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Abstract

Observations of nearby large-scale structures in the Zone of Avoidance have re-
vealed a number of important findings. Amongst these were large-scale structures
like the Norma cluster and the surmised Norma Supercluster. However, various
difficulties arise when extragalactic objects are investigated close to the band of
stars, dust and gas that form the Milky Way. The most severe of these problems,
star crowding and Galactic extinction, are analysed in this study. Stars super-
imposed on a galaxy can cause significant deviations in the established surface
brightness profiles of these galaxies. Furthermore, the light received from these
galaxies is reduced by the increasing amount of dust and gas in the line of sight
towards lower Galactic latitudes. In this study, a set of thirty elliptical galaxies
in the central Norma cluster region was analysed by means of high quality opti-
cal and near infrared observational data. It is found that the determination and
application of a pixel mask for interfering parts in the image offers sufficiently
good results for moderate numbers of foreground stars and with relatively lit-
tle effort. For heavy star crowding and awkwardly positioned stars or even other
galaxies close to the investigated galaxy, a more accurate method was developed:
the stars were modelled with a point spread function and thereafter subtracted.
Subsequently, the (R, — Kj) colour (which is relatively insensitive to the choice
of Galactic reddening law) and the colour excess were obtained. These were then
compared with the most commonly used measure of extinction, the DIRBE/IRAS
dust maps. The latter are, however, poorly calibrated at low Galactic latitude
and are believed to overestimate the Galactic extinction at lower latitudes. The
results obtained here do in fact show that the DIRBE/IRAS dust maps already
slightly overestimate the Galactic extinction at the position of the central Norma

cluster region.
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Chapter 1
Introduction

This introductory chapter first gives an overview over historic devel-
opments which led to the discovery of the Large-Scale Structures in
the universe (Section 1.1). The subsequent discovery of the Great
Attractor behind the Zone of Avoidance and the surveys conducted
in this area are reviewed thereafter (Section 1.2). A brief description
on the effects of the foreground extinction caused by our own galaxy
is given (Section 1.3), followed by the motivation and an outline of
this dissertation (Section 1.4).

1.1 Historical Background

Friedrich Wilhelm Herschel, who grew up in the area around Hanover, Ger-
many, before later moving to England, was an extraordinary man. Born in
1738, he passed away in 1822, at the age of 83. Probably best known to the
public at the time for his work as a composer, he is, however, remembered
best for his scientific contributions. William — as he was called in later times —
worked as an astronomer, and in this capacity built the most advanced tele-
scopes of his time; he discovered the planet Uranus and some of its moons,
discovered infrared radiation, located numerous double stars — and about

2500 nebulae (latin: clouds), which appeared as fuzzy patches of light seen

1



2 CHAPTER 1. INTRODUCTION

in the night sky. Due to the lack of a method for distance determination at
the time, these could either have been Galactic gas clouds or extragalactic
objects, i.e. galaxies.

John (Frederick William) Herschel — William’s son — not only followed in
his father’s footsteps by resurveying all of his father’s nebulae, but he added
some five hundred more, before he relocated his telescope to the southern
hemisphere, specifically to the Cape of Good Hope in Southern Africa. In
1864, he published his General Catalogue of Nebulae of about 4600 nebulae
(Herschel, 1864) of which only about ten percent had been observed be-
fore. In the 18} century, Charles Messier observed about hundred of these
(Messier, 1781).

At first, William had correctly interpreted many of the nebulae he ob-
served as stellar systems, although they were too distant to allow him to
identify individual stars. He made these findings in accordance with the
philosophical concept of ‘island universes’ (Kant, 1798). A ‘great debate’
spanned the 18" to the 20*® century, on whether the universe was populated
by multiple stellar systems — so-called ‘island universes’ — or by a single stel-
lar system. It was not clear until the 1920s whether nebulae were in fact

Galactic gés clouds or extragalactic objects, i.e. galaxies.

Later in life, William changed his opinion with regard to the view that
nebulae were simply gas clouds in our Galaxy, possibly in the process of
forming new stars. Interestingly, his son John also believed in the idea of
‘island universes’, but, realising that he had no convincing evidence, he too
went along with the more conservative alternative view of gas clouds in the

Galaxy.

As we know today, the great majority of nebulae in the General Catalogue
of Nebulae are in fact galaxies, and the catalogue therefore provided the first
revelation of the universe on a large scale. John saw that about a third of
all nebulae were concentrated into an eighth of the sky; the distribution was
irregular, with branches — or protuberances — running outwards from the

core and centred on the constellation of Virgo. He deduced that our Galaxy
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lay far from this core, but was “...involved within its outlying members ...”
and “...forms an element of some of its protuberances ...” (Herschel, 1858).
This was the first account of a large-scale structure of the universe, namely

the Virgo Supercluster.

Richard Proctor, who opposed the island universe idea, made sky plots
of Herschel’s General Catalogue of Nebulae, which showed empty voids sur-
rounded by the nebulae (Proctor, 1878). However, since the general con-
gregation of galaxies towards Virgo matched the Galactic pole, he argued
that this was too much of a coincidence and therefore in contradiction with
having no favoured alignment to the nebular system, i.e. the Milky Way. It
took the development of photographic emulsions and the development of the
100-inch telescope at the Mount Wilson Observatory to see the galaxies for
what they are: external stellar systems. In 1924, Edwin Hubble was able to
identify Cepheid variable stars in the Andromeda Galaxy, the closest of the
spiral galaxies. This was proof that galaxies were stellar systems in their own
right. Moreover, by using Cepheids as distance indicators, Hubble could show
that these island universes were too distant to be part of our own Galaxy
(Hubble, 1925). In the following years, Hubble produced a relationship that
showed the expansion of the Universe by combining his distance estimates
with the radial velocities measured by Vesto Slipher (Hubble, 1929, 1936).

In the 1930s, Harlow Shapley claimed that clouds of very distant galaxies
existed in the southern sky. This distribution of ‘metagalaxies’ was contrary
to Hubble’s claim of a more or less uniform, but random distribution of
galaxies. Hubble had examined over a thousand photographs of the 100-
inch Mount Wilson telescope, on which he identified about 44000 galaxies.
However, each photograph was small in extent and probed relatively deep,
deeper than the presently known nearby large-scale structures. Shapley, in
contrast, recognized the Metagalaxies on wide field photographs (Shapley,
1934).

In the late 1970s, Jaan Einasto presented a paper at an international

conference in which he asked whether the Universe had a. cellular structure,
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LOCAL LARGE-SCALE STRUCTURES
IN THE UNIVERSE

a B ._'- x m et
SR Lt e - 100 milflewn dlght years

Figure ).1: A schematic diagram of uearby large-scale structures withan
aboui. TOM kny/s of the position of our Galaxy. The three-dimensional strie-
tures are projected onto twao dimensions: the Supergalactic Mane of Gerard
de Vaucoulenrs, Most of the major nearby condensations tend toward this
plime. The part of the visible nuiverse that is ohseuved by the Milky Way is

inclicaied. The figure is taken fromn (Fairall. 1998, p. 75), with permission,
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In 1875, Richard Droctor had already recognized the “Zone of few Neb-
nlae”, i.e. the area in the sky where few nelmlae - or saluxies — ure visible.
When Fdwin Hubble did his survey of galuxics in 1935, lie found hardly any
gulaxics in & broad band spanuing the entire sky, 1e coined the term Aone
of Avoidance for this aren, though Zone of Obsenration seems a more acou
rate description, due to the foreground obsenration by onr own Galaxy, The
Milky Way covers about 20% of the visible night sky, and dust, gas and the
stars o the Milky Way act as o natural barrier fo stadies of the Jarge-seale
structiwe and dynamics of the universe. Galaxies appear to he fainter and
stitaller due to the increasing extinction towards the Galactic Plane. All op-
fieally selected snrveys show thig clussie Zone of Avordance, Magnitade- and
diweter-lited surveys of calaxios are ncreasingly incompaete, as they ap-
proach the Milky Way, Ilowever, surveys in wavelengths other {hian optical,
dies show that galaxies are indeerd present. Moreover, some of the most nearby

large-seale structures happen to lie in this part of the sky.

A vmmtber of optical snrveys have therelore songht to narrow the Zone
of Avoldance by wecopting galaxies with smaller diameters and lower mag-
nitades, However, the biggest complication for automated galaxy detection
is the greatly increased star density towards the Galactic Plane, Autoneated
scanning procedures tend to become contnsed about faint galaxy mages and
overluppitg and snperimposed star npages, as is often the case at low Galac-
tie latitndes. A wwunber ol people approach this prablemt by scanning sky
survey photographs by eye very diligently under high magnitication. These
searclies nucover large rmmbers of partinady obsonred galaxics down o ox-
finetion levels in the B band of 5 magnitndes or less, Today, we can give an
aimost compicte acconnt of the nearly structures due to the suceess in trac-
ing continuous structures from one side of the Galactic Plane to the other.
See Kraan-INorteweg and Lahav (2000 for a detailed deseription of the dil-
feremt snrvevs condneted in the Zone of Avoidance und Fairall and Wouadkt

(2005} for newer resnbts.

It order to trace the unveiled apparent large-scale structures in redshilt-
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space, dedicated follow-up redshift surveys have been performed by various
research groups' (Kraan-Korteweg and Lahav, 2000). However, there are
some difficulties in obtaining reliable redshifts with optical observations at
low Galactic latitudes, due to the general faintness of the galaxies. In some
cases, a star is superimposed directly on top of the nucleus of a galaxy, which
is very difficult to resolve spectroscopically, and in about 10% of these cases,
this is actually impossible.

A few degrees wide, the Milky Way remains totally opaque to optical
surveys. It is only possible to detect galaxies within this area by means
of radio observations, mainly Hland in the hard X-rays. The radio and X-
ray telescopes have to be aimed blindly, since the galaxies cannot be seen.
However, with the use of multibeam instruments, this is no longer a problem,
and many galaxies have been detected so far. Observing in the X-rays is
particularly interesting, as the hot gas in large galaxy clusters radiates in
this part of the spectrum. Thus, it is possible to detect these clusters behind
the Milky Way.

For a detailed overview of the large-scale structures in the universe and
the historic developments of their discovery, the reader is referred to the

excellent description in Fairall (1998).

1.2 Local Dynamics and the Great Attractor
Region

When it became apparent that galaxies are not distributed randomly in

redshift-space, alternative ways of measuring their distance were developed

1A very good overview over the different groupings and their research can be obtained
from the three conference proceedings for the “Unveiling Large-Scale Structures behind
the Milky Way”, “Mapping the Hidden Universe: The Universe behind the Milky Way in
HI” and the “Nearby Large-Scale Structures and the Zone of Avoidance” conferences, held
in Paris (1994), Guanajuato (2000) and Cape Town (2004), respectively. The proceedings
were published in the Astronomical Society of the Pacific Conference Series, Volumes 67,

218 and 329, respectively.



8 CHAPTER 1. INTRODUCTION

and applied. For spiral galaxies, the Tully-Fisher relation proved to be a
good way of estimating the distance (Tully and Fisher, 1977). Though not
very precise for individual galaxies, this method is nonetheless quite accu-
rate when applied to groups of galaxies that are assumed to be at relatively
similar distances from the observer, such as galaxies in clusters. Similarly for
elliptical galaxies, a strong correlation between luminosity L in the galaxy

and the central velocity dispersion oy exists:
Lo, (1.1)

known as the Faber-Jackson relation. However, this relation does not have
exactly the same slope for all luminosities. For example, cD galaxies have
a velocity dispersion oq less than the predictions of the ~ L'/* curve. The
central velocity dispersion of the bulges of spiral galaxies also follows the
Faber-Jackson relation (Faber and Jackson, 1976).

A collaboration of British and American astronomers, known as the
‘Seven Samurai’?, used detailed photometric and spectroscopic data from
elliptical galaxies to find a relationship for their intrinsic luminosity. They
discovered that, in a three-dimensional plot of velocity dispersion within the
galaxy, total brightness and average surface brightness, the galaxies showed
a nearly planar distribution and thus the D,-oy relation was born. It is
based on the ‘Donald Diameter’ D,,, the diameter of the isophote within
which the surface brightness averages to a given level, and the central veloc-
ity dispersion gg of the stars in the galaxy. With this new relation, relative
distances can be derived, and it was applied to a sample of elliptical galax-
ies by the Seven Samurai. They compared the derived distances with the
ones from galaxy redshifts and came to the conclusion that this newly de-
veloped method was not only a redshift independent way for estimating the
distance of galaxies, but it could also be used to show large-scale motions in

the nearby universe. Their stunning result was what appeared to be an infall

2David Burstein, Alan Dressler, Sandy Faber, Roger Davies, Donald Lynden-Bell,
Roberto Terlevich and Gary Wegner. A nice description of this collaboration and their

research is given in Dressler (1997).



1.2. LOCAL DYNAMICS AND THE GREAT ATTRACTOR REGION 9

pattern towards (gal. [, gal. b, cz) ~ (307°,9°,4350km/s) which is driven by
a rather large mass concentration — the discovery of what Dressler called the
‘Great Attractor’ (Dressler et al., 1987; Lynden-Bell et al., 1988). This is a
dynamically important overdensity of galaxies in the local universe (Kolatt
et al., 1995; Lynden-Bell et al., 1988; Tonry et al., 2000).

Given that the luminous matter in the universe is not randomly scattered,
as scientists such as Hubble assumed at the beginning of the 20" century,
questions arose on where the large-scale structure of the universe originated.
Obviously, the structure itself contains information about its origins, and
therefore information about the conditions and the formation processes in
the early universe. This information must be incorporated into the existing

cosmological models, constraining the possible scenarios.

However, many of the known nearby large-scale structures are partially
obscured by the Galactic Plane. For instance, the accurate extent and masses
of the Local Supercluster, the Perseus-Pisces chain, and the Great Attractor
overdensity are not known. Moreover, the two major superclusters in the
local universe, Perseus-Pisces and the Great Attractor, are at opposite posi-
tions, but at similar distances from the local group of Galaxies, yet both are
partly obscured by the foreground Milky Way. It still has to be established,
how much each mass agglomeration is contributing to the gravitational pull
on the Local Group, and whether other massive structures may be hidden

behind the Zone of Avoidance, for which no indication exists so far.

A possible contradiction might arise, for instance, if the Great Wall and
the Perseus-Pisces chain were found to be connected across the Zone of Avoid-
ance (Giovanelli and Haynes, 1982; Marzke et al., 1996). This would indicate
structures of a size bigger than 140h7y Mpc, which would be incompatible
with the angular extent of fluctuations measured in the Cosmic Microwave
Background radiation, which are considered to be the initial stages of the

large-scale structures observed today.

Another result obtained from measurements of the Cosmic Microwave

Background is the dipole anisotropy. This is explained by a peculiar motion
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at v, = 627km/s of the Local Group relative to the Cosmic Microwave
Background towards gal. | = 276°, gal. b = 30° (Kogut et al., 1993). It
is thought that this motion is caused by the distribution of matter in the
universe and the gravitational pull thereof.

When determining the gravity field at the position of the Local Group,
i.e. the acceleration of the Local Group by, for instance, using theoretical
reconstruction methods as described later, it is crucial to include the (un-
known) mass distribution that lies hidden behind the Zone of Avoidance
(Kolatt et al., 1995). Confirmation of the vector measured in the Cosmic
Microwave Background with the motion of the Local Group determined from
the matter distribution, i.e. its direction as well as its convergence distance,
will lead to constraints on the cosmological parameter €}3. To be able to
model the gravity field without knowing the hidden mass, a uniformly filled
Zone of Avoidance is often assumed, using for instance Poisson statistics.
The well-mapped regions adjacent to the Zone of Avoidance can also be ex-
trapolated — or even interpolated — into the Zone of Avoidance, or one can use
spherical harmonic analyses. However, due to inhomogeneous data coverage,
incorrect assumptions on the galaxy distribution in the Zone of Avoidance
or false assumptions on the mask to be filled in the Zone of Avoidance, the
lack of data remains one of the main uncertainties in current dipole determi-
nations, since this introduces nonexisting flow fields (Rowan-Robinson et al.,
2000).

A significant effect on the Local Group is not only caused by large, dis-
tant mass agglomerations, but also by smaller, yet somewhat closer masses.
In fact, since in linear theory the peculiar velocity v, of the Local Group
is assumed to be proportional to the net gravity field, the nearby entities
become quite important. One can determine this net gravity field from the

sum of the masses M; of all galaxies divided by the distance r; squared:

QO.G Mi R

i 1

Up X

(Kraan-Korteweg and Lahav, 2000), where ) is the density parameter and
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b the bias parameter. This can be directly determined, for instance, from the
sum of the observed galaxies in the sky, assuming a constant mass-to-light
ratio (Kraan-Korteweg and Lahav, 2000), since both the flux of a galaxy as

well as gravity decreases with r~2:

vpox » 10704 f;, (1.3)
i

It would be highly significant if nearby galaxies hidden behind the Galactic
Plane were still to be found, as this would have an important impact on the
existing models. Six of the nine apparently brightest (extinction-corrected)
galaxies are located in the Zone of Avoidance (Buta and McCall, 1999; Kraan-
Korteweg et al., 1994), and it is therefore not unrealistic to expect further
nearby galaxies to be found behind the Milky Way.

The discovery of a large nearby galaxy behind the Milky Way would have
a large impact on currently existing models of the dynamics of the Local
Group of galaxies. Assuming that the Milky Way and its massive companion
M31 separated from the Hubble flow at the time of their formation and that
they behaved dynamically like an isolated binary system ever since, one can
use the distances and motions of nearby galaxies to constrain the total mass
of the Milky Way and M31 pair, and the dynamical age of the Local Group
(Kahn and Woltjer, 1959; Lynden-Bell, 1982). However, this method, known
as ‘Local Group timing’, would be affected significantly, if, for instance, the
dominant members of the IC 342/Maffei Group were massive and near enough
(McCall, 1989; Valtonen et al., 1993). By tracing the orbits of the Local
Group galaxies back in time, using the ‘least action principle’ for instance,
this method can be extended (Dunn and Laflamme, 1995; Peebles, 1990).
Yet, this implies an accurate knowledge of the number, distance and mass
of all nearby galaxies, which can only be achieved with a sound knowledge
of the nearby universe in the Zone of Avoidance, the Galactic extinction
and the effects that extinction has on the measured parameters, like galaxy
diameters (Cameron, 1990; Nagayama et al., 2005).

One way of uncovering structures that are hidden behind the Galactic
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Plane is by reconstructing them from the adjacent data that has been found
thus far. There are two methods that are most commonly used to recon-
struct the galaxy distribution behind the Milky Way. The POTENT method
uses the peculiar velocities of galaxies to reconstruct the mass density field
(Bertschinger and Dekel, 1989; Dekel, 1994). One assumes that the motions
of galaxies are a result of gravitational fields of the underlying mass distri-
bution. The galaxies act as test particles, similar to the orbital velocities of
stars in a galaxy, which seem to indicate the presence of a massive halo (Ru-
bin and Ford, 1970). The dynamics of the galaxies should reveal the presence
of massive structures, quite independently of whether they are visible or not.
The analysis, using a software package called POTENT (Bertschinger and
Dekel, 1989), creates a smoothed velocity map, which is used to reconstruct
the underlying mass—density field. It is assumed that the flows of galaxies
are effectively laminar and free of vortex motion. Mathematically, this can

be expressed by assuming the velocity field to be irrotational:
Vxv=0. (1.4)
Using this, the velocity field v(z) can be derived from a scalar potential ¢(x):

v(z) = -V - ¢(z) (1.5)

The potential is obtained by integrating over the radial velocity field, as
only the radial component is available. The practice is complicated by noise,
errors and incompleteness of the data, which largely has to be smoothed,
often on the scales of 7 — 17 hzy Mpc, due to the irregular rather than uni-
formly dense manner in which the velocity field is sampled. Because of this,
all reconstruction methods only trace structures on the very largest scales,
i.e. on a supercluster level. However, various large-scale structures are con-
firmed entirely from the peculiar motion of galaxies, while the POTENT
maps gradually improve as more data becomes available. Using POTENT
and its counterparts, one can map peculiar flows over a surrounding region
of cz =~ 6000 km/s (Kraan-Korteweg and Lahav, 2000).
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A statistical approach on reconstructing the galaxy distribution behind
the Galactic Plane is the Wiener Filter method (Hoffman, 2000; Zaroubi,
2000). This is particularly suited to dealing with sparse, noisy and incom-
plete data, but requires a prior knowledge of the relation between the mass
and the observed galaxy distribution. It is possible to use positional infor-
mation only, by using a 2-dimensional Wiener Filter reconstruction method,
or positional and redshift information, by using a 3-dimensional method.
Several structures found by using the Wiener Filter technique have been in-
dependently confirmed, for instance, the Vela Supercluster and more recently
some major superclusters and large local voids (Erdogdu et al., 2004; Hoff-
man, 1994; Kraan-Korteweg and Woudt, 1993; Lahav, 2005; Saunders et al.,
1991; Strauss et al., 1992).

