? NGC 7606 291 4.9 ?
NGC 3642 45 ? ? PGC 006667 129 2.5 ?
NGC 3756 153 2.9 17.8 UGC 02081 100 3.3 17.8
NGC 3888 191 1.7 ? UGC 04393 70 2.4 ?
NGC 3893 175 2.4 ? UGC 06309 124 2.4 ?
NGC 3982 193 1.0 9.47 UGC 06518 84 1.3 9.47
NGC 3992 285 5.5 | >25.1 UGC 06903 158 3.2 | >251
NGC 4030 231 ? ? UGC 07700 94 4.2 ?
NGC 4041 284 21| >169 UGC 08041 93 ? | >16.9
NGC 4102 169 1.6 | > 12,5 UGC 08084 90 3.7 | > 125
NGC 4108B 212 23| >14.3 UGC 08237 ? 1.8 | >14.3
NGC 4108 242 1.6 | 11.67 UGC 08658 126 3.6 | 11.67
NGC 4123 134 42 | > 238 UGC 09741 ? 1.0 | >2338
NGC 4210 202 23| 1257 UGC 09837 221 3.0 | 12.57
NGC 4273 187 2.8 | > 18.7 UGC 10721 144 1.9 | > 18.7
NGC 4480 169 28 | >15.2 UGC 12709 70 49 | >15.2
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A.3 Plots for each galaxy
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Figure A.1: Galaxy IC 1067 - Pohlen en Trujillo have classified this galaxy as
I1.0o-OLR (possible Type I). A sign of truncation at 70 arcseconds is seen.
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Figure A.2: Galaxy IC 1125 - Pohlen en Trujillo have classified this galaxy as
Type I. A clear truncation is seen at 60 arcseconds.
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Figure A.3: Galaxy IC 1158 - Pohlen en Trujillo have classified this galaxy as
Type I1.o-CT. A clear trucation is seen at 80 arcseconds. Even in the Erwin et al.
(2005) this galaxy appears as a type II galaxy.
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Figure A.4: Galaxy NGC 0450 - Pohlen en Trujillo have classified this galaxy as
Type IL.o-CT. A severe problem hampering this image is the background galaxy
that is seen through the galaxy. A truncation is seen at 90 arcseconds.
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Figure A.5: Galaxy NGC 0701 - Pohlen en Trujillo have classified this galaxy as
Type ILi (possible Type 1). No signs of truncation is seen. The truncation has an
upper range of ; 110 arcseconds.
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Figure A.6: Galaxy NGC 0853 - Pohlen en Trujillo have classified this galaxy as
Type III. There is an upward bent explaining the Type III classification. Plot b
shows that the galaxy is not symmetric. No signs of a truncation is seen and an
underlimit of 100 arcseconds is set.
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Figure A.7: Galaxy NGC 0941 - Pohlen en Trujillo have classified this galaxy as
Type II-CT. No truncation is seen below 100 arcseconds.
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Figure A.8: Galaxy NGC 1042 - Pohlen en Trujillo have classified this galaxy as
Type II-AB. An indication of truncation is present at 180 arcseconds.
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Figure A.9: Galaxy NGC 1084 - Pohlen en Trujillo have classified this galaxy as
Type III. Heavily disturbed galaxy. Truncation present at 150 arcseconds.
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Figure A.10: Galaxy NGC 1087 - Pohlen en Trujillo have classified this galaxy as
Type III. From b it is clear that this galaxy is disturbed and will not be used any
turther.
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Figure A.11: Galaxy NGC 1299 - Pohlen en Trujillo have classified this galaxy as
Type III. No truncation is seen. Underlimit is set at 70 arcseconds.
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Figure A.12: Galaxy NGC 2541 - Pohlen en Trujillo have classified this galaxy as
Type II-CT. A truncation is present at 210 arcseconds.
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Figure A.13: Galaxy NGC 2543 - Pohlen en Trujillo have classified this galaxy as
Type ILi. A truncation is present at 90 arcseconds.
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Figure A.14: Galaxy NGC 2684 - Pohlen en Trujillo have classified this galaxy as
Type II-CT. Horribly masked galaxy, will not be used further.
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Figure A.15: Galaxy NGC 2701 - Pohlen en Trujillo have classified this galaxy as
Type II-AB + III. No truncation is seen below 100 arcseconds.
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Figure A.16: Galaxy NGC 2776 - Pohlen en Trujillo have classified this galaxy as
Type I. No truncation is seen and the underlimit is set at 140 arcseconds.
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Figure A.17: Galaxy NGC 2967 - Pohlen en Trujillo have classified this galaxy as
Type IlI-d. No truncation is seen. The underlimit is set at 150 arcseconds.
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Figure A.18: Galaxy NGC 3055 - Pohlen en Trujillo have classified this galaxy as
Type IL.o-CT. A truncation is seen at 80 arcseconds.
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Figure A.19: Galaxy NGC 3246 - Pohlen en Trujillo have classified this galaxy as
Type II-AB. A possible truncation is seen at 70 arcseconds.
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Figure A.20: Galaxy NGC 3259 - Pohlen en Trujillo have classified this galaxy as
Type III-d. No signs of truncation is seen below 120 arcseconds.
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Figure A.21: Galaxy NGC 3310 - Pohlen en Trujillo have classified this galaxy as
Type III. It is clearly disturbed. The galaxy is not used in the sample.
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Figure A.22: Galaxy NGC 3359 - Pohlen en Trujillo have classified this galaxy as
Type II-AB. A truncation is present at 250 arcseconds.
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Figure A.23: Galaxy NGC 3423 - Pohlen en Trujillo have classified this galaxy as
Type II-CT. No strong indications of truncation are seen. The underlimit is set
at 160 arcseconds.

64



pixels
pixels

0 5 0
arcsec arcsec

(a) r" band image (b) low luminosity r’ band image
Equivalente Profielen Principle Axis Summation
— r'SBR
— g'SBR
_7
20 — g
%‘ 25 :‘;”
8 A\ g
30 30
0 20 4‘0 60 50 160 1‘20 0 éO 4‘0 éO éD 160 1‘20
arcsec arcsec
(c) Equivalent Profiles (d) Axial Summation of 4 Quadrants

Principle Axis Summation Combined (r' band)

20 20
g 200, S0 % FRTRE R K é WMI\/
;T 25 g‘ 25
30 30
[ 2‘0 4‘0 6‘0 éD 160 1‘20 [ 2‘0 4‘0 éO éO 100 1‘20
arcsec arcsec
(e) Axial Summation of 4 Quadrants (f) Combined

Figure A.24: Galaxy NGC 3488 - Pohlen en Trujillo have classified this galaxy as
Type I1.o-CT. A not so confincing break is seen at 70 arcseconds.
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Figure A.25: Galaxy NGC 3583 - Pohlen en Trujillo have classified this galaxy as
Type IlI-d. Masking failed in this image. No signs of truncations are seen below
140 arcseconds.
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Figure A.26: Galaxy NGC 3589 - Pohlen en Trujillo have classified this galaxy as
Type II-CT. No truncation is seen below 60 arcseconds.
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Figure A.27: Galaxy NGC 3756 - Pohlen en Trujillo have classified this galaxy as
Type IL.o-CT. A truncation is seen at 150 arcseconds.
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Figure A.28: Galaxy NGC 3888 - Pohlen en Trujillo have classified this galaxy as
Type 1. A horrible profile due to the large masks. The galaxy is not used any
turther.
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Figure A.29: Galaxy NGC 3893 - Pohlen en Trujillo have classified this galaxy as
Type III-d. A lot of signs of interaction are presented. This galaxy is not used

further.