For a general description, and for reconstructions in the Zone of Avoid-
ance, see Fisher et al. (1995), Hoffman (1994) and Lahav (1994), respectively.
A comprehensive review of the various reconstruction methods, their results
and a comparison with the observed distribution of unveiled galaxies in the

Zone of Avoidance is given in Kraan-Korteweg and Lahav (2000).

It is possible to trace the galaxy distribution behind the Milky Way from
direct observations at various wavelengths. However, it can also be inferred
indirectly by analysing the peculiar motions of galaxies, using the POTENT
or Wiener Filter methods, and assuming that these arise from the irregular
mass density field in the local universe. It is even possible to infer cosmo-
logical parameters, such as {29, when comparing the directly observed distri-
bution with its reconstructed mass density field (Dekel, 1994; Sigad et al.,
1998).

When applying the reconstruction methods, both the POTENT and the
Wiener Filter methods show the Great Attractor as a main feature, amongst
others, like the Perseus-Pisces Supercluster at gal. | = 130° (Kolatt et al.,
1995). As a significant mass excess, located close to or behind the southern
Milky Way, the Great Attractor is clearly visible. It is roughly positioned at

a distance of r ~ 57 hy; Mpc and gal. [ ~ 320°, gal. b &~ 0°. However, because
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of measurement errors in the observations, scatter and zero-point uncertainty
in the adopted distance relations and the large smoothing of cz ~ 1200km/s
of the sparsely sampled field, the location of this peak is poorly defined.
Although the best evidence for the existence of the Great Attractor comes
from the reconstructed galaxy/mass distribution, the nature and extent of the
Great Attractor have been interpreted somewhat contradictorily (Dressler,
1988; Hudson, 1993a,b; Jahoda and Mushotzky, 1989; Lynden-Bell, 1991;
Rowin-Robinson et al., 1990), due to the less than perfect match between
the observed galaxy distribution and the reconstructed mass density field
(Dekel, 1994).

Although the rich galaxy cluster ACO 3627 — also known as the Norma
cluster — has been known since 1989 (Abell et al., 1989), it was only iden-
tified as a dominant cluster in 1996 (Kraan-Korteweg et al., 1996; Woudyt,
1998), when a large number of redshifts were obtained, revealing a large ve-
locity dispersion and thus a high mass. It is centrally situated within the
Centaurus Wall structure and occurs just where the Centaurus Wall is seen
to cross the plane of our Galaxy. Although the size of the Norma cluster is
comparable to the somewhat more distant Coma cluster, and although it is
the most dominant cluster in the Centaurus Wall, it is not an obvious struc-
ture in the sky, as large parts of it are hidden behind the southern Milky
Way. The position of the Norma cluster at gal. [ =~ 325°, gal. b & —7° and
cz ~ 4848km/s coincides closely with the predicted position of the Great
Attractor, but its mass is an order of magnitude too low for the cluster to
be the Great Attractor itself. It must therefore be concluded that the Great
Attractor remains a more extended mass overdensity, but it is likely that the
massive Norma cluster holds a central position as the bottom of an extended

gravitational well, similar to the Coma cluster in the Great Wall.

Observations in different wavebands are necessary to penetrate the Zone
of Avoidance effectively. Each waveband is best suited for the detection
of particular types of objects, e.g. HI-rich spiral galaxies can be observed
throughout the Zone of Avoidance in the Radio (HI) band, while galaxy
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clusters behind the Galactic Plane can be detected with X-ray surveys. As
a result, many dedicated surveys — Radio (HI), far infrared, near infrared,
optical and X-ray — were initiated and combined to search for a galaxy excess
associated with the Great Attractor. Many of these searches complement
each other in the galaxy population that they trace. An overview of the
advantages and limitations of each of these methods is given by Woudt (1998)
and a complete overview of surveys in the entire Zone of Avoidance up to
the year 2000 is given in Kraan-Korteweg and Lahav (2000). More details
on recent results can be found in the proceedings of the Nearby Large-Scale
Structures and the Zone of Avoidance conference, held 2004 in Cape Town,
South Africa (Fairall and Woudt, 2005). Most of the information given in
this chapter on the surveys that were conducted in the Great Attractor region

was extracted from these references.

For HI-rich galaxies, the least affected method of searching for galaxies
behind the Galactic Plane is by searching for the redshifted 21 cm emission
line of neutral hydrogen. The Galaxy is fully transparent to this kind of
radiation. However, gas-poor early-type galaxies as tracers of massive groups
and clusters will be missed in these surveys. Similarly, galaxies close to radio
continuum sources will not be included, nor will nearby extragalactic sources
with low redshift or even blueshift, since their spectral HI emission falls into
the Galactic emission line of neutral hydrogen (Henning et al., 1998, 2000;
Kerr and Henning, 1987).

Conveniently, detecting HI signals makes it possible not only to ascertain
the redshift of the object, but also its rotational velocity. This provides
further insight into the intrinsic Galactic properties and can furthermore be
used to relate redshift-space to real space, e.g. by applying the Tully-Fisher

relation.

In the southern Zone of Avoidance, which includes the Great Attrac-
tor region, a systematic blind HI survey has been performed, covering a
velocity range from —1200km/s up to 12700km/s with a channel spac-
ing of 13.2km/s per channel (Henning et al., 2005, 1999, 2000; Kraan-
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Korteweg et al., 1999; Staveley-Smith et al., 1998). The observations were
performed in driftscan mode, using the 64 m radio telescope of Parkes and
a specifically constructed Multibeam receiver with 13 beams in the focal
array (Staveley-Smith et al., 1996). In the Great Attractor region around
(300° > gal. | > 332°,gal. [b| < 5.5°), the survey was already analysed, and
236 galaxies above the 3o detection level of 25 mJy have been uncovered
(Juraszek et al., 2000). About 70% of these detections had not been pre-
viously identified. These new findings show that structures can be traced
all the way across the Milky Way, which supports the view that the Great
Attractor overdensity appears to be a wall-like structure, starting close to

the Pavo cluster and having its core at the Norma cluster.

The negligible effect of extinction in the long wavelengths of the far in-
frared makes it possible to do a sky survey without an imposed magnitude-
or diameter-limit close to the Galactic Plane. Thus, in 1983, the Infrared
Astronomical Satellite (IRAS)3 surveyed 96% of the whole sky in the far in-
frared. However, this survey does not consist of images, but of the fluxes at
4 IRAS passbands in the FIR, at 12, 25, 60 and 100 pm only. The resulting
IRAS Point Source Catalogue (IRAS PSC), (Meurs et al., 1988), containing

250 000 point sources, was extensively used to identify galaxies.

These identifications of possible galaxy candidates are based on flux ratios
only, for instance using feo > 0.6 Jy, f2, > fi2 - f25, and 0.8 < figo/feo < 0.5
as selection criteria (Yamada et al.,, 1993). Together with the small effect
of the extinction on the flux at these long wavelengths, the homogeneous
sky coverage of the data obtained with only one experiment is an obvious
advantage. Nonetheless, it remains difficult to probe the inner part of the
Zone of Avoidance with IRAS data because of cool cirrus sources and high
source counts of Galactic objects in the Galaxy, which have the same IRAS
characteristics as external galaxies. The upper cut-off in the third criterion

mentioned above was imposed to minimize the contamination of identified

3For a description of the abbreviations used in this dissertation, the reader is referred

to Section B in the Appendix on page 247.
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potential galaxies with cool cirrus sources and young stellar objects within
our Galaxy (Yamada et al., 1993). By doing this, however, the IRAS sur-
veys become less complete for nearby galaxies (Woudt, 1998). Furthermore,
mainly normal spiral galaxies and starburst galaxies can be identified by
using these flux and colour criteria. As a result, the IRAS galaxy sample
contained hardly any dwarf galaxies, nor the dustless elliptical galaxies. The
general difficulties in identifying galaxies at low latitudes are shown by Ya-
mada et al. (1993). In their systematic IRAS galaxy survey of the southern
Milky Way, they found a dramatic and unrealistic increase in possible galax-
ies close to the Galactic Plane with |b| < 15°. Similarly it was found that the
detection rate of IRAS galaxy candidates decreases significantly as a function
of Galactic latitude from |b] = 16° to |b| = 2° (Lu et al., 1990). These results
can only be explained by faulty galaxy identifications and therefore cause a
limit of 84% in the sky coverage in which reliable IRAS galaxy identifications
can be made (Kraan-Korteweg and Lahav, 2000).

IRAS is insensitive to the dustless elliptical galaxies, as they do not ra-
diate in the far infrared, and IRAS is therefore also insensitive to galaxy
clusters. However, galaxy clusters mark the peaks in mass density distribu-
tions. Furthermore, the broad IRAS luminosity function does result in a more
diluted galaxy distribution, since a larger fraction of distant galaxies will en-
ter a flux-limited sample compared to an optical galaxy sample, i.e. images
taken in various optical wavelenghts. These factors are causing the observed

density enhancements in IRAS galaxy samples to be rather weak.

Despite these limitations, various dedicated searches for large-scale clus-
tering within the whole Zone of Avoidance, i.e. |b} < 15°, have been done, see
Takata et al. (1996) for a summary. In these surveys, various filamentary fea-
tures and connections across the Zone of Avoidance could be identified. Most
of these coincide with structures uncovered in optical work, although they
can be more prominent in the near infrared, as can be seen, for instance,
in both crossings of the Perseus-Pisces arms into the Zone of Avoidance.

New structures have been identified, too, like the Cygnus-Lyra filament at
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gal. | =~ 60° — 90°; gal. b = 0° cz =~ 4000km/s. It was furthermore pos-
sible to confirm the three general concentrations of galaxies around Puppis
(gal. | = 245°), the Hydra-Antilia extension (gal. ! = 280°) and the Centau-
rus Wall (gal. [ = 315°) (Kraan-Korteweg et al., 1995). However, the Great
Attractor is not prominent in these IRAS observations, compared to the op-
tical or the POTENT reconstructions, and the Norma cluster is not visible at
all. This is due to the fact that these observations suffer from the same limita-
tions in highly obscured regions as optical surveys do, as IRAS colour criteria
were used to select galaxy candidates, which were then verified by visually
examining sky surveys like the Palomar Observatory Sky Survey (POSS) for
the northern and European Southern Observatory / United Kingdom Science
Research Council (ESO/SRC) Sky Atlas for the southern sky. Furthermore,
IRAS galaxy samples have been used to reconstruct the large-scale structure
across the Galactic Plane, as well as to determine the peculiar motion of the
Local Group, using the two-dimensional IRAS galaxy distribution as well
as the galaxy distribution in redshift-space. The available redshift-data for
IRAS galaxies have increased rapidly in the last years (Fisher et al., 1995;
Strauss et al., 1992), resulting in the PSC catalogue of 15411 galaxies com-
plete to feo = 0.6Jy with 84% sky coverage and a depth of 20000km/s
(Saunders et al., 2000b). Analysis of this Infrared Astronomical Satellite
Point Source Catalogue Redshift Survey (IRAS PSCz) data reveals that the
acceleration vector of the Local Group points about 15° away from the Cos-
mic Microwave Background dipole (Rowan-Robinson et al., 2000; Schmoldt
et al., 1999). Assuming full convergence at the sample boundary, about 2/3 of
the measured acceleration is generated within 4000 km/s. There is, however,
a non-negligible contribution out to 14000km/s, after which the accelera-
tion amplitude seems to have converged. Many of the prominent large-scale
structures like superclusters and voids are located behind the Milky Way.
Saunders and collaborators found that the 16% coverage of the sky miss-
ing in the IRAS PSCz catalogue causes significant uncertainty. As a result,

they initiated the ‘Behind the Plane’ (BTP) survey to increase the sky cov-
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erage by optimizing their colour criteria to fso/fas > 2.0; feo/f12 > 4.0 and
1.0 < fi00/fe0o < 5.0, and therefore minimizing contamination by Galactic
sources, and by taking K’ band images of all new galaxy candidates found.
This resulted in roughly another thousand galaxies being added to the IRAS
PSCz sample and a reduction of the coverage gap to a mere 7% of the sky
(Saunders et al., 2000a). In this IRAS PSCz plus BTP survey with 16400
galaxies, large-scale structures across most of the Galactic Plane can be iden-
tified, including the Great Attractor region, where the galaxies can be traced
to the rich galaxy cluster ACO 3627.

Two systematic surveys were recently conducted in the near infrared spec-
trum. The Deep New Infrared Southern Sky Survey (DENIS) imaged the
southern sky in Galactic latitude from —88° up to +2° in the I. (0.8 um),
J (1.25 pm) and K; (2.15 um) bands. The second survey covered the whole
sky in the J (1.25 um), H (1.65 um) and K (2.15 um) bands and was called
the 2 Micron All Sky Survey (2MASS). Both surveys mapped the sky in
declination strips that are 30° in length and 12 arcmin wide for DENIS, and
6 x 8.5 arcmin? for 2MASS.

For |b| > 10°, the DENIS completeness limits for highly reliable auto-
mated galaxy extraction, given in total magnitudes, are I, = 16.5™, J = 14.8™
and K = 12.0™ (Mamon, 1998). Similarly for 2MASS, the completeness lim-
its, given in isophotal magnitudes, are J = 15.0™, H = 14.2™ and K = 13.5™.
The main characteristics of the two surveys and their respective completeness
limits for extended sources are given by Epchtein and Skruskie (Epchtein,
1998; Epchtein et al., 1997; Skrutskie, 1998; Skrutskie et al., 1997). See also
Cutri et al. (2003); Jarrett et al. (2000).

Compared to the optical B band, the extinction for the 1., J, H and K
bands are only 45%, 21%, 14% and 9%, respectively, causing the decrease
in galaxy number counts towards lower Galactic latitudes to be considerably
slower in the near infrared, compared to the optical. However, dependencies
on morphological types, surface brightness, intrinsic colour, orientation and

star-crowding lower the number of detectable galaxies. The near infrared
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surveys appear to be particularly useful for the mapping of massive early-type
galaxies — tracers of density peaks in the mass distribution — and therefore
complement the far infrared and HI observations, which are better suited to

detecting spiral galaxies (Kraan-Korteweg and Lahav, 2000).

The efficiency of uncovering galaxies at high extinction was analysed us-
ing DENIS images in the regions of the rich Norma cluster at gal. (I,b) =
(325.3°, —7.2°), with extinction Ap on this area varying from 1.2™ to 2.0™,
and the suspected extension of the Norma Supercluster across the Galactic
Plane (Kraan-Korteweg et al., 1999, 1998; Schroder et al., 1998, 1997).

In practice, however, the B band was found to be superior to the identifi-
cation of galaxies on DENIS images to extinction levels of at least Ag = 2.0™
(Kraan-Korteweg and Lahav, 2000), and optical surveys do remain the most
efficient in identifying obscured galaxies for extinction levels of Ag > 1™ -
3™. The near infrared surveys become more efficient at lower Galactic lati-
tudes, i.e. for Ag 2 3™.0, due to higher extinction close to the Galactic Plane
and therefore the increasing incompleteness of deep optical searches. Below
latitudes of gal. |b| ~ 1° - 2°, the expectation that no galaxies could be iden-
tified due to the heavy star-crowding, was confirmed (Mamon, 1994). The
lowest Galactic latitude where galaxies were identified was at gal. b ~ 1.2°
and Ag ~ 11™. These results were verified in more recent comparisons of
optical and near infrared observations, using the 2MASS Extended Source
Catalogue (Kraan-Korteweg and Jarrett, 2005).

Deep near infrared surveys in the Great Attractor region, using the SIR-
IUS instrument attached to the Infrared Survey Facility in South Africa, the
Wide Field Imager of the ESO/MPG 2.2 m-telescope at La Silla, Chile, and
using DENIS observations, seem to suggest that a potential galaxy cluster
around PKS1343-601 is not as rich as the Pavo or Centaurus clusters (Kraan-
Korteweg et al., 2005; Nagayama et al., 2004, 2005; Schroder et al., 2005).
However, the observations show that the Cen-Crux cluster (CIZAJ1324.7-
5736) is a rich galaxy cluster.

Due to the advantages of optical surveys for identifying galaxies without
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a bias towards particular morphological type at extinction levels Ag 2 1™ -
3™, systematic deep searches for partially obscured galaxies have been per-
formed on existing sky surveys. Furthermore, new surveys were conducted
in the Galactic Plane by various collaborations, which proved that large-
scale structures can be traced to much lower Galactic latitudes despite the
foreground obscuration. Since the earliest successful attempts of narrowing
the Zone of Avoidance in 1956 (Bohm-Vitense, 1956) and the first system-
atic galaxy search in 1980 (Weinberger, 1980), almost the complete range in
Galactic longitude has been covered by searches for hidden galaxies behind
the Milky Way. Down to obscuration layers of about three magnitudes in the
B band, the Zone of Avoidance could be considerably narrowed. Galaxies
were found at even larger extinction levels of Ag = 5.0™ and higher, possibly

indicating holes in the foreground dust layer.

Unfortunately, galaxy and star images cannot yet be separated by auto-
mated measuring machines like COSMOS or APM on a viable basis below
gal. |b] < 10° to 15° (Drinkwater et al., 1995; Lewis and Irwin, 1996). Even
with the application of artificial neural networks, results are promising, but
not yet satisfying. Applying high latitude fields as training examples resulted
in acceptable hit-rates of found galaxies of 80% to 96%, albeit with a similar
number of false alarms. Conversely, the use of low latitude training-fields
resulted in almost no false alarms, but a low hit-rate of about 30% to 40%
(Naim, 1995).

Optical surveys have uncovered various important large-scale structures,
one of which is the extreme galaxy overdensity centred on the Norma clus-
ter at around gal. ({,b) ~ (325°,7°), the most massive galaxy cluster in the
nearby universe. A deep optical galaxy search and subsequent redshift obser-
vations (Kraan-Korteweg et al., 1999; Woudt, 1998) showed that this cluster
most likely marks the previously unidentified but predicted density-peak at
the bottom of the potential well of the Great Attractor overdensity. It is
similar in size, richness and mass to the Coma cluster and is shown to be

at rest with respect to the rest frame of the Cosmic Microwave Background



22 CHAPTER 1. INTRODUCTION

(Woudt, 1998). Two more clusters were identified in the Great Attractor
region. Relatively close to the Norma cluster is the Cen-Crux cluster at
gal. (I,b) = (306°,6°), cz =~ 6000km/s. More distant is the Ara cluster at
gal. (1,b) = (329°, —9°), cz ~ 15000 km/s (Woudt, 1998).

A more recent discovery (Kraan-Korteweg and Woudt, 1999) is the sus-
pected rich galaxy cluster centred on the second brightest extragalactic radio
source PKS1343-601 (McAdam, 1991), which can be identified as a giant el-
liptical galaxy at cz ~ 3900km/s (West and Tarenghi, 1989). The area
surrounding this galaxy at gal. (I,b) ~ (310°,2°) lies behind an obscuration
layer of about twelve magnitudes in the optical B band, as estimated by the
DIRBE/IRAS extinction maps (Schlegel et al., 1998). Observations in the

near infrared are therefore more suitable for locating galaxies in this area.

The X-ray band seems to be ideally suited for looking for rich galaxy
clusters behind the Milky Way. Rich clusters are strong X-ray emitters, and
their X-ray luminosity is roughly proportional to the cluster mass. More-
over, the Milky Way is transparent for hard X-ray emission above a few keV.
Limitations exist mainly for soft X-ray close to the Galactic Plane due to
the photoelectric absorption by Galactic hydrogen atoms. Furthermore, rich
galaxy cluster surveys are a good extension to the existing radio, near and
far infrared surveys, as described earlier, because these clusters are mainly
composed of early-type galaxies, which cannot be properly observed at long
wavelengths. They are generally located at the centres of superclusters and
Great-Wall-like structures, and they mark the density peaks and the deepest
potential wells within these structures, due to their high mass-to-light ratios.
Consequently, identifying the positions of these clusters can help us to un-
derstand the observed velocity flow fields introduced by these overdensities

and to trace the large-scale structures.