70

pixels

1000

-392 -294 -196 -98 0 98 196 294 392
arcsec

(b) low luminosity r’ band image

Principle Axis Summation

16

=
@

N
5}

surface brightness

0 50 100 150 200 250 300
arcsec

(d) Axial Summation of 4 Quadrants

Combined (r' band)

surface brightness

' S

[ 50 100 150 200 250 300
arcsec

(f) Combined



0 42 84 126 168 —168‘ - -126 —§4 ;42 0 42 84 126
arcsec arcsec

(a) r’ band image (b) low luminosity r’ band image
Equivalente Profielen Principle Axis Summation
15 ' ' ' ' ' ' f'r' SBR ' 15 ' ' ' ' ' '
— g'SBR
_7
— g'
) 20 " 20
g25 & 25
a AN a
30 30
[ iO 40 éO éO 160 1‘20 1:11) léD 0 iO 4‘0 éO éO 160 1‘20 1210 1%0
arcsec arcsec
(c) Equivalent Profiles (d) Axial Summation of 4 Quadrants
Principle Axis Summation Combined (r' band)
15 ) ) ) ) ) 15| " " " " "
w 20 " 20
g2s £ 25 \
30 30 U

0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

(e) Axial Summation of 4 Quadrants (f) Combined

Figure A.30: Galaxy NGC 3982 - Pohlen en Trujillo have classified this galaxy as
Type III. A possible truncation is seen at 90 arcseconds. Plot b again reveals the
disturbance leading to the type III classification.

71



pixels
pixels

0 303 405
arcsec
(a) r’ band image (b) low luminosity r’ band image
Equivalente Profielen Principle Axis Summation
— r'SBR

15 - ; e 15 5
—r >;

— >>;

X<
o " b3
8 20 8 20 ¢

N
&

=
bt

30 30
0 .‘;0 160 1.‘50 260 2.‘50 360 3‘50 0 50 160 1‘50 260 2‘50 360 3‘50
arcsec arcsec
(c) Equivalent Profiles (d) Axial Summation of 4 Quadrants
Principle Axis Summation Combined (r' band)
1 g 29 15
X
X
X
%
X<
; g 2
g 20 >;>§ § 20
= X =
H KX H
5 5
» 25 » 25 M
30 . . . . . . . 30 . . . . . . ’\‘/\

[ 50 100 150 200 250 300 350 [ 50 100 150 200 250 300 350
arcsec arcsec
(e) Axial Summation of 4 Quadrants (f) Combined

Figure A.31: Galaxy NGC 3992 - Pohlen en Trujillo have classified this galaxy as
Type I1.o-OLR. No truncation below 250 arcseconds.
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Figure A.32: Galaxy NGC 4041 - Pohlen en Trujillo have classified this galaxy as
Type III-d. This clearly a disturbed galaxy as seen in figure b. It is removed from
the sample.
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Figure A.33: Galaxy NGC 4102 - Pohlen en Trujillo have classified this galaxy as
Type I1.o-OLR + III. No truncation is seen below 150 arcseconds.
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Figure A.34: Galaxy NGC 4108B - Pohlen en Trujillo have classified this galaxy
as Type I. No truncation is seen below 70 arcseconds.
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Figure A.35: Galaxy NGC 4108 - Pohlen en Trujillo have classified this galaxy as
Type II-AB. A possible truncation is visible at 60 arcseconds.
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Figure A.36: Galaxy NGC 4123 - Pohlen en Trujillo have classified this galaxy as
Type I. No truncation is indeed seen below 180 arcseconds.
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Figure A.37: Galaxy NGC 4210 - Pohlen en Trujillo have classified this galaxy as
Type I1.o-OLR + IL.o-CT. A possible truncation is seen at 60 arcseconds.
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Figure A.38: Galaxy NGC 4273 - Pohlen en Trujillo have classified this galaxy as
Type II-AB + III. The underlimit is set at 100 arcseconds as no truncation is seen.
In figure a a large spiral arm far from the galaxy is seen, this may be the source
of the type III classification.
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Figure A.39: Galaxy NGC 4480 - Pohlen en Trujillo have classified this galaxy as
Type I1.o-CT. No truncation is seen below 80 arcseconds.
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Figure A.40: Galaxy NGC 4517A - Pohlen en Trujillo have classified this galaxy
as Type ILo-CT + IL.o-AB. A truncation is seen at 150 arcseconds.
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Figure A.41: Galaxy NGC 4545 - Pohlen en Trujillo have classified this galaxy as
Type I1.o-CT. A possible truncation is seen at 80 arcseconds.
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Type II-AB. A truncation is seen at 100 arcseconds.
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Type III. No truncation is seen. The underlimit is set at 80 arcseconds.
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Figure A.44: Galaxy NGC 4904 - Pohlen en Trujillo have classified this galaxy as
Type IL.o-OLR + III. A possible truncation at 120 arcseconds. This might also
stem from the observed asymmetry.
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Figure A.45: Galaxy NGC 5147 - Pohlen en Trujillo have classified this galaxy
as Type I.o-OLR + III. No truncation is seen and the underlimit is set at 90
arcseconds. Again the type Il classification in relation with an asymetric galaxy.