Despite these prospects and the fact that four of the seven most X-ray
luminous clusters in the 2-10 keV range lie at latitudes below (|b] < 20°)
(Edge et al., 1990; Fabian, 1994), a systematic search in the X-ray band
for galaxy clusters behind the Milky Way has only recently begun (Ebeling
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et al., 1999, 2000). This Clusters in the Zone of Avoidance (CIZA) project is
utilising the ROSAT All Sky Survey Source Catalogue (Ebeling et al., 2002;
Voges et al., 1999). Of the 1901 X-ray sources with nominal X-ray fluxes
within the CIZA study area, 191 galaxy clusters could be identified so far
(Ebeling et al., 2005).

The disadvantage of ROSAT is that the measurements are affected by the
photonic absorption by the Galactic hydrogen atoms close to the Galactic
Plane, due to its observing region in the soft X-rays (0.1 — 2.4keV). Despite
this shortcoming, it does have an advantage over the first experiments, like
Uhuru, Ariel V and HEAO-1, since it has a better angular resolution, which
reduces the problem of confusing Galactic sources with clusters. This had
happened, for instance, with the Norma cluster, the 6th brightest cluster in
the ROSAT X-ray All Sky Survey (Bohringer et al., 1996; Tamura et al.,
1998), which was — due to the low angular resolution of the used HEAO-1
all-sky data — confused with the neighbouring X-ray bright Galactic X-ray
binary 1H1556-605 in the first attempt to identify galaxy clusters in the Zone
of Avoidance by means of their X-ray emission (Jahoda and Mushotzky,
1989).

An on-going XMM-Newton survey of galaxy clusters at z < 0.075 located
within a 40 x 40 square degree region around the approximate location of the
Great Attractor shows that the Cen-Crux cluster is about one-third as mas-
sive as the Norma cluster (Bohringer et al., 1996; Mullis et al., 2005; Tamura
et al., 1998). However, although X-ray emission in the area around PKS1343-
601 has been shown before (Tashiro et al., 1998), the lack of emission detec-
tion in the CIZA survey seems to suggest that no large galaxy-cluster will be
found at this position (Ebeling et al., 2002, 2005).

Newer results from the CIZA project suggest that a potential component
of the Great Attractor is an extended triangular structure that is viewed
almost edge on. It is centred at cz =~ 4500 km/s and formed by the Cen-Crux
cluster (CIZAJ1324.7-5736), the Norma cluster and the Centaurus cluster
(Ebeling et al., 2002). Another large-scale structure was identified with CIZA
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at a distance of cz =~ 15000 km/s. This structure appears to be a chain of
X-ray selected clusters that starts from the Triangulum Australis Cluster and
crosses the Galactic Plane northward up to the Shapley Supercluster. This
may well be the reason for the lack of observational evidence for backside
infall into the Great Attractor at cz =~ 4500km/s. Therefore, estimates of
the masses of the CIZA clusters in this structure have to be critically assessed
(Ebeling et al., 2005; Mullis et al., 2005).

To get a whole sky coverage of bright X-ray clusters, a combination of
several cluster samples is planned, using the final CIZA cluster sample, the
ROSAT Brightest Cluster Sample at |b| > 20° and 6 > 0° (Ebeling et al,,
2000, 1998) and the REFLEX sample at || > 20° and § < 2.5° (Bohringer
et al., 2004). The resulting list of clusters will be ideally suited to studying
large-scale structures, and especially the connectivity of clusters and walls
across the Galactic Plane, as well as assessing the Cosmic Microwave Dipole
Anisotropy (Kocevski et al., 2005).

Whereas observations in different wavebands were conducted to narrow
the obscuration layer of the Milky Way to a smaller latitude, a number of
spectroscopic surveys were carried out to map the distribution of galaxies in
redshift-space (Lahav, 2005). Redshift surveys have become very powerful
nowadays. The Two degree Field facility (2dF) at the Anglo Australian
Telescope is a 400-fibre optical spectrograph with a 2°-diameter field of view,
which can deliver up to 400 spectra during one single observation. Over 220
000 redshifts have thus been obtained in the 2dF Galaxy Redshift Survey
(2dFGRS).

In the Great Attractor region, a deep redshift survey was conducted in the
Norma cluster area (Woudt, 1998; Woudt and Kraan-Korteweg, 2000; Woudt
et al., 1999, 2000a,b) and more recently, results from the Two degree Field
facility have become available for this particular region (Colless et al., 2001;
Lewis et al., 2002). This will be followed soon by data becoming available
from the Siz degree Field facility (6dF) survey, which will give even further

detailed information on the redshift distribution of galaxies (Huchra et al.,
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2005; Jones et al., 2004, 2005).

The distribution in redshift-space clearly shows the large-scale structures
in the nearby universe and — when presented and analysed appropriately —
the data can help to identify new structures (Fairall et al., 2005a,b; Huchra
et al., 2005). However, due to the peculiar velocities of the galaxies, it does
not represent the exact spatial galaxy distribution; see Fairall (1998) for a
good illustration.

As mentioned earlier, redshift-independent distances can be obtained by
making use of the Tully-Fisher (Tully and Fisher, 1977) and the Faber-
Jackson relations (Faber and Jackson, 1976). Both can be used to determine
the total amount of light we receive from a galaxy. However, much of it comes
from the faint outer parts; thus distances derived from the Faber-Jackson re-
lation are not very precise. Nowadays, the latter of the two is replaced by
the more efficient D,,-0¢ relation (Dressler et al., 1987).

The Faber-J ackson relation has residuals that are clearly correlated with
galaxy properties. There exists a linear relation between the logarithm of
three main properties of ellipticals that form what is called the Fundamental
Plane. These quantities can be the effective radius r., the central velocity
dispersion 0 and the mean surface brightness p,, or some related quantities
such as the ‘Donald Diameter’ D, enclosing a mean surface brightness with
a particular value, i.e. the ratio of the flux within an isophote to the area
encompassed by the isophote (Djorgovski and Davis, 1987; Dressler et al.,
1987). The equations of this plane can be used for more precise distance
determinations than the Faber-Jackson relation. A good overview over the

origin and use of the Fundamental Plane is given in Hogg (2001).

1.3 The Galactic Foreground Extinction

In conclusion, then, to be able to explore the extragalactic sky in the Zone of
Avoidance, one needs an exact knowledge of the foreground extinction caused

by the Milky Way and a clear understanding of the effects of this extinction
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on the observed parameters. The latter issue was partly investigated in the
optical wavelengths and the near infrared (Cameron, 1990; Nagayama et al.,
2004), but it does need further attention, especially for other wavelengths.
Since the Galactic foreground extinction is a function of the wavelength,
the mean extinction at a given wavelength A,, compared to the visual ex-

tinction Ay, can be expressed as:
Ay/Ay = a(1/X) +b(1/A)/Ry. (1.6)

The value of the interstellar extinction is a function of the ratio of total to
selective extinction Ry = Ay/E(B — V), and depends on the environment
along the line of sight through the galaxy (Cardelli et al., 1989). A standard
value of Ry = 3.1 is applied for the diffuse interstellar medium, but for dense
molecular clouds, this value can be higher (Ry > 4). However, shifts in
effective wavelength are being ignored in observations that look for the ratio
of total to selective extinction, although it is known that these depend on
reddening and the intrinsic colours. This can lead to significant errors in both
magnitudes and distances for galaxies that are heavily reddened by dust in
the Milky Way (McCall and Armour, 2000). For an overview of interstellar
dust in the Galaxy, see Mathis (1990).

Until the end of the 20" century, the Galactic extinction in the Zone of
Avoidance has been estimated by means of Galactic neutral hydrogen column
density maps (Burstein and Heiles, 1982). Although these maps do not cover
the Zone of Avoidance (|b] < 10°), they can be extrapolated by assuming a

constant gas-to-dust ratio:

N 4

using the Galactic column densities Ng; (Hartmannn and Burton, 1997; Kerr
et al., 1986).

However, the gas-to-dust ratio varies, and for some regions, e.g. 230° <
[ <€ 310° and —20° < b < 20°, the Great Attractor region, increases of up

to a factor of two have been suggested, resulting in a severe overestimation
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of the extinction (Burstein et al., 1987). Furthermore, the HI line might be
saturated close to the Galactic Plane (|b] < 2°), resulting in underestimation
of the extinction (Kraan-Korteweg and Lahav, 2000). This, however, can
be avoided by using the Galactic CO as a tracer of extinction at these low
latitudes (Dame et al., 1987).

An improved estimate of the Galactic foreground extinction is given by
the 100 um extinction maps from the DIRBE/IRAS experiment (Schlegel
et al., 1998). These maps have a better resolution of 6.1’, rather than ~ 20’ -
30 for the HI maps, and claim to be of factor of two better at low and mod-
erate extinction, compared to the previously used neutral hydrogen maps
(Schlegel et al., 1998). However, the DIRBE/IRAS maps are only calibrated
by extinction measurements away from the Galactic Plane, and the accu-
racy of these maps still needs to be established close to the Galactic Plane
(|b| < 10°) (Schlegel et al., 1998). By using photometry and measurements
of the colour-Mg, relation (Bender et al., 1993), a pilot study on 18 early-
type galaxies has shown that the DIRBE/IRAS maps provide a good esti-
mate of the Galactic extinction at least down to a Galactic extinction of
E(B —V) < 0.5mag (Woudt, 1998). Although a systematic underestimation
by a factor of f = 0.86 for moderate to high DIRBE/IRAS reddening was
found, this finding is based on only a few galaxies in a small region of the Zone
of Avoidance, and it therefore seems too early to incorporate these results
into the DIRBE/IRAS maps. Further calibrations of the DIRBE/IRAS maps
have already been done (Nagayama et al., 2005; Saito et al., 2000; Schroder
et al., 2005; Temporin et al., 2000; Woudt et al., 2005). In particular, the
colours of the galaxies in the Zone of Avoidance as identified with the near
infrared surveys DENIS and 2MASS provide a large database for the cali-
bration of the DIRBE/IRAS maps at low Galactic latitudes (Schroder et al.,
2005). Despite these calibrations, there are still uncertainties regarding the
accuracy of the DIRBE/IRAS maps (Arce and Goodman, 1999; Burstein,
2003, 2005; Hudson, 1999; Nagayama et al., 2004; Woudt et al., 2005).
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1.4 Motivation and Outline of this Disserta-

tion

The rich Norma cluster can be used to address some outstanding issues re-
garding the Great Attractor region and the large-scale structures surround-
ing it. It is still not known, whether the Great Attractor is a nearby over-
density at cz =~ 3200km/s (Tonry et al., 2000) or if it is more distant at
cz = 4500km/s (Kolatt et al., 1995). The Norma cluster might also be
located at the bottom of the potential well of the Great Attractor. Fur-
thermore, the Great Attractor itself may take part in a flow on even larger

scales.

In order to approach these problems, peculiar motions of galaxies in the
Great Attractor region need to be identified. This, however, is not a trivial
task, as the many problems that occur need careful consideration (McCall
and Armour, 2000). Some of these uncertainties are caused by the Galac-
tic foreground extinction (Hudson, 1999) which affects the correction of ob-
served parameters like magnitudes and isophotal diameters (Cameron, 1990;
Nagayama et al., 2005). Another difficulty arises at low latitudes as a result
of the rising numbers of stars. The effect of star-crowding not only makes
automatic identification and classification of galaxies difficult, but also influ-
ences the photometry obtained of the partially obscured galaxies (Buta and
McCall, 1999), e.g. for galaxy searches in the near infrared, the heavy star-

crowding becomes a significant delimiting factor (Kraan-Korteweg, 2005).

This dissertation attempts to address these questions, by using a sample
of 32 early-type galaxies within the inner part of the Norma cluster. High
signal-to-noise spectra have been obtained with the 2dF system, as well as
deep R. band photometry of the entire Norma cluster within its Abell radius,

and K, band photometry for selected galaxies.
Various methods to account for the heavy star-crowding were tested and
compared in this dissertation. By either ‘clipping’ or masking out the stars, or

by modelling their shape, followed by subtracting modelled artificial stars, the
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images were prepared, so that the galaxies in the images could be examined
independently of the numerous foreground stars. At times, the high stellar-
density (e.g. several ten thousand stars per square degree brighter than 20"
magnitude in R.) resulted in obvious deviations in the surface brightness
profiles obtained. After determination of the best reduction method, accurate

R, and K, magnitudes were derived for the sample.

These results were then compared with data obtained from 2MASS, and
the (R. — Kjs) colours of these galaxies were determined and used to examine
the Galactic reddening. By making use of relations that link the Mg, in-
dices and o to the intrinsic colours of galaxies, the Galactic reddening was
determined to provide an accurate measure of the extinction (Bender et al.,
1993), independently of the assumed reddening law. This was then used to
compare the foreground extinction around the central region of the Norma
cluster with the predictions from the existing DIRBE/IRAS extinction maps
(Schlegel et al., 1998).

The presented account of the work done here is divided into three parts,
or volumes, of which the first one is considered to be the dissertation itself.
The second and third parts are appendices to the first part and were detached

from the first part due to the extended volume of their content.

The second part contains supplementary results in the form of a catalogue
of images and plots of the galaxies that were investigated. It offers further
insight into the data set, which will be relevant for further analysis. The third
part contains a detailed description in the form of a tutorial that explains
some of the techniques that were developed and applied to the work displayed
here. Although an overview of all the procedures adopted in this dissertation
is given in the main part, the reader can gain more insight into the work by
looking at the detailed third part.

The first part of this dissertation continues in the next chapter by de-
scribing the data that were obtained (Sections 2.1 to 2.3) and setting out
how these data were reduced (Sections 2.4 to 2.6).

As one of the main tasks of the work presented here, four procedures for
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overcoming the heavy foreground star-crowding were developed and applied
to the data. In the third chapter, Sections 3.1 to 3.4, each of these four
methods is described in detail. This is followed by an internal comparison of
the corresponding results in Section 3.5.

In Chapter 4, the extraction of various attributes from the data is illus-
trated. The sky brightness for the optical and infrared data is determined
in Section 4.1. Sections 4.2 and 4.3 outline the establishment of surface
brightness profiles, subsequently resulting in the determination of integrated
magnitudes, and the determination of circular aperture photometry for the
galaxies, respectively. This is followed by an internal comparison of the
subsequent results for the eight different CCDs of the Wide Field Imager
instrument in Section 4.4. For the results obtained in the near infrared, an
external comparison with data from the 2 Micron All Sky Survey is given
in Section 4.5. Details in Section 4.6, about how the effective radii and
magnitudes for each galaxy were obtained, are followed by an account on
the determination of the apparent galaxy colours in Section 4.8. Lastly, the
photometric corrections that had to be applied to the data are described in
Section 4.9.

The principal results from the work described in the previous three chap-
ters are given in Sections 5.1 and 5.2. Secondary results are given in the
second part of this dissertation. In Section 5.1, the obtained properties of
the galaxies are given, while the colour excess in the central Norma cluster
region is investigated in Section 5.2.

Finally, in the last chapter, the developed methods and the obtained
results are put into a general context, and a brief outline of future prospects

is given.



Chapter 2
Observations and Reductions

This chapter first determines the selected set of galaxies (Sec-
tion 2.1), and then gives a description of the instruments that were
used (Section 2.2). The observations and the reductions thereof are
illustrated (Sections 2.3 and 2.4, respectively), and an explanation of
the photometric calibration and a brief report on the astrometry are
given at the end of this chapter (Sections 2.5 and 2.6, respectively).

2.1 Dataset

The mechanisms developed in this dissertation, e.g. to derive properties such
as galaxy brightness in severely star-crowded regions, ought to be tested and
compared based on a reasonably large set of data. Similarly, the applica-
tion of the obtained magnitudes, e.g. to calculate the (R, — K;) colours and
Galactic extinction and to derive an initial Fundamental Plane of the Norma
cluster, determined the selection criteria for the galaxies that were chosen.
The following first selection rules were applied to obtain an initial set of

galaxies:

1. position — galaxies within a radius of 100 arcmin of the centre of the
Norma cluster at gal. (I,b) = (325.3, —7.2), as defined by the strong
radio galaxy PKS 1610-608,

31
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2. galaxy type — elliptical and lenticular galaxies,

3. brightness — the brightest galaxies in apparent magnitude in the Bj;
band, with a limit of 17.5™, and

4. redshift — confirmed cluster members based on a reliable redshift mea-
surement within the range 2500 < cz < 7000km/s.

To find the galaxies that fulfilled these criteria, the service from the
ViZieR! catalogue access tool and the SIMBAD? database were used in con-
nection with data presented by Woudt (1998). ViZieR allows one to restrict
searches for objects to a circular area of chosen radius at a given position
and includes the most recent information about the objects, taken in this
case from Woudt (1998) through SIMBAD. The application of the described
selection rules resulted in a preliminary dataset of 64 galaxies.

When the work on this set started, further restrictions were applied, re-
lated to the data that were going to be used. Since new accurate redshifts
were available from observations obtained with the Two degree Field (2dF)3
spectrograph (Dr. Lucey, priv. comm.), these were given preference. How-
ever, this reduced the dataset to about half the previous number. On the
already prepared R. and K band exposures (cf. Section 2.4 on page 39),
each galaxy was examined visually to confirm that each object was indeed
an elliptical or lenticular galaxy. Table A.1 on page 193 in Appendix A.1l
shows the galaxies that were excluded from the initial set.

The final subset of galaxies used in this dissertation consists of a mere
32 galaxies that were left after the described selection process. An overview
of positions of galaxies in this set is given in Figure 2.1 on page 33, plotted
in equatorial and galactic coordinates, respectively. The tabulated data can
be found in Appendix A.1, Table A.2 on page 194. However, for two galax-

ies shown in this Table, the magnitudes for only one filter were obtained.

Yhttp:/ /vizier.u-strasbg.fr/
2http://simbad.u-strasbg.fr/
3For a description of the abbreviations used in this dissertation, the reader is referred

to Section B in the Appendix on page 247.
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Figure 2.1: Position plots of final galaxy set as shown in Table A.2 on
page 194 in Appendix A.1. Equatorial coordinates are shown at the top and
galactic coordinates at the bottom. Compare also with Figures 5.2 and 5.3

on pages 151 and 152, respectively, in Section 5.2.
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The galaxy WKK 6075 remained in the sample by mistake, although no
K, data were available, and for the galaxy WKK 6116, the radius for mod-
elling the galaxy was not extended far enough to derive the Rco3 magnitude
(cf. Section 3.4 on page 65). The magnitudes derived for these two galaxies
were therefore not used for colours and extinction. More details about each
galaxy in the set can be found in Chapter 5 on page 121 and in Part II of

this dissertation.

2.2 Telescopes and Instruments

High quality photometric data from two photometric bands were used to
obtain the magnitudes and colours for the galaxies in the final galaxy set.
Both of these, the R, band and the K; band, lie at the long wavelength end
of the optical and near infrared spectrum, respectively, and are therefore the
filters that are the least effected by the Galactic extinction in their spectral
range. Furthermore, the (R. — K;) colour is relatively independent of the
assumed reddening law. However, one should note that the R, is very broad
and the reddening law used by Schlegel et al. (1998) and in this dissertation
is founded upon broad-band photometry (Cardelli et al., 1989). Now, Bessel
(1990) has stated that the effective wavelength shifts significantly with spec-
tral type and Fitzpatrick (1999) has indicated that the R, band is where
monochromatic and broad-band reddening laws differ significantly, primarily
because of the sensitivity of the band to effective wavelength shifts.

The telescope that was used for the optical observations was the Maz
Planck Gesellschaft | European Southern Observatory (MPG/ESQO) 2.2m or
2p2 telescope situated in La Silla, Chile. The telescope has a focal reducer-
type camera mounted permanently at its Cassegrain focus. This Wide Field
Imager (WFI) instrument consists of a mosaic of 4 x 2 CCD detectors with
narrow inter-chip gaps, plus one CCD for the auto-guider. It has a detector
coverage of 34’ x 33’ and therefore a field of view with a diameter of almost

0.8°. Each chip consists of 2048 x 4096 pixels and offers excellent sensitiv-
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ity from the atmospheric ultraviolet cut-off at around 320nm to the near
infrared. Only under the most superb seeing conditions will the pixel size of
0.238 arcsec undersample the point spread function. The WFI instrument is
a joint project between the ESO, the Maz Planck Institut fiir Astronomie in
Heidelberg, Germany, and the Osservatorio Astronomico di Capodimonte in
Naples, Italy (Baade, 1999).

Near infrared observations were obtained using the Son of ISAAC*
(SOFI) instrument attached to the ESO 3.6 m New Technology Telescope
(NTT). This telescope has an alt-azimuth mount and is housed in a rotating
building with excellent in-built thermal control. It has a thin main mirror
that enables the mirror’s shape to be preserved in all telescope positions
by altering the pressure from the mirror’s support structure — the so-called
active optics® system.

SOFI is the infrared spectrograph and imaging camera attached to the
NTT. It is equipped with a 1024 x 1024 pixel Hawaii HgCdTe array, man-
ufactured by Rockwell Scientific, and the instrument offers multiple observ-
ing modes, namely low and medium resolution spectroscopy with varying
slit sizes, imaging polarimetry and imaging with different plate scales and
broad and narrow band filters. For the data in this dissertation, only the
Large Field imaging observing mode was used. This gives a scale of about
0.288 arcsec/pixel and a field of view of 4.94' x 4.94'.

In addition to the optical and near infrared data, spectral observations
were conducted by the Anglo-Australian Observatory (AAO) (Dr. Lucey,
priv. comm.). Initially, the spectroscopy was to come from the South African
Astronomical Observatory 1.9m telescope, but these data were superseded
by the higher quality Two Degree Field system (2dF) data obtained subse-

quently. The 2dF is a complex astronomical instrument that is designed to

4 Infrared Spectrometer and Array Camera (ISAAC) - the ‘father’ of the SOFT instru-

ment.
5 Active optics means that the shape of the mirror is maintained in each position of the

telescope, unlike adaptive optics where the shape of the mirror is correcting for atmospheric

turbulences.
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Figure 2.2: Orientation and labelling of the WFI CCDs. The picture is taken

from http://www.ls.eso.org/, with permission.

allow the acquisition of up to 400 simultaneous spectra of objects anywhere
within a two degree field in the sky. It consists of a wide field corrector, an
atmospheric dispersion compensator, a robot gantry that positions optical
fibres with up to 15 microns or 0.25 arcsec accuracy, and two spectrographs,
each of which accepts 200 of these fibres to produce low to medium resolu-
tion spectra. Each spectrograph contains a science-grade TEK 1024 x 1024
pixel CCD with focus of 2 to 2.5 pixels over the entire chip and without bad
columns. A tumbling mechanism with two field plates allows the next field

to be configured while the current field is being observed.

The 2dF system is mounted at the prime focus of the Anglo-Australian
Telescope (AAT), a 3.9m optical telescope situated at Siding Spring, New
South Wales, Australia.
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2.3 Observations

The optical data used in this dissertation are taken from observations with
the ESO 2p2 telescope, conducted by Dr. Woudt during three nights from
the 18" until the 21% of May 1999. Deep R band photometry was obtained,
using the filter ESO #3844, which corresponds to the Cousins R photometric
band (R.) (Baade, 1999).

The entire Norma cluster was observed out to the Abell radius (=
3hz, Mpc = 2.1h7) Mpc), which, at the redshift distance of cz =~ 4800km/s
of the Norma cluster, corresponds to about 1.75 degrees in the sky. The re-
sulting exposures cover about 10 square degrees of the sky. For each of the
observed fields, five exposures were taken, which were slightly shifted with
respect to each other. This technique is effectively used to reduce the effect
of differences in sensitivity on the CCDs and in the optical pathway of the
telescope, like bad and hot pixels, and to eliminate the gaps between the
CCDs, allowing full coverage. Every two hours, standard stars from the Lan-
dolt selected areas were observed (Landolt, 1992) to be able to calibrate the
data photometrically. A contamination problem of the CCDs on the WFI
occurred during the time of the observations. This problem was apparent as
a progressive loss of sensitivity, but it has not, however, compromised the
quality of the data observed (Dr. Woudt, priv. comm.).

An overview of the data extracted from the optical observations related
to the galaxy set described in Section 2.1 on page 31 is shown in Table A.3
on page 196 in Appendix A.1. The number of each observation field was
defined by Dr. Woudt (priv. comm.) whereas the CCD number and the
observing date were extracted from the FITS file header. The exposure time
and airmass stated were calculated from the FITS header information, and
the FWHM was obtained by using the JRAF task imexamine. For each
galaxy, the sky brightness u%l;y was calculated as described in Section 4.1
on page 86. For observation fields that included more than one object, the
calculated mean is shown in in Table A.3.

A selection of galaxies in the Norma cluster was observed by Dr. Schroder
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with the ESO NTT during four consecutive nights from the 9** of June 20000
onwards. For each galaxy a series of 10 X 4 exposures with each 7.5s was
observed with the K band filter of the SOFI instrument. For the same
reasons as for the optical observations, the telescope position was slightly
changed every 30 seconds (after 4 repeated 7.5s exposures), resulting in 10
shifted images. During the two photometric nights (9" to the 11** of June
2000), standard stars from Persson et al. (1998) were observed approximately
two hours apart throughout the night. In analogy to the galaxy observations
described, the standard stars were observed at four slightly shifted telescope

pointings, each time for 10 x 7.5 seconds (Dr. Woudt, priv. comm.).

An overview of the data extracted from the near infrared observations
related to the galaxy set described in Section 2.1 on page 31 is summarised
in Table A.4 on page 200 in Appendix A.1. The observing date was extracted
from the FITS file header. The exposure time was 7.5 seconds for each expo-
sure, and the airmass stated was calculated from FITS header information.
The FWHM was obtained by using the IRAF task imexamine. For each

sk;

galaxy, the sky brightness p3) was calculated as described in Section 4.1 on

S

page 86.

As part of the preparatory work for this dissertation, proper astrometry
on visually identified galaxies in the Great Attractor region had to be es-
tablished by Dr. Woudt, the author and others (cf. Section 2.6 on page 44).
The determined galaxy positions were then used by the AAO to measure the
galaxy spectra and to determine the radial velocity or redshift and the veloc-
ity dispersion for each galaxy. The results concerning the whole Great Attrac-
tor region will be published elsewhere in a new galaxy catalogue (cf. Section 6
on page 167). In this dissertation, only the velocity dispersions obtained for
the selected set of galaxies (cf. Section 2.1 on page 31) were used to get a
reddening -independent estimate of the galaxy colours and the Galactic ex-
tinction, cf. Section 5.2 on page 149. An overview of the data used from the
2dF is given in Table A.5 on page 202 in Appendix A.1. It was generously
provided by Dr. Lucey and will be published in full elsewhere (Dr. Lucey,
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priv. comm.).

2.4 Data Reduction

The optical data obtained by means of the WFI has been flatfielded and
bias-subtracted using the MSCRED package in IRAF. However, considerable
variations in the background of up to 10% remained after flatfielding, with
varying patterns for each of the eight CCDs. By removing all of the brighter
stars from the object frames and by median-combining these images using a
sigma-clipping technique, a superflat was created. After correcting the data
with the superflat, the variations in the background level were reduced to
less than 1%. For each of the observed fields, five exposures were taken,
each slightly shifted in relation to the others, but centred on one exposure.
These five images were combined and aligned, using the tasks imcombine
and imalign within JRAF, whereby the ‘ccdclip’-option in imcombine was
effectively used to clip out the bad and hot pixels on the WFI CCDs. Since
the ESO hierarchical keywords in the FITS header information are unfor-
tunately not compatible with many FITS readers, e.g. IRAF, the necessary
conversions had to be conducted using the program hierarch28 available
from the ESOS. After this conversion, all relevant information necessary for
the data-processing could be calculated with the IRAF task asthedit and
inserted into the FITS-header by using hedit (Davis, 1994; Jones and Valdes,
2000). Once this had been done, smaller sub-images were cut out from each

image for each galaxy of about 800 x 800 pixels, centred on the galaxy.

The near infrared data from the SOFI instrument were flatfielded and
reduced by Dr. Woudt (priv. comm.) and the 2dF spectra were processed by
Dr. Lucey (priv. comm.). A few header keywords needed to be updated in
the SOFI FITS-files; the updated information was entered into the header
with the JRAF task hedit (Davis, 1994).

Shttp://archive.eso.org/saft/



40} CHAPTER 2, QBSERVATIONS AND REDUCTIONS

Fignre 2.3 The central leld of the Wide Tield Tmager observalions. Lhe
five exposures that were taken for each CCT) were connbined iuto oue image,
This resuited i an overlap of the exposires, thierehy coveriug Lie whole area,
witiwntl leaving paps botween the CODs. This plus the overlapping of
the observation Nelds dirring the observation - nade L possible o ohserve
several galaxies witll more o one CCD, which wos nsed for the internal
comparison of the CCDe in Chapter 5 on page 121, The seale indicaled al
Lhe bottom right corresponds to 300 wresec. Tie widtl and leighn of tliz
conlaned tage s 356 arcmin and 31,8 arc:nin, respectively, resitlting in a
dingonal ol 0.820 degree. North is at the top and Fast ig on the lefr side

Ao compare this wicth Tignres 2.2 and 24 on pages 36 and 11 respectively,
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Figure 2.4: The WTI'T observations used in this dissertation. The 10 fields
used here are a subsct of the 46 fields observed in total, covering the whole
Norma cluster, The indicated cirele marks hall the Abell radins and has a
dinneter of aboul 1.75 degree. Furthermore, the overlap of cach feld and
pach COD exposure can be seen. Also compare this with Figures 2.2 and 2.3

on pages 30 and 4 respectively.

2.5 Photometric Calibration

[very Lwo hours aparl, during each nipht of observing with Lhe WFT instru-
ment, standard stars from the Landolt Selecied Areas [SA) were observed
| Landolt, 1992). This appeared to be the most efficient way 1o determine
the characteristics of cach ol the eight CCDs of Lhe WFL cousidering the
large Leld of view, COut of the Landolt SAs, SAL04, SAL0T, SALLO and
HA LY were obsersed,

Based o Massev and Davis {1992), [or each WTFL CCD and for each
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observed night, the transformation equation
I'c=Rc+Cr1+Cr2'X+Cr3'(V—R) (21)

was solved to obtain the values for ¢, ¢;2 and c;3. Here ¢;; is the zero-point
offset, c.o is the extinction per airmass and c,3 is the colour term. Fur-
thermore, in this equation R, is the magnitude given by Landolt (Landolt,
1992), X is the airmass of the standard star at the midpoint of the observa-
tion, (V—R,) is the colour of the standard star as given by Landolt (Landolt,
1992) and r. = —2.5-log(counts/s) is the observed magnitude’. For the pho-
tometry of the standard stars, the DAOPHOT package within JRAF and
an aperture of 20 pixels, equivalent to 4.76 arcsec in the images, were used.
This chosen aperture size differs from the one used by Landolt. However, as
can be seen in Figure 2.5 on page 43, the aperture of 14 arcsec applied by
Landolt would have been ill chosen for the WFI data. No significant light
distribution exists for radii larger than about 5 arcsec and thus a large part
of the sky would have entered into the photometry, which then would have
increased the noise (Howell, 1989; Stetson, 1990).

Once the parameters c¢,1, ¢o and c;3 had been fitted simultaneously as
free parameters for each of the eight WFI CCDs, a mean value for the ex-
tinction per airmass (c,2) was determined for each night of observation. The
derived mean extinctions per airmass (Crz) are 0.082 + 0.009 mag/airmass,
0.088 + 0.012 mag/airmass and 0.092 + 0.009 mag/airmass for each of the
three observing nights from the 182 to 19%*, 19** to 20** and 20*" to 215
in May 1999, respectively. Using these values for the mean extinction per
airmass, the parameters c,; and c,3 were again fitted simultaneously as free
parameters for each WFI CCD, but this time keeping c.; fixed at the ap-
propriate value, i.e. ;5 for each night of observation. It is assumed that the
resulting values for c¢;; and c,3 are hardware dependent only and that they
do not vary over a period of a few days. They were therefore averaged over

the three nights, giving a well-defined set of ¢;;- and G3-values for each of

"In this dissertation, the ‘log’ is referring to the common logarithm to the base 10.
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Figure 2.5: The aperture correction that should to be applied for the WFI
standard stars. The magnitude values shown need to be added to the deter-
mined standard star magnitudes, and depend on the chosen aperture size.
As can be seen, no significant light distribution exists beyond about 5 arcsec.
The task mkapfile in the package PHOTCAL within IRAF was used to de-
termine the shown aperture corrections. The data was derived for a standard
star in the field SA110 which had a peak count of about 20,000.

the eight WFI CCDs. The resulting mean values ¢;; and €3 plus the num-
ber of standard star measurements that were used to derive these values are

summarised in Table 2.1 on page 44.

Residuals (function — fit) from fitting the transformation equations are
shown in Figure 2.6 on page 45 for two of the eight WFI CCDs. In the
Appendix, Figures A.1 to A.3 on pages 204 to 206 show the residuals for
the other six CCDs. The residuals are shown for different standard star
brightness, airmass at time of observation, colour of the standard star and

observation time. The slight shift that can be seen for each day is due to
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Figure 2.6: Residuals (function — fit) from the R, standard star solution
for the WFI CCDs #50 and #51. In the Appendix, Figures A.1 to A.3 on
pages 204 to 206 show the residuals for the other six CCDs. The residuals are

shown for different standard star brightness, airmass at time of observation,

colour of the standard star and observation time. The slight shift that can

be seen for each day is due to the data being fitted for each night, while for

the resulting function the coeflicients ¢;; and c;3 were averaged over all the

days, as described in the text.
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Since many of the stars were overexposed, the ‘spikes’ were used as a kind of
reticle (Dr. Woudt, priv. comm.).

Consequently, the positions, types and sizes of all of the galaxies that
could be visually identified on the obtained WFI exposures were determined.
To be able to see even the faintest galaxies in the images, the program Sky-
Cat® was used to zoom into the images. The contrast and cut-levels could be
adjusted, making it possible to find and identify different types of objects.
Using this technique, Dr. Woudt, Dr. Hempel® and I spent several weeks suc-
cessfully browsing through the exposures. A few thousand new galaxies were
found and catalogued, as well as improved positions for the galaxies that were
already known. Most of these data will be part of a new detailed catalogue of
galaxies in the Great Attractor region, published elsewhere (Dr. Woudt, priv.
comm.), and will include the redshift data obtained from 2dF (Dr. Lucey,

priv. comm.).

8Provided by the ESO, see http://archive.eso.org/skycat/.
9Dr. M. Hempel, Physics and Astronomy Department, Michigan State University,

United States of America.



Chapter 3

Separating Galaxies from the

Foreground Starfield

The main focus of this study was to take foreground stars into
account, when determining the photometric properties of elliptical
galaxies. Thus, four different techniques were developed here and
investigated to approach this problem. The four methods are called
o-Clipping, PSF-Fitting, Star-Masking, and iPSF-Fitting. They are
described in detail in this chapter, Sections 3.1, 3.2, 3.3 and 3.4,
respectively. An internal comparison of the results obtained by ap-

plying these procedures is given in Section 3.5.

In terms of determining surface brightness profiles, early-type galaxies
have an inherent advantage over late-type and irregular galaxies. Their
brightness as well as their structure can be modelled by a series of consecutive
ellipses of constant surface brightness, i.e. isophotes. Variation of the ellip-
ticity, position angle, centre and radius makes it possible to reduce almost
every elliptical galaxy to a set of isophotes. Within JRAF!, the ellipse task

is well suited for this procedure.

1For a description of the abbreviations used in this dissertation, the reader is referred

to Section B in the Appendix on page 247.

47
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There are, however, several factors that influence whether the model pro-
duced is an appropriate representation of the real view of the galaxy. Many
of these factors result from our position as observers within our own Galaxy.
For instance, the closer the observations lie to the plane of the Milky Way,
the more apparent become the extinction and reddening effects, which are
caused by dust and gas in our Galaxy. This problem is often approached by
doing observing in different wavebands and thus being able to estimate the

wavelength-dependent extinction.

Another factor that becomes important at lower latitudes is the appear-
ance of many foreground stars that populate our Galaxy. Observations far
away from the Galactic Plane often only have to account for few relatively
bright stars from our sun’s immediate neighbourhood. At the position of
the Great Attractor, however, several tens of thousands of stars per square
degree brighter than 20" magnitude in R, can be resolved. These stars not
only crowd any extragalactic object, but their light can also contribute to
(and thus exaggerate) the measured brightness of any object. This is partly
due to the effects of seeing, which can be reduced by using telescopes that
are less affected by the Earth’s atmosphere, like the Hubble Space Telescope
(Gonzéalez et al., 2005). However, the observing time at these facilities is
limited and most observers will have to rely on earth-bound telescopes for

their observations.

Newly built telescopes can produce high resolution images in the optical
as well as the near infrared wavebands. This makes it possible to conduct ob-
servations in different wavebands and thus to overcome the effects of Galactic
extinction to some extent. The problem of star-crowding, however, is still
a serious one and, for instance in the K; band, it is one of the limiting fac-
tors for extragalactic observations at extinction levels of about Ag ~ 10™
(Kraan-Korteweg, 2005).

Determining galaxy models independently of the foreground starfield for
galaxies at low Galactic latitude was thus a main part of the work presented

in this dissertation. The usual approach of using the k-sigma-clipping within
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the ellipse task was examined, as was the approach of producing a pixel-
mask for masking out the stars (Busko, 1996; Jedrzejewski, 1987). A newer
approach of modelling the stars with point spread functions (PSF), followed
by subtracting of the model from each single star was tested as well (Buta
and McCall, 1999). The experience gained resulted in the development of
a new procedure of treating the data in order to generate the best possible

surface brightness profiles for early-type galaxies.

3.1 o-Clipping

To obtain surface brightness profiles of elliptical galaxies, one can use the
ellipse task, which is part of IRAF. This task works well for images with
a few stars on top of the galaxy. However, in star-crowded fields, with many
stars in front of the galaxy, one has to account for the ellipse modelling of
a galaxy being influenced by many and possibly bright stars.

One way of approaching this problem is by using the k-sigma-clipping
option from within the ellipse task itself. This was done here as a first
measure to account for the star-crowding. The principle behind this is to
determine the best fitted isophotal ellipse for a given radius. All intensity
counts that are higher or lower than the average by a certain amount within
each ellipse are cut — or ‘clipped’. This process is repeated several times in
an iterative manner — to establish the best possible fit.

The upper and lower amount for which clipping would occur was adjusted
in the usclip and 1sclip parameters. The numbers given were multiplied by
the sigma value as stated in daophot.datapars. This would then determine
the upper and lower limits, respectively. The value entered into the nclip
parameter gives the number of iterations applied to the k-sigma-clipping.
Here, this method is called ‘o-Clipping’. An overview of this approach is
given in Figure 3.1 on page 50.

The ellipse models were established by starting at a given distance

from the estimated centre of the galaxy, usually at a radius of around ten
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pixels from the centre. First the elliptical isophotes were determined from a
given radius outwards, i.e. towards an increasing radius, and then inwards,
to model the central region of the galaxy. The largest possible radius was
to ensure that the ellipse model would reach the background. If possible,
the position angle and ellipticity parameters were not kept fixed, neither
were the parameters for the suspected centre of the galaxy. However, it was
often necessary to keep one or more of these parameters constant in order to
obtain a proper galaxy model, particularly in the case of the model obtained
by applying the o-Clipping method only.

In order to judge whether the determined model might be appropriate,
an artificial galaxy was modelled for each object by using the result of the
ellipse task. The output of the bmodel task within JRAF is a FITS image
containing the galaxy model, which is based on the output of the ellipse
task. See the right side of Figure 3.2 on page 50 for an illustration. Note that
the rings visible in Figure 3.2 are artefacts of the method used to remove the
galaxy. These rings will also be visible for some of the following images and
several images in Part II of this dissertation. By using imarith within IRAF,
the image was then subtracted from the original image, which contained
the ‘real’ image of the galaxy and the stars. The resulting original-minus-
galaxy model image (O-GM1)? was inspected by eye to see whether there
were indeed as few residuals visible as possible (see left side of Figure 3.3 on
page 52). If the results were not satisfying, the whole process was repeated
from the editing of the parameter files that feed into the ellipse task to
the re-modelling of the galaxy. Furthermore, the backgr value within the
bmodel task often had to be adjusted, since this gives the background, which
is added to the galaxy model. This was especially important if the resulting
O-GM1 images were to be used for further analysis, as will be described in
Sections 3.2, 3.3 and 3.4 on pages 53, 62 and 65, respectively. The whole
process was repeated until the results could not be improved any further.

Once the best model was subtracted from the original image, the part of

2Compare with Figure 3.1.
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Figure 3.3: CGalaxy WKK 5920, the original imeasze minns the o-Clhpping
palaxy model (left). and the resulting clean image without a wace of the
galaxy (- GMI, right).

the resulting image was cleancd whoere the galaxy core was situated.,  As
thig central region of the palaxy 18 difficult to model with eliipse, this
cleaning was necessary for the methods still to be described, The cleaning
was conducted by either copving an empty part (i.e. without stars) of the
unage from far away from the galaxy, nsing imcopy, or by editing the area
interactively with imedit., Compare the mages on the lelt and the nght in
Figure 3.2, Whenever the O-GM]1 image from the a-Clipping 15 mentioned
inn the [ollowing seetions, i iz tlis ‘cleancd” iinage that is referred to.