86



0 6 0
arcsec arcsec

(a) r’ band image (b) low luminosity r’ band image
Equivalente Profielen Principle Axis Summation
e — r'SBR e
— g'SBR
18 —r
— g
20 .
2 5
§ 24 g

26 \w 26

28 28
0 50 g'Dcl;ec 150 200 0 50 ;rocosec 150 200
(c) Equivalent Profiles (d) Axial Summation of 4 Quadrants
Principle Axis Summation Combined (r' band)
16 ) ; 16 )
18
" " 20
26 26
28 28 /\/—v
0 50 alrocgec 150 200 [ 50 ;rocosec 11’:0 260
(e) Axial Summation of 4 Quadrants (f) Combined

Figure A.46: Galaxy NGC 5300 - Pohlen en Trujillo have classified this galaxy as
Type IL.o-CT. A truncation is seen at 140 arcseconds.
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Figure A.47: Galaxy NGC 5376 - Pohlen en Trujillo have classified this galaxy as
Type IL.o-OLR. No truncation is seen and the underlimit is set at 80 arcseconds.
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Figure A.48: Galaxy NGC 5430 - Pohlen en Trujillo have classified this galaxy as
Type I1.o-OLR. A possible truncation is seen at 90 arcseconds.
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Figure A.49: Galaxy NGC 5480 - Pohlen en Trujillo have classified this galaxy as
Type IlI-d. The underlimit is set at 130 arcseconds as no truncation is seen.
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Figure A.50: Galaxy NGC 5624 - Pohlen en Trujillo have classified this galaxy as
Type III. No truncation is seen and the underlimit is set at 70 arcseconds.
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Figure A.51: Galaxy NGC 5660 - Pohlen en Trujillo have classified this galaxy as
Type II-CT. A truncation is seen at 100 arcseconds.

92



0 5 0
arcsec arcsec

(a) r’ band image (b) low luminosity r’ band image
Equivalente Profielen Principle Axis Summation
16 — rSBR
— g'SBR
18 : g
g 20 ”
g‘ 22 E"
26 \ 26
28 28
0 20 4‘0 éO 8‘0 160 1‘20 [ 2‘0 4‘0 60 éO 160 1‘20
arcsec arcsec
(c) Equivalent Profiles (d) Axial Summation of 4 Quadrants
Principle Axis Summation Combined (r' band)
' ' ' ' == 0 16 ' ' ' '
x x 1
18
« %&i w20
E X% % E
E” 22 5 x ?X( >§3< X% E" 22
5 X 5
g o oo - g
§ 24 A S R § 24
26 26
28 28 \/
[ 2‘0 4‘0 50 éO 160 1‘20 [ 2‘0 4‘0 60 éO 100 1‘20
arcsec arcsec
(e) Axial Summation of 4 Quadrants (f) Combined