Mode thiat all Claose parts of the nages, whore galaxies Lave been anal-
veedl, were inspected by eye beforchand, This was to ensnre that there wore
ne #ignificant deviations in the background. as all the applicd methods de-
seribied i tlos Chapter do oot allow for backeronnds that are not smooth.
However, no sienificant deviations it the backeroutd, e due to msullicient.
Hat fielding. have hwen found on the scales on which the galaxies were anal-
verd, Furthermore, ne diffnse endssion from the Mitky Way, like the Hop

emission that s indeed visible in some parts of the R, band images, conld Twe
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observed near to the relevant areas of these images.

Since all of this was done ‘by hand’ and as an iterative process, in the
worst cases it could take up to several hours per galaxy®. To reduce the
time spent by the user, an JRAF script is being developed to allow the user
to process many galaxy models simultaneously. However, as this scripting
is still very much a ‘work-in-progress’, it is not included in this dissertation
(cf. Section 6 on page 170). A more detailed description of how to conduct

the o-Clipping is given in Part III of this dissertation.

3.2 PSF-Fitting

To allow for the shortcomings of determining the galaxy surface brightness
profiles with the implemented k-sigma-clipping of the ellipse task, three
further methods were employed to improve the galaxy models obtained. All
three methods use the ellipse task to model the galaxy and are based on
the results from the o-Clipping as described in Section 3.1 on page 49. How-
ever, they try to remove the stars and other artefacts without relying on
the ellipse-internal k-sigma-clipping only. The PSF-Fitting method de-
scribed in this section models and subtracts the stars. The following method
simply masks out all stars and artefacts, and is therefore called the Star-
Masking method, cf. Section 3.3 on page 62. Stars and artefacts are removed
completely in the improved PSF-Fitting method described in Section 3.4 on
page 65.

The PSF-Fitting procedure described in this section was the first improve-
ment to the use of the ellipse-internal k-sigma-clipping only. It soon be-
came apparent, however, that more accurate and simpler, less time-intensive
methods had to be developed. The PSF-Fitting method is therefore seen

3The absolute worst case that was processed during the course of this research, was an
image on which one elliptical galaxy was partly covered by another (WKK 6305a, 6305b).
The two galaxy models were subtracted in an alternating interactive manner to obtain
good models for both galaxies. Images resulting from application of the iPSF-Fitting are
shown in Appendix A.4 on page 213.
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Figire 3.1; Diagram ol the PSF-Fitting moethod as deseribed s this chapter,
See also Figures 3.5 to 3,12, The example images arc shown {or Lhe B band

andd the galaxy WKK G6K). The arrows indicate causal dependencies.

ag a prototyvpe lor Lesting various methods ol processing Lhe data and s
only mentioned for reasons of completeness. Despite the fact thal it is ouly
mentioned for the sake of completeness, o cornparison was intended tor this
dissertation, ol the data oblained [rom applying the P5E-Fifing with Lhe
resnlts fror the other three data proceszsing methods set out in Sections 3.1,
3.3 and 3.4 on pages 49, 62 and 63, respectively. Unfortunately, most of the
resilting data were lost in a computer crash and Lhe subsequent failure of

the backup drve, making a reasonable comparizon mpossible.
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Figure 3.5: Galaxy WKK 6600, the original B, band nuage (left}, and the
clean intage without the gatacy (O-GM1, vightl, after repealed o-Clippng

as deseribed in Chapter 3.1 on page -1

An overview of the procedure is given in [igure 3.4 on page 31 As
mentiogned carlier, the first step in proeessing the data was Lo obtain an
tage with o vongh galaxy model (GM1) subtracted from the original. 1t
was oblained by [ollowing the a-Clpping procedure deseribed in the prev
ous secltion. This resulted in an image with the salaxy maodel subtractod
and the least possible remmants of this subtraction visible in the image (-
GM1, see rightl side of Figure 3.5 on pape 53], Onee this image had been
oliained, it was used Lo subtract Lthe stars [oand, Thereafter, the remaiu-
ing hot pixels and bad columns were eliminated, Lasthy the remaing from
the star-subtraction as well ag overtooked faint stars and very bright, often
overexposcd stiars woere removed, too.

In the galaxy-sublracted image (O-GML), the remnants lelt al Lhe po-
sition of the centre of the subtracted galaxy had to be erased first, These
remnants oceur more or tess proininently for all galaxies die to seeing effects.
They can cilher be replaced by an emply area, Le, withoul stars, from a dif

ferant section of the image. using imzopy. or by editing the area uteractively
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willl imedit.

To obtain a well-established PSF one needs to nse many bright slars
that are not saturaied, The environment of these stars needs Lo be eleay of
artelacis, stars ete. This was achieved liere by removing first the fainter stary
and the remnants hefore determining the fnal I'SE. Thus, the positions of all
Lhie sbars tn the image had to be identified, whicli condd be done aelomalically
by means of the dacfind task. However, 1 often happened that some stars
were not identified, whercas other objecls were wrongly identified as stars.
o, ot pixels or central regions of palaxies. Tle identification ol these
alsjects conld be altered interactively with tvmark. Once Lhe positions of
abl the stars in the inapge bad bheen determined. their relative brighiness was
defermined will the phol task, The resulting list of stars was sorfed with
pselect nto four ‘brightness binst  Lheee bins [or the [alotest, mediim-
hright arl brightest stars, respeciively, and one bin for the saturated stars,
mehinding other stars for which the relative brightness conld not be idenlified

by the phot Lask, e.g. if they were too close to the edge of the Image.

Far each set of stars, e the bright, the medinm-brigld and Lhe [ainl
stary, the point spread [unetion 18 deterniined with Lhe psf task, starting
wilh the [ainl stars, When Lhe T'SE for the faint stars had Teen established.
they were subtracted from the O-GM1 image (see left side of Figure 3.61. To
do the subtraction, Lbe nstar, group and substar tasks woere used From
the resulting image, Lhe P'SE [or the medivm-bright stars was determinerd
subsequently. The mediun-bright stars were then subtracted again from
the O-GM1 image, together witle Lhie [aint slars, This time, however, the
bareor PSF derived from the medicm-brishl stars was used Tsee rght side
of Figure 3.61. This pracedure was then repeated in a similar manner for
thie hright stars, nntil a proper PST for the bright stars had been established
(gee lelt side of Figure 3.7), For each of Lhe consecarive determinalions ol the
P'sE, Le [or the stars wath diflerenl Lrighlnesses aud radii, the PSF-radius
nt dasphot.daspars was mereased, for instance from 15 phoels for the faint

sLars up to A5 pixels for the brighl stars. depending on Lhe sives of the stars.



=1

0

32 PeE-PENTING

Fieure 3.6: Galaxy Whik Golb), an image with palaxy and stars subtracted,
after the first iteration of determining an appropriate PSE {O-GM2-F*s, {eft),
and an Image witl gadascy and stars subtracted, after the second eration of

determining an appropriate PSF (O-GM2-MB*s, right).

Figure 3.7: Galaxy WIKIK 6600 the image with galaxy and stars subiracted,
after the third eration of determining an appropriate PSF (O-GM1-*s, left),

and the original itnage witl stars subtracted {O-"s, rigln ).
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Sometimes, it was necessary to repeat the entive PSE determination pro-
coss, e tooa bad selection of stars, which were used Lo produce the PSE,
This was expecially the cuse ut the beginning of the project. After some ex-
perience hatd been gained with the selection of stars, this became necessary
less often.  Other factors that inHuenced the outcame had to be cousid-
ered too. For tustance, it was necessary Lo lower the dasamin parametar in
dacphot.datapars cach Lime o new PSE was Lo be established. This was
due Lo the inctease in Lhe standard deviation (‘uoise’) of the hackgroumnd,
which in turn affected the good minimum data in the images after cacli shar-
gubtraction that coulid heen nsed. Once a reasonubly good PSE had heen
determined, all adnl, medinm-bright and bright stars were subtracted from
the original image (O-*11 by means of gubstar. e from the image contain-

ing Both the stars and the ealasy (see rieht side of Figare 3,770,
4 g ; E g :

With tle ellipse and bmodel Lusks, o new galuxy wodel (GM2) was
established, To see whether Lhiy model was a good one, it was subtracted
with imarith from the hmage with all stars snblracted (see lefl Juge o
Fignre 3.3). Therealter. the internal k-sigma-clippme within ellipse wus
activated onee maore, Onee L was appareut that the model conld not be
improved any fuether, v was subtracted from the original image [=ee right
image in Pigure 3.5). The remmnants in the central region of the subtracted
galaxy were erased, nsing either imcapy or imedit. as deseribed hetore [O-
GM2, see left side of Fignre 3.9 on page 60). Al faine, medium-bright and
bright stars were subtracted from Lhe O-GM2 imupee with substar, using 1he
gonill PSE determined earlier (see right side of Fignre 3.9 on page 60]. Trom
the resulting O-GM2-*s fmage, a modian image was produced (see lefl side
ol Figire 300 an page GO1L using the median task. Tlis was Lhen sublraclod
from the sume tmuge with imarith (O-GM2-*s-MED, see riphl side of Fig-
ure 310 on page 60) 1o aceount for the remuancs left from subtracting 1Lhe
stars. All remaining artefactz. eg. from overexposed stars, hot pixels ewc.,
were masked oul. The pixels with higher or lower Inlensity Lhan abont £307

were rajsed with imreplace o a very hish milensity, e 83000 counts. This
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Figure 3.8 Galaxy WEKIK GBI0, the galaxy wodel after subtracting the stars
ustng Lhe determined PSE (GM2, left), and the buage after subtracting the

new galaxy model (right),

macle it possible to produce o pixel-mask with the cedmask task (sec left side
ol Flgure 3,11 on page 613, As runoing ccdmase cin Lake Lonrs, the process

waas usually run as a background task, while working on another image.

The final galaxy model was obtained by sultracting the median tmage
from the O-*s image (sce right side of Pigure 3,11 on pase 61), A new galuxy
model could now be established with the ellipse task, This time, however,
this was doue without using the interval k-sigma-clipping. but insteard with
applying the pixel-mask (GM3, see lelt side of Figare 3012 on page 610
‘The vllipse parumeters were adjusted ofter applving boodel and 1marizh.
Viewimg the remnauts of the subtracted galaxy maodel aud adjusting the
ellipse parumeters wade it possible to obtain the best possible galaxy model
(ser rght side ol Fignre 3,12 on page 61). The data i Lhe STSDAS tables
produced by elipse were exported into ASCI tables with tdunp 1o process
Lhe results further {cf. Section 4.2 on page 91). A more detalled deseription

of how to conduet PSF-Fitting is given in Part 11T of tlus dissertation,
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Figure 39 Galaxy WKK 6600, the new clean image withont galaxy rem-
nants, after subtracting the new galaxy model (left), and the new clean image,
after snbtracting the new galaxy maddel and the stars using e delermined
FSF (O-*s-0GM2, riglt).

Pigure 3,100 Galaxy WEKK 6600, median image obtained from the image
wildl sublracted stars and palaxy (MED, left), and the galaxs-, star- and
median-sublractied image {O-*s-GM2-MED, nght ).
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[Mgure 3,11 Galaxy WKK GGG, the pixel-mask derived froni Lhe frame with
galaxy model. stars and median image subtracted ([, left ], and the original

inage with the stars and the median snbtracted (O-*-MED, right ).

Fignre 3.12: Galaxy WKK 6600, the #2SF-Fitting model of the galaxy as
produced with the ellipse- and bnedel tasks (GM3, left), aud Lhe original

image minns Lhe PSE-Fitlbing galaxy model (O-GM3, right ).



G2 CHAPTER 2. SEPARATING GALAXIES FROM THE STARFILLD

3.3 Star-Masking

Much simpler and quicker methads were successfully tested as allernatives
Loy Lhe PSE- Pitting method described in the previous scetion, The masking
of stars and artefacts 1o the iimage, as described above, wonld give resulls of
the swme quality as PSF-Fithmg (ol Chapter 5 on page 121). However, as
mentioad o Lhe previous section, the dala obtained were losi doe to unlore-
seeabile events, and thus a comparison is inpossible, The resalls mentioned
here are thus without proper basis and only given for the sake of complete-
tess. A overview of the provessing is piven in Fipare 313 on page 63,

simifar 1o the vwo PSITFitiing methods described in the previons and
the foilowing sections, one starts with Lhe results obtained by means of -
Clipping, deseribed in Seetlon 3.1 on page A9, An imape with the galaxy
model subtracted as thoroaehly as possible [rom the oripinal was obtained
(O-GM1Y, see right side of Figure 3.14 on page 64). Next, the remnanis al
the central position of the subiracted galaxy model (GM1T} were remived
mteractively, using either imedit or with imcoepy. A pixelmask of the re-
subling O-GM1 umapge was produced by using the codmask Lask, All pixels
with a higher or lower intensity than aboul =5 were raised 1o a very high
intensity, o.g. G000 counls, using inreplace [see lefi side of Figure 3.15 on
page G647 Sometinmes, this would resull inan entise column of the image
being raised Lo such a hiph intensity that ccdmaszk was not abie to mun projp-
erlyv. Thus a copy of the imare was made willl imcopy, excluding the higl
intensity cohimn {see taop of the right side of Figure 3.15 on page 64). On
Lhe resulting image, the codmask task was then tun in the backsround, as i
conld take Tours for codmask Lo fnish,

In order to arrive at the final galaxy model, a new model was oblained
[rum the original image with the ellipse task, although this thme without
the internal k-siema-clippilee, bl instead by using the pixel-mask obiained

proviously (see left side of Fieure 3,16 on page 65). The brmode Lask way nsed

1Cuwmpare with Figure 3,03 en page 63,
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Figure 3,13 Diagrin of the Stor- Washing method as described in this cliap-
ter, See also Figures 3.14 o 316, The ccample inages are shown for the 1,

band and the galaxy WIKK 539200 The arrows dicate causal dependencies,

Lo provduiee 4 model image of the galaxy model (GM2). By subtracting the
resulting tuodel image [row Lhe original image witl imarith. it was possible
to assess whether the model aceurately resetubled the salaxy (see right side
of Figure 3,16 on page 63). The hest possible model was created by adjusting
the parameters in the ellipse task and re-madelling the palaxy — if neces-
saty, several Litnes: To be able Lo process the results further {of. Section 4.2
on page 91, the data in the STSDAS tables produced by the ellipse task
woere exported into ASCIT tables by using tdump: A tuore detailed deseription

of how to conduct Star-Wasking is given in Part 11T of this dissertation,
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Figure 3.14: Galaxy WKK 3920, the original R, band image [left), and
the clean image without the salaxy, obtanud by applvineg the a-Clippeng

deseribed in Chapter 3.1 on page 49 10-GM L, nght ),

Figure 3. 15 Galaxy WKK 5920), the pixel-musk derived [rom the inage with
the @-Clipping palaxy model subtracted (left), and the pixel-mask derived
from the image with the #-Chpperg zalaxy miodel subtracted and bad pixel-

enlamns removen] {righe],
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Figure 3.08: Diagram of the Star-Masking methord as described in this chap-
ter. See also Figures 3,14 to 316, The example images are shown tor the T,

Band and the galaxy WK 55200 The arrows indicate causal dependenctes.

Lo produece a model image of the galaxy model (GM2). By sulttracting the
resulting maodel image from the original image with imarith, it was possible
to agsess whether the model accurately resembled the galaxy (see right side
ol Fignre 3,16 on page 63), The best possille madel was created by adjusting
the parameters in the ellipse lask and re-modelling the gataxy — il nieces-
sary. geveral times. To be able to process the results further {of. Sectiom 4.2
on page 91, the data in the STEDAY tables produced by the ellipse task
wore experted into ASCI tables by using tdump, A mwore detailod deseription

of how to conduct Star-Wasking is piven in Part 11 of this dissertation,
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Fignure 3.16: Galaxy WRK 3820 the Star Masking model of the galaxy as
produced with tlie ellipse- and bmodel tasks (GM2, left). and the ortginal
irnage mins Lhe Ster-Masking salaxy model (O-GM2, right]

3.4  Improved PSF-Fitlting

Diespite some shorteomings o the PSE-Friting aud Star-Masking methods,
both appear to be effictent enongh to allow accurate detertnination of the
surface briphtness of the palaxtes. Howewver. most of the data that were
oblalked Iy means ol these methods woere lost, due lo a compnter crash
ated a Ludty backup Lape, as meationed belore. Conscquently, as the data
had to be analvzed again. a new and improved method [or oldaicing even
hoetter surface hrightness of the galaxies was developed subsequentlv. This
method will be deserilred in this section, Ol ol all Ioar data reduction
methods described in this chapter, it is considered to offer the best results.
An overview of the processing is given in Figure 3.7 on page 66

The mrproved PSF-Fiiting or «PEF-Fitiong method is based oun (he P55
Futting method deseribed in Section 3,2 on page 53, The method was Inased
ot the realisation that o PSF wonld be able to mode] and remove all stars in

the nnege, Howeser, the wavs in which the PSE wag obtained were varied,
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Figure 3,17 Diavraon of the 25F-Filing mellod as deseribed u Lhis chap-
ter. See also Figures 3.18 to 3.52. The example iniages ave shown for the K,

band awd the galaxy WEKRK 59200 The arrows medicate cansal dependencies.
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atd the procedure Lo remove Lhe stars was changed completely in the newer
iPSE-Fitling method. A program called Killall® was used Lo significantly
improve the remnoval of the stars as well as other remtants of the image
that may have influenced the assessinent of proper surlace hrightiess prodiles
(Buta and McCall, 1999,

The starting point [or PSF-Fiiting 15 Lhe galoxy-subtracted lmage ob-
Lainied by applying the o Clippung described in Section 3.1 on page 49, As it
was cloue for the PSF-Fitting and Star-Masking methods. the central vegion
of the removed palaxy lud to be edited ont by cither nsing imedit, to edit
the area interactively, or by using imcepy, to replace the resion with a dil-
ferent clean part of the image. This resulted u an image with the model of
the palaxy subtracted ated ldeally no remnants of this subtraction visible iu
the lmage {O-GM1Y, see right side of Figure 3.3 on page 52).

Within this hinage, the positions ol all stars in the mage needed to he
ientified. This was done automatically with Lthe dacfind task., Howeser.
sote stars were not found and some objects were wrongly identified as stars,
e hot pixels or central regious of galaxics.  The identification of these
ohjects Lthus had to be allered interactively with tvmark Onee the positions
of all the stars in the image had been determined, their relative hrightiesses
were determined with the phot task. Using the paclect task, the brishtest
wot-sid urated starg woere then selected from the list of stars oltained with
phot.

A proper PRE was oblained by selecting PRE eandidate stars, followed by
interactively removing the neishbours Lo determuine a bettor PSE. To do s,
a subset of the bright stars first hadd to be selected as PSF candidates. Lefore
wenerating alirst PSE, using the psT task. This PSE was nsed to snbtract all
close neighbours from the P'SE candidates, The close neichbouring stars were
listed in a file ag the output of the pef task. The tasks uatar and substar

woere then used to rewove these neighbouriug stars from the image of the

# windy ackuowledge Prod, MoCall for the use of the Adllall software [Buta and MeCall,

[0,
BCompare with Fignre 31T on page 66,
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Fignre 3,18 Galaxy WEKIK 5920, the evolution of a PSF. From left to right,
the resulting I'SIPs are shown after the first, second, third and fourth run
of pef. The radins increases [rom left o right trom 14, 20 to 26 pixels,

respoctively, with botli images on the right having a radiug of 26 pixels,

original-minns-galaxy model {O-GM1) (el Figure 318 on page 63 and the
left side of Figure 3.19 on page 700, Ou the resalting image, io. without the
neighbouring stars, a new PSE was modetled. The same PSF candidates, or
a subsct thereaf, were used. However, the P3F-radius in dacphot  dacpars
was incrcased. This new PSF oway in turn used to subtract the neighbours
of Lhe PSE candidates [rom the O GMI image (cf. Figure 318 and the right
side of Figure 31495 As the PSF-radius had been raised. the number of
neighbours increased, too, Therclors more stars had to be removed when
appiyving the nstar and substar tasks to the O- GM1 image. This procedure
was performed a third time (cf. Figure 318 and the left side of Figure 3.20)
on page 71). The PSEF-radius in daophot . dacpars was increascd cach tme a
new PSE wias determined. c.p, rom 14 pixels lor the fainl stars up to 26 pixels
forr the bright stars, depending on the sizes of the stars. By doing so. more
and more neishbonrs were included,  Furthermaore, the datamin parameter
il daophot. dataparsa had Lo be raised cach time, due to additional noise in
the inages, which was produced by removing the neighbouring stars. After
the neighbonrs of the PSF candidates had been subtracted for the third
bt imedit was nsed to remwoss any reruans close to the PSE candidates
tef. Pignre 308 and the left side of Figure 3.20 on page 71 Ouwnce the

surronnding ol the PSF candidate stars had been ‘cleaned’ in this way, the
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final PSF was determined with psf (ef, Figure 318 ).