Figure A.52: Galaxy NGC 5667 - Pohlen en Trujillo have classified this galaxy as
Type ILi + III. A truncation is seen at 80 arcseconds.
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Figure A.53: Galaxy NGC 5668 - Pohlen en Trujillo have classified this galaxy as
Type I. No truncation is seen and the underlimit is placed at 130 arcseconds.
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Figure A.54: Galaxy NGC 5693 - Pohlen en Trujillo have classified this galaxy
as Type II-AB. No truncation is seen and the truncation underlimit is set at 50
arcseconds.
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Figure A.55: Galaxy NGC 5768 - Pohlen en Trujillo have classified this galaxy as
Type I. No truncation is seen and the underlimit is set at 90 arcseconds.
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Figure A.56: Galaxy NGC 5774 - Pohlen en Trujillo have classified this galaxy as
Type IL.o-OLR + III. A truncation is seen at 110 arcseconds.
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Type III. No truncation is seen. The underlimit is set at 180 arcseconds.
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Type I1.o-OLR. A possible truncation is seen at 180 arcseconds.

99



pixels
pixels

-45 0 -182 -136 -91 -45 0 45 91 136 182
arcsec arcsec
(a) r’ band image (b) low luminosity r’ band image
Equivalente Profielen Principle Axis Summation
16 ‘ ‘ ‘ ‘ ; r SBR‘ 16 ‘ ‘ ‘ ‘ ‘ ‘
— g'SBR
18 —r 18
— g
20 20
é 22 E 22
% 24 E 24
£ £
3 26 \ 2 26
28 28
30 30
0 éO 4‘0 éO éO 160 1‘20 14‘l0 1230 [ éO 4‘0 éO éO 160 1‘20 11‘10 150
arcsec arcsec
(c) Equivalent Profiles (d) Axial Summation of 4 Quadrants
Principle Axis Summation Combined (r' band)
16 ‘ ‘ ‘ ‘ ‘ X X b 16 ‘ ‘ ‘ ‘ ‘
x x1
18 % x x2 18
X X
20 20
g “ % g
£ 22 X o % < N £ 22
£ R e o R £
S 24 S 24
@ 26 @ 26
28 28 o~
30 30
0 2‘0 4‘0 éO éO 160 1‘20 14‘10 1‘60 0 2‘0 4‘0 éO éO 160 1‘20 11‘30 150
arcsec arcsec
(e) Axial Summation of 4 Quadrants (f) Combined

Figure A.59: Galaxy NGC 5937 - Pohlen en Trujillo have classified this galaxy as
Type III. No signs of a truncation. The underlimit is set at 80 arcseconds.
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Type II-AB. No truncation is seen. The underlimit is set at 70 arcseconds.
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Figure A.61: Galaxy NGC 7437 - Pohlen en Trujillo have classified this galaxy as
Type II-CT. Only one quadrant can be used in the classification. No evidence is
seen for a truncation and the underlimit is set at 80 arcseconds.
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Figure A.62: Galaxy NGC 7606 - Pohlen en Trujillo have classified this galaxy as
Type II-CT. A huge galaxy with a possible truncation at 180 arcseconds.
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Figure A.63: Galaxy PGC 006667 - Pohlen en Trujillo have classified this galaxy
as Type II-AB. No truncation is seen and the galaxy underlimit is set at 100
arcseconds.
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Figure A.64: Galaxy UGC 02081 - Pohlen en Trujillo have classified this galaxy
as Type I1.CT. Masking failed horribly in this galaxy. Still a possible truncation
may be seen at 80 arcseconds.
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Figure A.65: Galaxy UGC 04393 - Pohlen en Trujillo have classified this galaxy
as Type 1. Masking failed in this galaxy. A possible truncation is seen at 70

arcseconds.
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Figure A.66: Galaxy UGC 06309 - Pohlen en Trujillo have classified this galaxy
as Type ILi. A possbile truncation at 60 arcseconds. Figure b shows a clear
asymmetry and leads to doubts about the reliabity of the data.
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Figure A.67: Galaxy UGC 06518 - Pohlen en Trujillo have classified this galaxy
as Type ILi. A clear truncation at 40 arcseconds.
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Figure A.68: Galaxy UGC 06903 - Pohlen en Trujillo have classified this galaxy
as Type IL.o-CT. A clear truncation at 90 arcseconds.

109



pixels

0
arcsec

(a) r’ band image

Equivalente Profielen

— r'SBR

18 — g'SBR
—p
20 —
a
¢ 22
g
=
el
5
v 24
]
£
2
26 \
28
0 20 40 60 80 100 120
arcsec
(c) Equivalent Profiles
Principle Axis Summation
3 x %0
18 R
X x2
X x3
20 %
ZX
X X o X x *
5 SR I
2 22 Ewg R, K X *&)&X%
£ Frx X E K XX O
2 5 XX X Xy
3 Xk XX X X %
v 24
]
£
2
26
28
0 20 40 60 80 100 120

(e) Axial Summation of 4 Quadrants

Figure A.69: Galaxy UGC 07700 - Pohlen en Trujillo have classified this galaxy
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as Type ILo-CT. A clear truncation at 70 arcseconds.

110



pixels
pixels

(a) r" band image (b) low luminosity r’ band image

Equivalente Profielen Principle Axis Summation

18 T ™
— g'SBR
_7
20 — g 20
o 22 @ 22
g" 24 g‘ 24 x
N\
526 \ 526
28 28
30 30
[ 2‘0 4‘0 éD éO 160 1‘20 0 2‘0 4‘0 éO éO 160 1‘20
arcsec arcsec
(c) Equivalent Profiles (d) Axial Summation of 4 Quadrants
Principle Axis Summation Combined (r' band)
185 ‘ ‘ ‘ ‘ x >; 0 18 ‘ ‘ ‘
x x1
x x2
20 M x x3 20
¥
2 xx % §%< 22
@ X g XX @
g’ 24 ‘E" 24
g 26 % 26
28 28
30 30 /\\
[ 2‘0 4‘0 éO 8‘0 160 1‘20 [ 2‘0 4‘0 60 80 160 1‘20
arcsec arcsec
(e) Axial Summation of 4 Quadrants (f) Combined

Figure A.70: Galaxy UGC 08084 - Pohlen en Trujillo have classified this galaxy
as Type IL.o-OLR. This galaxy might show a truncation at 60 arcseconds. But as
can be seen from b it is horribly unsymmetrical.
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Figure A.71: Galaxy UGC 08237 - Pohlen en Trujillo have classified this galaxy
as Type IL.o-OLR. No clear truncation is seen in the r’ band. The g’ band might
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possibly show a truncation. Underlimit is set at 50 arcsec.
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Figure A.72: Galaxy UGC 08658 - Pohlen en Trujillo have classified this galaxy
as Type II-CT. No truncation is found. The underlimit is set at 110 arcseconds.
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Figure A.73: Galaxy UGC 09741 - Pohlen en Trujillo have classified this galaxy
as Type III. The galaxy is not perfectly circular. A truncation is seen at 50 arc-
seconds.
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Figure A.74: Galaxy UGC 09837 - Pohlen en Trujillo have classified this galaxy
as Type II-CT. A clear truncation is seen at 70 arcsec.
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Figure A.75: Galaxy UGC 10721 - Pohlen en Trujillo have classified this galaxy
as Type IlI. Again a disturbance is seen. A truncatino is seen at 80 arcsec.
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Figure A.76: Galaxy UGC 12709 - Pohlen en Trujillo have classified this galaxy
as Type II-CT. The profile is too contaminated for any conclusions to be drawn.
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