This linul PSE was now used as input lor the Adilal program.  Rillall
was originally written by Buta and MceCall [1999) to remove stars [rom star-
crowded images. It ofters 8 way of abtaining a relatively clean mage of o
stat-crowded salaxy, The program inleractively subdivides the mnage, finds
the stars, curries out an initial photomerry, Quttens the backpronwd. figs the
stars, snbtracts the stars and reassetnbles the star-subtracted subsections
(Buta and MeCall, 1999). Howoever, the program sometimes also removies
pirts of the salaxy. It was therefore only used to determine the proper

positions of the stars and to remove the stars frown the O-GMI imagoe,

Running Kiflall on the O-GA1 image resulted in several output files, one
of which was an nwage with all except the satnrated stars removed (of. tight
side of Figure 3.2] on page 721, This lile was edited with imedit to romove
all remnants that might still have been apparent ltoin the star-removing
process. Af fitst imedit was run non-interactively, using the ouiput file of
Killall that contained the positions of all except the saturated stars in the
origina inage (ol ripht side of Figure 3.22 on page 73)0 This usually took
guite somne time, depending on the hardware that wus beiug used, When Ll
liad been cowpleted, Lhe resulting image was edited interactively with Snedit
to delete all saturated stars, bad coluns ote,. Evervthing was removed that
might have influenced the determination of an aceurate surface brightness

profile of the partienlar galaxy.

It should be noted that ne significant deviations of the PST have been
obzerved across the unalysed parts of {lie Be bund Loages, This was possible,
because small portions of the field of view of the WI'T were extracted {or cuch
galaxv., However, a variation of the PSFs were indeed he observed across the
wide-field array of CCDs of the WEL

Thisg produced an lnage that comained neither the galaxy, nor the stars,
nor any saturated stars or bad columns nor anvthing cise that might have
intineneed the resulting surface brightness profile {of. left side of Fignre 3.23

on page 741, Lo be able to obtain an image with similar properties, but
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Figure 319 Galaxy WKEK 5920, after first and second run of psf. The
closest neighbours of the selected PST stars were removed nsing Lhe fiest
FSE model (O-GML-PSF=s1, lefi) and, LTherealicr, the close neighbours of
the scleclted PSIY stars were removed using the second PST wmadel (O-G1-
PSF*:2, rieht). Tn these oages, the surronndings of 1he sclected PSE slars
arc highlighted by circular areas with a radius of 70 pixels. One such area is

magnified by a factor of two.
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Figure 3,200 Galaxy WKK 292, atrer third sun of paf and PEF stars cleaned.
The neighbours of the selecied PSF stars were vemoved using, the third PSEF
el (O-GAL-PEF*E, lell), and thereafter the swrroundings of the PSE
stars were cleaned with imedit (O GMI-DSEF7s4, vight). In these hnages,
the surronndings of the selected PSF stars are highlishted by clrenlar arcas

witlt a radins o 70 pixels. Oue such area is ruaenilied by a bwetor of Gwo.
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Fignre 3.21: Galaxy WKK 5920, the Rillall output image with the ‘sky’
(backpround) and sll stars left o the iuage (lelt), and the Kullalf outp
imnaee with the ‘skv’ and all stars removed. However, the saturated stars

remnain (O-GMI1-7s, right ).

containing the galaxy heing examined, a ‘negative’ image was creatod, With
Lhe imarith task, uone produced an image containing the dilferences between
the Aullad! oculput, e, an image without stars but with remnatts, and the
edited clean tmage (of. right side of Figure 3.23 on page 71).

A st bnproved star-subtracted dmage of the galaxy could then be ol
tained by using substar to subtract all stars from the original image, i.c. the
tuage contaiang all stars and the ealaxy [of. loft side of Fignre 3.24 on
page 741 The position file obtained with Killed! served as an inpuad file for
substar. From this star-subtracted original image, the ‘negative’ image was
subtracied, using imarith. Uhe result wis an iwsge contaming the galaxy
bt witheut any stars or olher unwanied leatures (o, right stde of Figure 3,24
an papoe 7). It was therefore ideally snited for determining a new, hetter
palaxy model. With the ellipse and bmodel tasks, & new maodel of the
galaxy was obtained (ef. Jell side of Figure 3.25 on page T5) and then sub-

tracted trom the origing) image with imarish {ell lefl side of Figure 3.26 on



3.4, IMPROVED PSEF-FTTTING 73

. 4
L 3
i . 2
L » g [ ] ™
- e o
M "
L L
] @&
. i L "

2T ] BRI

e 0.0 L " 00"

Figure 3.22; Galaxy WK 5920, the Hillell ontpnt image with all stars
removed, excluding the saturated ones, and with the sky™ (backeronmd) roe-
maining in the mage (left), and after non inteructively cleaning the inage

using the imedit task ((-GM1-Fs_odul, right).

page ¥a). The central remnants were removed o repluced as deseribod b
fore, which resnlted in g new noage withont the galaxy and the least visihle
repuuts thereol (of. oight gide of Fignre 3.26 on page 73).

This new O-GM2 hmage apain servad g input to the Klladl progranane,
cf. puge 6% The whole process described was repeated one more (e, mtil a
new even better inodel of the galaxy was obtained (cf, Figures 3,27 to 3.3 on
pages 76 ta T8). This time, however, it was done wAthont using the internal
k-sigma-clipping option within ellipse. This lazt model was then the sl
result (cf. lefr gide of Figure 3.31 on page 79), and the data in the S15045
lables produced by ellipse had to be cxported to ASCI tables to be able
to process the results [urther (el Section 4.2 on page 91). This was done by
means of the tdump task. A more detailed description of how to conduct the

iPSF [ftting is given in Part 11T of this dissertation.
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Figure 3.23: Gulaxy WKK 5020. after interactively cleaning the image nsing
the smedi trask (O GA1-*s_edi, Jeft), aud the ‘negative’ uage of the remains
that were Jelt after running Kellill and cleauing the resulting image, i.c. the
areas that were removed interactively (NG, right ).

Figure 3.24: Gulaxy WKK 5920. Ue original imwee with the stars subtracted
10-*51, left), and the original itunge after it was cleaned, i.e, with the ‘nega-
Live” image subiracted (O-F81-NEGL, right!
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Figure 3.25: Galuxy WKK 5920, the improved galaxy model (GM2, left),
and the cloan tmage micns the improved galaxy wodel [right).

Figure 3.26: Galaxy WKK 5920, the original K, band image minns the im-
proved palaxy model (left), and the original K. baud image minus the im-

proved galaxy model and the removed remains in the centre (O-GM2, right),
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Figure 3270 Galaxy WRK 3820, the Killall ontput image with 1he ‘sky’
(background) and all stars loft in the image (left ). and Lhe Kéifﬂif:'mfl,;nll
imagé with the *sky' and all stars removed, However, the saturafed stars
remain (O GM2 *s, vight),
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Figure 3.28: Galaxy WKR 5920, the Fi*:f'a’.}fﬂif- output image with all stars
removed, exeluding the saturated ones, and with the *sky’ (background) re-
maining in the image {lelt), and aller non-interactively cleaning the image
using the imedit task {._E:‘t‘:'ﬂ'ﬁ.-'lﬁ’.a.*s _edni, L'.igiit'.;i_:i
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Figure 3.29: Galaxy WKK 5020, after interactively clesning the image by
nsing the imedis task (O-GNM2-"s.edi, lef), and the ‘negalive’ image of the
remains that were lelt alter rnning Kidlol! and eleaning the vesulting image.
i the arcus that were removed inveraciively (NEG2, right ),

Fignre 4.30: Galaxy WKIC 5920. the original inage with the stars subtractoed
((-*32, left), and the original uage adier it was cleaned, Le. with the “nega-
tive’ inage subtracied ((-"52-NEG2, right).
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Fignre 3.31: Galaxy WKEK 5820, the finul paloxy wodel (GM3, left), and the
clean image minus the final galaxy model (right).

Figure 3.32: Galaxy WKK 3420, original K, band image minus the linal
galaxy model (O-GM3),
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3.5 Comparison of the four Techniques

In the previcus sections, all together fonr differont methods were developed
to analyse galaxy prefiles in star crowded felds, All Lhe resulis obrained with
auy of Lhe [our technigues are given in Section 5.1 on page 121, The way in
which these results were obrained is outlined in Chapter 1 ou page 85 Of
the four procedures, the PSF-Fitfing was the most alfected by the data loss
wentioned carlier. "Thus, in Lhe [ollowing comparison. enty the Stur-Wasking.
- Clhippivg and PST-Fitting methads are investigatod,

Fignres 3.33 and 3.34 on pages 51 and 82, respectively, show plols com-
paring all three technigques, Figure 3,33 plols Lhe intesrated Koy and Ry
wagnititdes, and [Figure 3,34 the corvesponding vadii, Ty and tress. To be
alle to compare the results for the Re and K, bands. the R, dala thal were
nsed in Lhis comparison woere intesrated up Lo larger radil, compared Lo the
K. data. Table 3.1 on page 83 gives the fitved differences in magnitudes and
radii for each pair of the three procedures,

From the comparigon ol the (PSE-£iling method with the o -Clipping
method. it becomes apparent that the determined brightrness for all salaxies
13 higher for the latter, and the corresponding radii are therefore larger.
The same holds [or a cotuparison between the Star-Masbing and o-Clipping
pracednres: the galaxies appear to be fainter and smaler when applying che

Star-Masking technioque.
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cortparisor of tedic lor various methods
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Tuble 3.1: The mean differences of magnitudes and radii
for the developed procedures described in the previons

sections. Here, the oy are the derived rool 1ean squares

of the residuals.
dilference of filter hn_gﬂt_m;di_ - radins ~ number of e
procedires [} [aresed] galaxios mugl  Caresec
PSE-Fit.—a-Clip, I, 0431 + 0099 —2375 —0.599 30 0.491 3.025
tPSF-Fit.—a -Clip. R, 0564+ 0.3 —1523+0.279 15 0.297 1.891
iPSF-Fit.— Star-Mask. R 0475 £ 10429 0,999 1 $.336 21 0132 1.502
428 20381

a-Clip.— Star-Mask. H.
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[L 15 therefore possible Lo conclude that the o Clipping methad offers the
worst results of all Lhiree methods, The lower brightness parts of stars amd
other objects are probably not clipped out completely, causing o general shibl
ter brighter wmapgnitudes and larger radil,  Using Lhe Star-Masking method
secing Lo oller Better resulls, However, o small shift to fainter niagnitudes
and to larger radii can be observed. As part of the Star-MWasking procedure,
all cotut rates are masked oul, thal are severad sigina larger than the average
backeround. When the masked arca includes large parts of the galaxy, it inay
canse a shift towards smaller comnts, and thuy towards tainter magnitndes,
mimilarly, the inasking of counts that are several sigra lower than Lhe average
backgronnd nmay calige a shift (o positive counts for the fainter parts of the
aalaxy. thus resulting in larger radii. However, it is not entirely understood
where Lhese shilts crigiate fram, and further rvestization woald e helpdnd,

Based on the above comparizson, it is possible to conclude thal the (PSI-
Fitting method offers the best resylts, This observation is further strength-
otwd I Section 4.5 ou page 104 by an external conparison of 20 ASS data
witl Lhe derived integrated Kign mapgnitudes and the corresponding rgesy
radii obtained froon the iPSE-Fitig and the o-Chppeng procedures, This
cotLparison shows good agreement of the derived (PS5~ Fitting magnitudes
and radil with the 23MASS data



Chapter 4
(zalaxy Profiles and Parameters

Various parameters are extracted from the obscrved images and
galaxies. Ihe derived sky brightness for the R, and K. band images
is given in Section 4, 1. Surface brightness profiles are calculated for
ail palaxies, which makes it possible to determine intogratod magni
tudes ane corresponding raclii for these palaxies {Section 4.2). For
all galawies, circular aperture photometry is obtained as well [Sec-
tion 4.3}, The results are then investigated for the dilferent WHI
CCDs and furthermore compared externally with 2MASS data (Sec-
tions 4.4 and 45 respectively). From fitting a de Vaucouleur v'7!
profile, offoctive magnitudes and radii are established [Section 4.6],
and additionally the total magnitudes by fitting a Sérsic r'% func-
tion (Section 4.7). For cach galaxy, (R, - K.} colours are deter
mined {Section 4.8). Lastly, Section 4.9 describes the photarmetric

corrections that were applied to the data

By obtaining the clean salaxy inages in the previeus chapter, the fonnda-
ticn was laid for determining various properties of the galaxics under study,
As all the stars and other artetacts in the images had heen removed. accurate
parameters conceruing the geomelry and photometry of the galaxies conld

he established, ez surface brightness and colour profiles.

53
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4.1 Sky Brightncess

For eachi of the galaxies in the selecled sample (el Section 2.1 on page 31
and Tahle A2 on page 1 1 Appendix ALY, the sky brightuess in the R,
and K, bands were determined, In arder to obtain the surtace hrighlness
profles, the count rate of the background in each image was measured in Lhe
aren sirrounding each galaxy, using the imexamine Lask [rom within {47,
At ten different positions scaltered all over 1he imaoge, the mean count rate
wag coleulated 1 a squared field with the size of 10 x 10 pixels,  Where
applicahle, the image used for this was Lhe resulting image with all the stars
snbtracted, Otherwise, the positions were uspected by eye heforehand to
casure that Lhey were in between the stars and for away from any galaxy or
nebiali. Also nete that no significant deviations in the backgronnd, e.p. due to
imsutticient Hal ficlding, have been found on the scales on which the galaxies
were pnalvsed. Purthermore, no diffuse ewnission from the Milky Way, like
the Hypuha emission that is tadeed visible in some parts of Lhe B band images,

conld be observed near to Lhe relevanl areas of these lnnges,

This meLhod seems Lo work betler in sla—crowded Geldy than the back-
ground fitting Lhat 18 often nsed to establish the sky bright ness in observations
far away froin the Galactic Plane (Jorgensen et al., 1992). The background
ficting can, for instance. be done by making use of the resnlts obtained in
the provions chapler. ldeally, the connl ratey determined by reans of Lhe
nllipse task decrease from i mesimum at Lhe cencre of the galaxy Lowards
the sky-value with increasing radius or semi-major axis. The region where
the count rate reaches Lhe sky level can be ftled by a hunclion, so thal 1he
comnts of the sky background can be estimated. The statistical melhord de-
seribed above, where the sky was estimated by measuring the count rate
at dillerent positions, was applied to all data obtained in this dissertation.

However, tor a sample of galaxies in the R, bawd, the backpround {itting was

TWar a deseription of the abhreviations nsed in this dissertation, the reader s pelerred

tu Section 1 in the Appendiv on poage 247
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tested as well, The following two cqualions were dscd oy Hiling [nhclions,

; LT 5 TR
N = eyt -h €/ I:r.-'n:;a} (4.1)
aluel
- - Ru 13 o3
N = Dy = Oy T 10 (4.2]

The fitting was done for two different lengths along, the semianajor axis by
making use of the Physiea? softwace, The resnlting background would then,
[or instance, be the mean of the two fits, 1, o, = [y = Do) /20 The
o atd 0y are arbitrary factors that were fitted, and &V 18 the total uumber
of connts for each isophote, as derived with ellipse in the previous chapter
(Jargensen et al., 194921 The radins £ will be defined by Fguation 4.9 on
gt 9

The resulting values b, would then be used in Equations 4.3 and 4.4
hetow Lo delermine the brightness of the background. The fits of the fitted
palaxies are presented in Appendix A3 on page 207, The data were obtained
with thi ellipse task and by applving L Star-Uaosking method deseribed
i1 Section 3.3 on page 620 As an example, the plol showing the {ic for
Wikls 24920 can be seen in Figure 4.1 on page 85,

The results abtained {rom the standard star solution were wsed Lo deter-
mine the sky brightness [rom the derivied backgronnd counts (of. Section 2.5
otr page At). The measuced coutr rates [rom Lhe fitting deseribed above, or
the imexamine measurcinents mentioned carlicr, were used 1o one of Che Lwo

i llaklons

WA = il 5 B opimg,) (4.3)

ar
sky Fa UHEL'1._2|_—_1 x -‘L]:_l
Min Mgy 0 - loging, ], (4.4)

to determine the sky brightuess for the I, band and K, band observations,

respectively® Here, Hy, i the munber of conuts of the sky. The offsets

Eperviclid by Lie TRIUMPH Computing Services Group.
soe bt Sfwecw, driwenef oo Aedagsionfebad Ao poge. b
M this disservalion, the Log’ 15 referting to the cormmen logarichim to the base 10
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Figure 4.1 Galaxy WHIK 5920, WEI backsround [it as described i the text,
The radius refers to the semi-major axis length, The fit shown in the plot on
the top was eonducted over a larger range in radius than i the plot ar the

boltomm, Stntlar plols for 21 palaxies i total are shown in Appendix A3 on
Jage 207,
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ple and pi¥ were caleulated by using the transformatiom coefficients that

affear affssr

resulied from the photometrie calibration:

nEet =28 JoghZl AW — BT - B Xpe — G- {V - Ry} {(15)
and
uieet o 2.5 Joglti® - AR — o — e X — s - [T — KL (4.6)

The transtormation coetficients T, Ta, T, Ch, Cee and o,y wene derived
in Section 2.3 on page Al The exposnre times are given by LE‘J' aned L'It"
while AZY = 00566 aresec® and AJOFL — 00820 aresee? are the areas of {he
sky that are projected onto cach pixel of the WIT and SOLT, respectively.
Xge and X are the airmasses of the observations and (V — R ) and {J— K,
the colours, which are assumed to be zero for the sky, The established
shy backgroumds are given in Tables A3 and A4 on pages 196 ad 200
in Appendix ALL In Table A3, the average is stated [or the olizerved fields
where the shy brightness was caleulated [or more than one galaxy.

In Figure 4.2, Lthe rezulis [rom either using the hackground fitting or the
statistical technique are compared. Both methods were applied to the resulis
[rom the Star-Mashing procedure as deseribed in Section 3.3 on page 62, As
can be clearly secn, 1he deternined hackground counts from the backgronnd
[itding appear to give higher couut rades for all measurements, compared to
the statistical method, The average difference in counts of the fitting method
minus the statistical method AR oy thiing —aatiseios 5 918 + 117, as indicated
by the dashed line in Fiswre 4.20 Dependimg on the overall sky level, this
elfect could cause shifis in backaround determination of a few hundredih of
4 mlaznitude,

It can be arened, that theze differences are caused by a selection cffect
when examining the background statistics. After all, determining the areas
of the sky withoni visible objects may result in selecting inherently darker
revicons m the sky, This can hardly be the caze, however, whoen laree fore-

pronmd star pumbers in the tmages are apparent, as was the case with the
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statistical method or by fitting galaxy profiles nsing the Star-Masking method
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angle and the ellipticity.

The ellipse models were established by starting at a given distance from
the estimated centre of the galaxy, usually at a radius of around ten pixels
from the centre. First the elliptical isophotes were determined from a given
radius outwards, i.e. towards an increasing radius, and then inwards. The
largest possible radius was to ensure that the ellipse model would reach
the background. If possible, the position angle and ellipticity parameters
were not kept fixed, neither were the parameters for the suspected centre of
the galaxy. However, it was often necessary to keep one or more of these
parameters constant in order to obtain a proper galaxy model.

Similar to the determination of the sky brightness, as discussed earlier,
the count rate within each of the ellipses was used to determine the surface
brightness of the galaxy. For each of the isophotes calculated by the ellipse
task, the isophotal magnitudes were obtained by entering the corresponding

count rates into one of these two equations:
Hpe = MOt _ 2.5 . log(N — ngy) (4.7)

or
Hys = Mot — 25 log(N — ngy), (4.8)

for either the R, or the Kg band, respectively. As in Equations 4.3 and 4.4,
the ngy stands for the number of counts of the sky, as derived for each
galaxy (cf. Section 4.1 on page 86), while N is the number of counts within
the isophote as derived by means of ellipse task in Chapter 3. The off-
sets uRe . and pKs . were calculated by using the transformation coefficients
that resulted from the photometric calibration (cf. Section 2.5 on page 41),
and are given by Equations 4.5 and 4.6, for the R, band and the K band
data, respectively. Since the exact colours for each object were not known
beforehand, literature values for (V —R.) and (J — K;) colours were assumed,
i.e. 0.65™ and 1.0™, respectively (Dr. Woudt, priv. comm.).

The resulting isophotal magnitudes were plotted against the semi-major

axis of the galaxy as given by the ellipse task. The distance on the semi-
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major axis was calculated by using

Tora = Tawa pix * 0-238 arcsec (4.9)
and
r&s = K pix * 0-288 arcsec, (4.10)

according to the different lengths in the sky projected onto each pixel for the
WFI and SOFI CCDs, respectively. In these equations, rie, . and r&s, .
stand for the semi-major axis lengths of the ellipses in number of pixels, as
derived by the ellipse task. The rR¢, and rXs, stand for the same semi-
major axis converted into arcsec.

Once the isophotal magnitudes had been calculated, the semi-major axis
lengths rreos and rigzo of the isophotes were determined from the calculated
data. These are the semi-major axis lengths for which the surface brightness
reached the 23' and 20** magnitude per unit area, for the R, and K, data,
respectively. The integrated magnitudes R¢os and Kyyo were established by
adding up the isophotal magnitudes up to the given semi-major axis length,

using

Rep = pateet — 2.5 - log(Lre) — 2.5 - log(ARFY) (4.11)
and

Koy = Mg — 2.5 - log(Lis) — 2.5 - log(AFS™) | (4.12)

The offsets pget and pgffet are given by Equations 4.5 and 4.6, respectively.
Ly, and Lk, are the fluxes through the given ellipses as derived by ellipse,
AR AR n)

for Equations 4.11 and 4.12, respectively. The counts of the sky ng, were

which are reduced by the sky, i.e. (Dgy - na) and (Deky -
determined earlier (cf. Section 4.1 on page 86) and the area n,, over which
the flux had been determined, was given by the ellipse task.

Example plots of the isophotal as well as the integrated magnitudes for R,
and K; with respect to the semi-major axis length are shown for WKK 5920
in Figure 4.3 on page 94. These plots were derived for the data from the
iPSF-Fitting method described in Section 3.4 on page 65. All plots obtained
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Figure 4.3: Galaxy WKK 5920, isophotal and integrated magnitude plots for
R. and K, as determined with the {PSF-Fitting method described in Sec-
tion 3.4 on page 65. The horizontal dotted lines indicate where the isophotal
magnitudes pg, and py, are reaching the 23" and the 20*" magnitude per
arc second squared, respectively. A dashed horizontal line is indicating where
the isophotal magnitude pg, is reaching the 20** magnitude per arc second
squared. The vertical lines indicate the corresponding radii. Similar plots

for all galaxies can be found in Part II of this dissertation.

with the o-Clipping and the iPSF-Fitting methods are shown for all galaxies
in Part II of this dissertation. The plots obtained for the Star-Masking and
the PSF-Fitting methods can be seen in Appendix A.5 on page 215.

In addition to the mentioned magnitude plots, the ellipticity and the po-
sition angle were derived for each isophote by using ellipse. They were
plotted against the semi-major axis distance for each galaxy and for each
observed field, see corresponding figures in Part II of this dissertation. Ex-
ample SM-scripts for how the plots were derived from the data are given in
Part III of this dissertation.
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4.3 Circular Aperture Photometry

One of the goals of this study was to establish the colour excess of the galaxies
in the central Norma cluster area. This was possible through a comparison
with external photometry derived from Coma cluster galaxies. However, this
external data was obtained by making use of a circular aperture with a radius
of 10 arcsec. Thus, for the data processed earlier by applying the iPSF-Fitting
method (cf. Section 3.4 on page 65), similar circular aperture photometry had
to be derived. To further be able to make a comparison with the obtained
data, the chosen aperture radius had to be adjusted to 14 arcsec, since the
Norma cluster is assumed to be about 1.4 times closer than the Coma cluster.
This was necessary to avoid a bias towards redder colours and thus a too
large colour excess, due to the radial colour gradients that exist for elliptical
galaxies (cf. Section 5.2 on page 149). Furthermore, the derived circular
aperture magnitudes were also used for comparing the eight different WFI
CCDs, independently of the derived galaxy model (cf. Section 4.4 on page 95).
To obtain these magnitudes, the IRAF task phot in the DAOPHOT package
was used to get the flux within the circular apertures. This was then adjusted
by using the previously mentioned Equations 4.11 and 4.12, on page 93,
for the R, and the Ky band, respectively. However, with the Ly, and L,
representing the fluxes through the sky-subtracted circular apertures with

radii of 14 arcsec.

4.4 Magnitudes and Radii for different WFI
CCDs

Of the 31 galaxies for which the integrated magnitudes like R.o3 were deter-
mined, 14 galaxies were observed with more than one CCD. Two of these
were even observed with three CCDs. Thanks to the slight shifting of the
telescope between exposures, as described in Section 2.3 on page 37, parts of

the sky were recorded more than once. This made it possible to check for in-
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ternal accuracy of the magnitudes and radii derived for the WFI instrument.

In Figures 4.4 and 4.5 on pages 97 and 98, respectively, the integrated
magnitudes Re3 and corresponding rrees radii are compared, respectively.
These two properties are strongly coupled. For each CCD, the variations
with respect to the other seven CCDs are shown. The corresponding numer-
ical results can be found in Section 5.1 on page 121. The differences found
when comparing each CCD with its counterparts can be seen in Table 4.1.
Figures 4.6 and 4.7 on pages 99 and 100, respectively, show these deviations
for each pair of CCDs.

It can be seen from Figures 4.4 to 4.7 and Table 4.1 that the magni-
tudes and radii in general agree well. However, a closer look reveals slight
shifts between the CCDs in the order of a few tenth of a magnitude. These
shifts may partly be caused by the shifts already mentioned in Section 2.5
on page 41, and would thus be results of averaging some of the photometric
parameters. e.g. for each night of observations. This effect, however, could

not solely cause such large offsets. Two more reasons could account for the

difference brightness radius number of
WFI CCDs [mag) [arcsec] galaxies
#5x—#50  —0.050 £0.055  0.058 £ 0.819 4
#5x—#51¢ —0.093 0.629 1
#5x—#52 0.185+0.017 —-2.234+1.170 8
#5x—#53 —~0.104£0.048  1.143+0.707 8
#5x—#54 ~0.093 £0.049  0.444+0.631 4
#5x—#55 -0.114+£0.042  1.691+ 1.892 5
#5x—#56 0.007 £0.086  0.771 + 1.400 2
#5x—#57 0.142 £ 0.024 ~0.977 £ 0.500 4

“No standard deviation can be calculated, since only one set of data is available.

Table 4.1: The mean differences of magnitudes and radii from the determina-
tion of surface brightness profiles (cf. Section 4.2 on page 91), for each WFI
CCD compared to the other seven CCDs.
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Figure 4.4: Comparison of the derived galaxy magnitudes for all eight WFI
CCDs. The magnitudes were derived using the ‘PSF-Fitting method as de-
scribed in Section 3.4 on page 65, and from the determination of surface

brightness profiles, cf. Section 4.2 on page 91.
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WFI CCD Comparison
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Figure 4.5: Comparison of the derived galaxy radii for all eight WFI CCDs.
The radii were derived using the iPSF-Fitting method as described in Sec-
tion 3.4 on page 65, and from the determination of surface brightness profiles,

cf. Section 4.2 on page 91.



4.4. MAGNITUDES AND RADII FOR DIFFERENT WFI CCDS 99

WFI CCD Comparison

_171‘ [I'I[I‘l‘ll‘lilllll'li_||lll'lll"\|||l"llll‘?f'll_|\|1|||||lrl'l]ljr\rlr‘r|7|
0.5 L (#53-#50) vs. #53 T (#54-#50) vs. #54 T (#57-4#50) vs. 457 j
5 F + - .
C 1 J 1
C ° :E :‘E . ]
0 E‘ """"""" R RARARERREE —jr:— ********** P “E r:" """""""""""""""""""""" '5
C I I 1
—0.5 T T g
-IllI!llll‘llll]llll|llllllr-lllllll!llllll‘lllIllIlIll-(-Ll]_lLJ‘LIJlJLILlLlJIJIIllllr
_llllrlllll]"’lll'l[ll—'_llli‘||||[ll||lll’|l|'ll[1l'YlllrITVllr’Tlll'lljllIlllTlTl—[’_L
05 (#56~#561) vs. #56 jE_ (#653—#52) vs. #53 _j—__ (#54—#52) vs. #54 ]
“r + T -
E T T 1
r . I T ]
O : ................................. ,_j:-Vw.—.A.»..,..»,.,”..v.,,,,u,.”_:___ ,,,,,,,,,,,,,,,,,,,,,,,, ..j
N 1 ° o . + . _
— C :F T ]
& 0.5 | T T -
I.El r’lIllllllllllll'IIIIIIIIAJII—)_IIIIIIIIIIIIIIIIllI J_llIlT’_lLIiIJllL]lllljlllllllIlllr
s LITIT'1YW"|I]l]||‘1]1|||l|1_1|1||ll]l"|7|1]]Ijlll‘TlTlI_f‘TlT]1ﬁrlf|T]T|_r r‘lﬁ‘lﬁ_‘
§ o5 [ (#95-#52) vs. 455 T (#54-#53) vs. #54 T (#55-#53) vs. #55 R
S Uk T T ]
C “E T ]
O N . . .]}.. . 1
Do o I T ]
~05 [ T I s
‘lJIlLllll‘JlJl]lJLILJLIllJT_ILII‘JlJIJIJLllllll‘JlJllLl—_Jlll‘llllllllIiIIII‘LlJ_lLl-‘
L llllllll[’TWPﬁﬂTlrl l-‘['rlTIT’—T'_fl—'ﬁr[llllllIIII_IIJPIIIllllll[llll(lflVl'lllllllJ
0.5 [ (#57-#53) vs. 457 T (#57-#54) vs. 457 1 (#57-456) vs. #57 E
I T T ]
" . T T 1
- <+ . 4 o 4
O [ B AR AR AR h R EAR SRR -1
C I T )
F + + E
-05 - T T E
bIIIIIIIII‘LIALIAL]_LI_L]_lAllI,lI‘-IIllllll_LLLl_LIJ,Llll'llIAII_l‘-b.IAIIAI Lllllljllllllllllllllll-

11 12 13 14 15 1611 12 13 14 15 1611 12 13 14 15 186

R,.s [mag]

Figure 4.6: Comparison of the derived galaxy magnitudes for each pair of
the eight WFI CCDs. The magnitudes were derived using the ¢{PSF-Fitting
method as described in Section 3.4 on page 65, and from the determination

of surface brightness profiles, cf. Section 4.2 on page 91.
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Figure 4.7: Comparison of the derived galaxy radii for each pair of the eight
WFI CCDs. The radii were derived using the iPSF-Fitting method as de-
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Figure 4.8: Comparison of the derived galaxy magnitudes for all eight WFI
CCDs, using circular apertures. The magnitudes were derived as described in
Section 4.3 on page 95, using the results from the iPSF-Fitting, cf. Section 3.4
on page 65.
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Figure 4.9: Comparison of the derived galaxy magnitudes for each pair of the

eight WFI CCDs, using circular apertures. The magnitudes were derived as

described in Section 4.3 on page 95, using the results from the iPSF-Fitting,

cf. Section 3.4 on page 65.
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difference brightness number of
WFI CCDs [mag] galaxies
#5x—#50  —0.003 £ 0.043 4

#5x—#512  —0.093

#5x—#52  0.170 £ 0.014
#5x—#53  —0.085 % 0.040
#5x—#54  —0.054 £ 0.048
#5x—#55  —0.120 £ 0.035
#5x—#56  0.041 +0.027
#5x—#57  0.033 £ 0.031

N v R Qo 0o =

%No standard deviation can be calculated, since only one set of data is available.

Table 4.2: The mean differences of circular aperture magnitudes for each
WFI CCD compared to the other seven CCDs.

discrepancies. Since all the investigated galaxies lie close to the edge of a set
of combined images, the different models made of the galaxy could deviate
from CCD to CCD, because parts of the galaxy can be missing. Further-
more, the differences in intensity of up to 50 counts at the edges from one
CCD to the next can cause variations in the determined magnitudes and
radii, especially for the low intensity parts of the galaxies. These variations
in intensity are caused by the background variation of about 1% for each
exposure, which was mentioned in Section 2.4 on page 39. This causes vari-
ations at the edges due to the adding of several exposures into one image, as
described in Section 2.4. Obtaining different models seems inevitable for the
galaxies that are positioned at the edge of different images, e.g. when some of
the lower intensity parts of a particular galaxy are missing in each image. To
ensure that the shown differences in magnitudes and radii are not caused by
slightly different galaxy models, the circular aperture photometry obtained
earlier (cf. Section 4.3 on page 95) was investigated as well. All the double
and triple magnitude sets were compared for the eight WFI CCDs. The re-
sults are shown in Figures 4.8 and 4.9 on pages 101 and 102, respectively.
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The fitted offsets can be found in Table 4.2. It can be seen that the elliptical
photometry and the circular aperture photometry do agree very well. This
indicates that the fitted differences in magnitudes for the WFI CCDs do not
result from the determination of different galaxy models for different CCDs.
The differences in intensity could nevertheless still account for the shown
offsets between the CCDs.

4.5 External Comparison of Magnitudes and
Radii

In order to verify the accuracy of the described methods, the magnitudes
and radii that were determined need to be compared with external data.
Particularly suitable galaxy magnitudes and radii in the near infrared are
available from the 2 Micron All Sky Survey (2MASS), e.g. for the K band.
2MASS offers high accuracy and coverage of the entire sky. The correlation
of K band data from this study and from 2MASS are thus investigated in

this section.

Figures 4.10 and 4.11 on pages 105 and 106, respectively, show the rela-
tion between 2MASS and the SOFI K,s¢ and rgg0 data as derived by means
of the o-Clipping method described in Section 3.1 on page 49. Similarly, Fig-
ures 4.12 and 4.13 on pages 107 and 108, respectively, show these relations for
the iPSF-Fitting method described in Section 3.4 on page 65. The tabulated
magnitudes, radii and other galaxy properties that were determined with the
methods described in the previous section can be found in Section 5.1 on
page 121. The data taken from 2MASS for these comparisons are given in
Table A.8 on page 229.

For each of the two procedures, the differences AKqogomass—sorr and
Arks20,2mass—sor1 are plotted in Figures 4.10 to 4.13 on pages 105 to 108,
respectively. Two functions are fitted, using the Gnuplot implementation

of the nonlinear least-squares Marquardt-Levenberg algorithm. The fitted
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SOFI (o-Clipping) versus 2MASS magnitudes
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Figure 4.10: Comparison of Kg galaxy magnitudes derived by means of the
o-Clipping procedure for SOFI vs. K galaxy magnitudes from the 2MASS
catalogue. The dashed lines represent the fitted Funtions 4.13 and 4.14 on
page 105, using the results shown in Table 4.3 on page 109.

functions are

g(z) = a-z+b (4.13)

and

h(z) =c. (4.14)
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SOFI (o—Clipping) versus 2MASS radii
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Figure 4.11: Comparison of rkso galaxy radii derived by means of the o-
Clipping procedure for SOFI vs. rggo0 galaxy radii from the 2MASS catalogue.
The dashed lines represent the fitted Funtions 4.13 and 4.14 on page 105,
using the results shown in Table 4.3 on page 109.

Here z is either the 2MASS magnitude or the radius, depending on the
fit. For the fitting parameters a, b and c, the resulting values are given in
Table 4.3 on page 109. The fitted functions are indicated in the plots.

As can be seen from the fitted values as well as the plots, the bright-
ness for the o-Clipping method appears to be too high compared with the
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SOFI (iPSF-Fitting) versus 2MASS magnitudes
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Figure 4.12: Comparison of Ky galaxy magnitudes derived by means of
the iPSF-Fitting procedure for SOFI vs. Ko galaxy magnitudes from the
2MASS catalogue. The dashed lines represent the fitted Funtions 4.13
and 4.14 on page 105, using the results shown in Table 4.3 on page 109.

2MASS data, and the corresponding radii appear to be too large. This corre-
sponds well with the results discussed in Section 3.5 on page 80, with regard
to the comparison of the data derived from the different procedures. Con-
versely, the brightness and radii determined with the iPSF-Fitting method
agree quite well with the data from 2MASS. Also, a much smaller scatter in
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SOFI (iPSF-Fitting) versus 2MASS radii
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Figure 4.13: Comparison of rkss galaxy radii derived by means of the {PSF-
Fitting procedure for SOFI vs. ryeo galaxy radii from the 2MASS catalogue.
The dashed lines represent the fitted Funtions 4.13 and 4.14 on page 105,
using the results shown in Table 4.3 on page 109.

magnitude range can be observed for the iPSF-Fitting method compared to
the o-Clipping method. These results seems to suggest that the former tech-
nique is indeed a very good approach for dealing with galaxies in crowded
starfields.



Table 4.3: Results from fitting the AKgo omass—sorr and
Arkgo2mass—sorr for the two methods, o-Clipping and
tPSF-Fitting. The fitted functions are given in Equa-
tions 4.13 and 4.14 on page 105, using the fitting param-
eters a, b and c¢. Here, the o5, are the derived root mean
squares of the residuals. The number of galaxies used for
the fitting are 28 for the o-Clipping method and 29 for
the «PSF-Fitting method.

method fitted a b c crfgigz) aggx)
property

o-Clipping  magnitudes —0.082+0.067 1.266 £0.697 0.413+0.074 0.385 0.389

o-Clipping radii 0.053 £ 0.065 —-3.405+1.470 -2.3124+0.599 3.130 3.110

iPSF-Fitting magnitudes  0.063 £0.022 -0.643+0.233 0.033+0.024 0.117 0.131

iPSF-Fitting radii 0.083 £0.078 -1.094+1.590 0.429+0.697 3.677 3.686
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Assuming this to be the case, another effect can be seen in the plots and
in the fits. For fainter galaxies, the SOFI data seems to produce brighter
galaxies, whereas this relation is reversed for brighter galaxies, with a turning
point at a magnitude of about 10.5™. Consequently, the determined radii are
smaller for SOFI than for 2MASS in the case of small (faint) galaxies and
larger for galaxies larger than about 15arcsec. This result may need further
investigation on a larger set of data. If true, however, this could be caused by
the fact that the SOFI data have a higher angular resolution than the 2MASS
data. For instance, a deviation of the elliptical profile in the 2MASS data
due to the comparably large FWHM could cause smaller and fainter galaxies
to be ‘smeared out’, hence causing such galaxies to appear slightly fainter.
The differences could also be a result from the way 2MASS is dealing with
star crowding. However, to confirm such a relation, a closer investigation on
a larger data set ought be undertaken, also, because this relation does not

seem to be visible for the o-Clipping data.

4.6 Effective Radii and Magnitudes

Two further properties were extracted from the galaxy data that had been
derived earlier with ellipse. Again, only the results from Section 3.4 on
page 65 were used here, since the iPSF-Fitting method is considered to offer
the best results, compared to the methods described in Sections 3.1 to 3.3
on pages 49 to 62.

The parameters of interest in this regard are the effective surface bright-
ness p, and the effective radius re. From the fitting of a function to the surface
brightness profiles of each galaxy, as described in Section 4.2 on page 91, the
radius can be determined, within which half of the total light of the galaxy
is assumed to be emitted. This radius is called the effective radius re, and
the isophote at this particular radius gives the effective surface brightness
H.. A major advantage of effective radii compared to radii of isophotes is,

that they are independent of the surface brightness scale and are thus not
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Figure 4.14: Galaxy WKK 5920, plots of brightness (ugr_ and py ) versus
semi-major axis (sma'/?) to demonstrate the profile fitting with the Gnu-
plot implementation of the nonlinear least-squares Marquardt-Levenberg al-
gorithm. The arrows point to the upper and lower limit of the data set
that was used for the fit. The abscissa is scaled with (sma)'/ to account
for the de Vaucouleur r'/4 relation (see text for further explanation of this).
The resulting effective (half-light) radius r/* and effective (half-light) surface
brightness p, are indicated by straight lines. Similar plots for all galaxies can

be found in Part II of this dissertation.
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affected by extinction.

The ideal function to be fitted to the surface brightness profile of early-
type galaxies and even for the central regions of spiral galaxies appears to
be the Sérsic r'/® function (Sérsic, 1968), although, until today, the de Vau-
couleur r'/4 function is often used to do the fitting (de Vaucouleur, 1948,
1959; Hogg, 2001; Jgrgensen et al., 1992). In this dissertation, the r/4 func-
tion was applied, in order to enable the comparison of results from different

sources and for reasons of simplicity, as the resulting function given by

(S;’:“) " 1] (4.15)

can be reduced to a linear function and easily fitted (Caon et al., 1993; Hogg,

H=H,+k-

2001). To do this, the surface brightness was plotted against the semi-major
axis length sma'/* and fitted with the function f(sma'/*) = a.sma'/* +b.
However, the profiles were inspected by eye and only the parts were used
for the fitting, that were considered to be not affected by seeing effects or
that deviated too strongly from the straight line, see Figure 4.14 on page 111
for an example. The Gnuplot implementation of the nonlinear least-squares
Marquardt-Levenberg algorithm was used for the fitting. When comparing
the fitted function with Equation 4.15, one can find the relations for the
effective (half-light) radius r. and the effective (half-light) surface brightness
He;

ro = (k/a)? (4.16)
and

M, =b+k, (4.17)

respectively. k for the de Vaucouleur '/ function is found to be 8.3268
(Hogg, 2001), and thus r, and p, can be obtained from the fit.

The obtained r, and p, are shown in Table 5.3 on page 129 in Chapter 5.
It must be noted that the results differ a lot for some double sets of galaxy
measurements, e.g. for WKK 6180, WKK 6242, WKK 6615 etc. The same

reasons apply here that caused the deviations in galaxy magnitudes and radii
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for different WFI CCDs, as described in Section 4.4 on page 95. However,
the method for obtaining the effective magnitudes and radii is much more
sensitive to deviations in intensity, and therefore the discrepancies appear
much more serious. The shown error in Table 5.3 can not account for this,
since it is based on the fit of a small portion of the surface brightness profile

only.

4.7 'Total Magnitudes derived with GALFIT

An important property of galaxies are total magnitudes. They are derived
within the faintest visible isophote, but are corrected for the missing light
by extrapolating the surface brightness profile out to infinity. The main ad-
vantage of total compared to isophotal magnitudes is, that the extinction
only affects the magnitude, since the radius has been integrated out of the
determination. Total magnitudes can for instance be used for a Fundamental
Plane analysis. However, the total magnitude data derived in this disserta-
tion are not used for any analysis presented here. They are only stated for

reasons fo completeness.

To derive the total magnitudes for all galaxies, a software called GAL-
FIT has been used. This program makes it possible, to easily derive many
different parameters from images that are containing galaxies (Peng et al.,
2002). Some of the derived parameters, namely the total magnitudes REota!
and K™, the effective radii rCRIF™™ and r$f1F'T, and the Sersic indices ng e
and ng s (Sérsic, 1968), are shown in Table 5.7 on page 139 in Chapter 5.
GALFIT was applied to the images that were resulting from the data pro-
cessing described in Section 3.4 on page 65, because the iPSF-Fitting method
is considered to offer the best results, compared to the methods described
in Sections 3.1 to 3.3 on pages 49 to 62. Note that for the total magnitudes
shown in Table 5.7, the photometric corrections described in Section 4.9 on

page 116 have not been applied yet.
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4.8 Apparent Galaxy Colours

Since photometry was obtained for two filters, it was possible to calculate
the differences in their intensities. These (R, — K;) colours were obtained by
using the integrated magnitudes of the galaxies as described in Section 4.2
on page 91.

For the R, band, the integrated magnitude at rkgop was calculated, i.e. at

the semi-major axis length for which the surface brightness p in the Kg band

‘killall’ WKK98-5920 R K, 11 51
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Figure 4.15: Galaxy WKK 5920, (ug_ — myk,) magnitude plot. The vertical
line indicates the radius for which the K, band isophote reaches the 20!
magnitude per square arc second. The sharp fall-off for large radii is due to
the K band data reaching the background. Similar plots for all galaxies can
be found in Part II of this dissertation.
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Figure 4.16: Galaxy WKK 5920, (R, —Kj)"*=2 magnitude plot as described in
Section 4.8 on page 114. The vertical line indicates the radius for which the
K, band isophote reaches the 20** magnitude per square arc second. Similar

plots for all galaxies can be found in Part II of this dissertation.

reaches the 20" magnitude per unit area. This is demonstrated in Figure 4.16
on page 115 for WKK 5920. Similar plots for all galaxies can be found in
Part II of this dissertation. The difference in integrated magnitudes between
the two bands (R, and Kj) results in the (R, — K;)™=20 colour. Similarly, the
(Re—Kj)™" colours were obtained from the R, and K integrated magnitudes

at the effective radii rX®, as determined in the previous section.

The results from Section 3.4 on page 65 are considered to offer the best

results, compared to the methods described in Sections 3.1 to 3.3 on pages 49
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to 62. Therefore only the data resulting from applying the ¢PSF-Fitting
method were used.

Subsequently, another set of (R, — KS)’ﬁrc colours were derived, to be able
to do a comparison with external data (cf. Section 5.2 on page 149). The used
circular aperture magnitudes were obtained with the phot task according to

the description given in Section 4.3 on page 95.

4.9 Photometric Corrections

To be able to work with and compare the derived galaxy brightness, one has
to apply a series of corrections. These transformations cause the galaxies
to be virtually moved towards the observer. The corrections were applied
to the derived (R. — K;) colours shown in Section 5.1 in Tables 5.4 and
5.6 on pages 133 and 137, respectively and to the Coma cluster data given
in Appendix A.8 in Table A.11 on page 241. Likewise, for the integrated
magnitudes as derived by means of the {PSF-Fiiting procedure as well as
for the effective surface brightness p, in Section 5.1 in Tables 5.9 and 5.3 on

pages 147 and 129, respectively, such corrections were applied according to
Meorr = Mops — Ax — SBC — EVC - KC. (4.18)

Here, mgys is the observed and me,,, the corrected integrated magnitude. The

applied corrections are:

A,: The extinction correction, derived from the DIRBE/IRAS dust maps
by Schlegel et al. (1998). They were extracted from the Nasa/IPAC
Extragalactic Database* (NED) for each object. The extinction cor-
rections given in the NED are calculated according to the method de-
scribed in the Appendix of Schlegel et al. (1998). For the data used
here, the magnitude corrections Ag. and Ak, were applied. However, it
is not yet clear, whether the extinction derived by Schlegel et al. (1998)

is accurate at low latitudes, e.g. due to its low resolution compared

4See http://nedwww.ipac. caltech. edu/.
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to the patchiness of the dust in the foreground Milky Way (Burstein,
2005). It has also been suggested that Schlegel et al. (1998) have overes-
timated the extinction close to the Galactic Plane (Arce and Goodman,
1999; Dutra et al., 2002; Nagayama et al., 2004). Thus, the precision of
the extinction maps in the investigated area must still be ascertained.
On a large scale, however, it is the most accurate measurement for

extinction today.

SBC: The surface brightness of a galaxy, i.e. the flux per unit area, di-

KC:

minishes with distance, due to the expansion of the universe, i.e. the
area from which the flux is emitted. To correct for the missing light, a
correction of SBC = 10 - log(1 + Zcyster) has to be applied, with Zgjuster
being the assumed redshift of the galaxy cluster (Sparkle and Gallagher,
2000). The redshift Z.uster of the cluster is assumed to lie close to the
mean Z determined from using the galaxy spectra of the cluster mem-
ber galaxies. For the Norma cluster galaxy set used in this dissertation,
the average Znorma i about 0.017. For the Coma cluster data used in

Section 5.2 on page 149, the average Zcoma iS about 0.0227.

Also caused by the expansion of the universe is a redshift of the ob-
served light. The spectrum emitted from a galaxy is shifted to longer
wavelengths. However, every observation is limited to a range of fre-
quencies or photon energies. Thus, when keeping the observed photon
range fixed, the observed part of a galaxy spectrum moves towards the
shorter wavelength part for more distant galaxies. This effect increases
with redshift and depends on the shape of the spectrum (galaxy type)
that is observed. For a small range in redshift, this relation can be
approximated linearly for each galaxy type and observed filter band.
According to Poggianti (1997), the relationship applied here is

KC=ck -z, (4.19)

with cx = —1.5 for the K band and cx = 1.1 for the R, band. Here z is
the individual redshift for each galaxy, taken from the galaxy spectrum.
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The described correction is often referred to as the k-correction.

EVC: Since light travels with finite velocity, everything we observe has
happened in the past. This effect may not be relevant for nearby ob-
servations, but it becomes an important factor when considering the
large-scale structures of the universe. The distribution of stars within a
galaxy as well as their spectra change over time. Since galaxies are ba-
sically an agglomeration of stars, the spectrum of galaxies evolves with
time, too. This makes it necessary to apply an evolutionary correction
to distant galaxies. The observed waveband and galaxy types have to
be taken into account. For a small range in redshift, this relation can
be approximated linearly for each galaxy type and observed filter band.

According to Poggianti (1997), the corrections were derived with
EVC = Cev Ecluster P (420)

where cgy = —1.4 for the K, band and cgy = —1.2 for the R, band.
Again, Zgyster 18 the assumed redshift of the galaxy cluster, i.e. either
ZNorma = 0.017 O Zcoma =~ 0.0227, for the Norma cluster and the Coma

cluster, respectively.

A further two corrections ought to be applied, but were neglected here.
The first correction is due to effects of the seeing on the galaxy profiles.
Although it can be seen that the central parts of the surface brightness
profiles are affected by the seeing, this effect is considered to be negligible,
because the central parts of the galaxies were not used for any analysis in this
dissertation. This was possible, because of the good photometry that was
obtained, and because the investigated galaxies are large compared to the
effects of seeing (FWHM < 2arcsec; see the determined FWHM for the WF1
and SOFI observations in Appendix A.1, Tables A.3 and A.4 on pages 196
and 200, respectively). The second correction needs to be investigated first.
The argument is that the radius of galaxies is reduced by Galactic extinction
and that thus more light would be received if the galaxy was not concealed by

dust and gas in the foreground. The extinction correction applied according
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to Schlegel et al. (1998), described earlier, only accounts for the reduction
of brightness, but not for the light that is missed due to smaller radii. This
correction was not adopted here, but should be applied, once this subject
has been analysed more closely. Similar to the corrections suggested for
the B band and K¢ band by Cameron (1990) and Nagayama et al. (2004),

respectively, corrections for other bands must still be derived.
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Chapter 5

Results

The primary results from applying the developed techniques are
shown in this chapter. Section 5.1 consists of tables of the vari-
ous galaxy properties extracted, such as galaxy brightness and size.
The observed colour, the colour excess and the colour gradients of

the galaxies are investigated in Section 5.2.

Establishing a method to determine accurate galaxy photometry in
crowded starfields was one of the main goals of this study. Descriptions
of the developed procedures are given in Chapter 3 on page 47. In accor-
dance with these procedures, various types of information about the galaxies
at hand were extracted using the methods described in Chapter 4 on page 85.
This resulted in a series of principal and supplementary results, which will

be outlined and discussed briefly in this chapter.

5.1 Properties of the Galaxy-Set

The main results from deriving surface brightness profiles and integrating
over a given area, resulted in particular magnitudes and radii, depending on
the criteria for which these values were derived. The criteria applied here are
described in detail in Section 4.2 on page 91. For the o-Clipping and iPSF-
Fitting procedures, the resulting galaxy properties are listed in Tables 5.1

121
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and 5.2 on pages 124 and 126, respectively. These are the principal results for
this study. They were used to compare the developed procedures internally
and with external data taken from 2MASS, as set out in Sections 3.5 and
4.5, on pages 80 and 104, respectively. The tabulated results for the Star-
Masking and PSF-Fitting methods are considered to be less important and
can be found in Appendix A.6 in Tables A.6 and A.7 on pages 227 and 228,
respectively. For all these magnitudes, the photometric corrections described
in Section 4.9 on page 116 have not been applied. For the corrected iPSF-
Fitting magnitudes, see Table 5.9 on page 147. The surface brightness profiles
for all the galaxies in the galaxy set outlined in Section 2.1 on page 31 are

shown in Part II of this dissertation.

For all galaxies, the effective radii r. and effective magnitudes p, were de-
termined by fitting a de Vaucouleur r'/* function to the galaxy surface bright-
ness profiles. This is described in more detail in Section 4.6 on page 110. The
derived values plus their fitting errors can be found in Table 5.3 on page 129.
The obtained magnitudes and colours were corrected photometrically, as de-

scribed in Section 4.9 on page 116.

Furthermore, circular aperture photometry was obtained for all galax-
ies by making use of the TRAF task phot, as described in Section 4.3 on
page 95. The derived magnitudes and colours were corrected photometri-
cally, as described in Section 4.9 on page 116, and can be found in Table 5.5
on page 135.

It should be mentioned again, that for some double sets of galaxy measure-
ments, the results do differ a lot, e.g. for WKK 6180, WKK 6242, WKK 6615
etc. in Table 5.3 on page 129. Possible reasons for these deviations are given

in Sections 4.4 and 4.6 on pages 95 and 110, respectively.

For the ¢PSF-Fitting procedure, the apparent colours were determined
according to the methods described in Section 4.8 on page 114. The colours
were established for two different radii for the elliptical aperture photometry,
namely the radius at which the surface brightness in the K, band reaches the

20"" magnitude and the effective radius Te ks i the Kg band, as derived in
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Sections 4.4 and 4.6 on pages 95 and 110, respectively. Similarly, the circular
aperture photometry was obtained for a radius of 10 arcsec for the Coma
cluster data and a radius of 14 arcsec or the Norma cluster (cf. Section 4.3
on page 95). All the derived colours are shown in Tables 5.4, 5.5 and 5.6
on pages 133, 135 and 137, respectively. The magnitudes and colours were
corrected photometrically, as described in Section 4.9 on page 116. How-
ever, the extinction correction was not applied. The integrated magnitudes
Rik,qo for the R band at rxeo radius, and the integrated magnitudes Ry, ,,
and K, .,

bles as well. Likewise, the circular aperture magnitudes R,ﬂrc and K are

at the effective radius reks for the Ky band are given in the ta-

shown. See Figures 4.15 and 4.16 on pages 114 and 115, respectively, for a
demonstration of how the colours were determined from the surface bright-
ness profiles. Similar figures for all the other galaxies are presented in Part IT

of this dissertation.

Total magnitudes have been derived for all galaxies with the GALFIT
software. This program allows one to derive many parameters for galaxies,
some of which are shown in Table 5.7 on page 139. All the tabulated data
were derived as described in Section 4.7 on page 113, but are, however, not
used for any analysis in this dissertation. The data are rather stated for
reasons of completeness only. Also note that for the total magnitudes shown
in Table 5.7, the photometric corrections described in Section 4.9 on page 116

have not been applied yet.

In Table 5.8 on page 143, the ellipticities and position angles are given
for each galaxy. However, deriving these values was not straightforward.
They were extracted from the plots as shown in Part II of this dissertation.
Only rough values could be estimated, since the ellipticities as well as the
position angle parameters were often kept variable during the isophote fit-
ting. For instance, deriving the values was often based on sections where
the position angle stayed roughly constant when observed radially outward.
Furthermore, the numbers given here for the position angles were adjusted

to a coordinate system, where 0° would point northwards and 90° points to
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the east (i.e. increasing counter-clockwise) and the semi-major axis would be
the pointer. Compare also with the images given for each galaxy in Part II
of this dissertation, where northwards and westwards are at the top and
the right side, respectively. This adjustment was necessary, because orien-
tation of the images was only adapted to the same coordinate system after
the isophote fitting had been conducted. Furthermore, for the plotting, the
angles were sometimes rotated by 180°. Galaxy types for each galaxy are
proposed as well and are stated in Table 5.8. These classifications are based
on the shown ellipticities and on visual inspections of the galaxy, e.g. on the

images presented for each galaxy in Part II of this dissertation.

Table 5.1: Magnitudes and radii obtained by applying the
o-Clipping procedure. For these magnitudes, the photo-
metric corrections described in Section 4.9 on page 116
have not yet been applied. The data are sorted and
displayed according to photometrically corrected K"
brightness, as derived with the iPSF-Fitting procedure
(cf. Table 5.9 on page 147).

WKK* obs. field.! WFICCD!  Reos rro3’ K20 I'Ks20°

ident. {mag] [arcsec] [mag] [arcsec]

6269 01 52 10.568 83.072 7.815 65.329
01 55 10.953 63.510

6318 01 51 11.532 55.221 8.592 50.442

6204 01 54 11.814 40.136 8.072 37.402

6116 03 56 12.213 32.248 n.a. n.a.

5987 03 53 12.633 26.459 7.527 38.565
11 50 12.657 26.459

6019 04 53 12.159 30.394 9.680 31.924
04 52 12.266 36.030

5972 03 53 12.043 34.582 9.517 32.248
11 50 12.333 24.685

5920 11 51 12.612 28.375 9.760 27.984

6360 01 57 12.595 25.903 10.031 19.007
01 56 12.560 26.459

6600 07 50 13.356 19.821 10.100 21.647
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Table 5.1: (continued) Magnitudes and radii obtained by

applying the o-Clipping procedure.

§

§

WKK* obs. ﬁeld_f WFI CCDI R,c23 T'R23 Kszo I'Ks20
ident. [mag] [arcsec] [mag] [arcsec]
6183 03 57 12.698 26.180 10.189 23.425

01 53 13.137 24.202
6180 04 50 12.419 30.085 9.902 26.134
01 54 12.554 26.976
6250 01 55 13.669 20.816 10.416 23.213
6679 16 52 12.773 19411 10.141 19.411
6221 02 54 12.914 21.248 10.376 22.297
6242 01 52 13.906 16.551 10.733 18.078
01 55 14.140 14.400
6431 06 53 13.562 16.225 10.596 21.647
6383 01 50 13.709 22.092 10.692 22.503
6342 01 56 13.184 14.698 10.358 14.253
6012 04 54 14.014 15.308 10.817 19.597
6235 05 52 13.190 19.227 10.706 18.646
05 53 13.385 18.290
01 55 13.435 17.765
6555 06 51 14.013 17.592 10.877 18.290
6282 01 55 13.704 13.170 10.963 11.688
6229 01 53 14.693 9.124 11.523 9.293
6075 09 56 14.446 10.685 n.a. n.a.
03 51 14.520 10.900
6198 05 54 13.547 15.463 10.188 17.730
6047 04 52 14.051 12.046 11.167 13.420
03 55 14.190 12.281
6477 06 52 14.490 11.815 11.760 10.996
6473 18 55 14.161 11.240 11.358 13.561
6233 01 52 14.679 11.020 11.794 9.293
01 54 14.901 9.487
01 53 14.925 10.175
6615 06 57 14.173 12.545 11.665 12.760
15 50 14.350 11.462
6620 06 57 14.669 11.240 13.006 9.020
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Table 5.1: (continued) Magnitudes and radii obtained by
applying the o-Clipping procedure.

WKK* obs. ield.! WFICCD}  Reas TRo3’ Ke20  Tke20
ident. [mag] [arcsec] [mag] [arcsec]
16 54 15.814 9.595

*Taken from Woudt (1998).
T As defined by Dr. Woudt (priv. comm.).
*Extracted from the FITS header.

YStated as semi-major axis length

Table 5.2: Magnitudes and radii obtained by applying the
tPSF-Fitting procedure. For these magnitudes, the pho-
tometric corrections described in Section 4.9 on page 116
have not yet been applied. For the data with corrections
applied, see Table 5.9 on page 147. The data in the table
below are sorted and displayed according to K5§" bright-
ness, as derived by means of the iPSF-Fitting procedure
(cf. Table 5.9 on page 147).

WKK* obs. field! WFICCD} Rgs rR23) Ka20 I'Ks20®

ident. [mag] [arcsec] [mag] [arcsec]

6269 01 52 11.416 70.145 8.302 60.332
01 55 11.554 61.028

6318 01 51 11.993 53.065 8.874 47.048

6204 01 54 12.576  36.384 9.249  41.754

6116 03 56 12.857 28.622 9.757 24.863

5987 03 53 13.104 25.176 9.841 26.929
11 50 13.135 24.685

6019 04 53 13.163 25.176 9.904 22.961
04 52 12.941 30.394

5972 03 53 12.975 31.656 9.918 25.629
11 50 13.087 30.085

5920 11 51 13.242 24.908 10.031 23.682

6360 01 57 13.139 22.793 10.131 18.826

01 56 13.217 20.622
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Table 5.2: (continued) Magnitudes and radii obtained by

applying the iPSF-Fitting procedure.

WKK* obs. ﬁeld.f WFI CCD‘t R¢23 I‘R23§ ngo I‘K520§
ident. [mag] [arcsec] [mag] [arcsec]
6600 07 50 13.621 19.411 10.280 18.826
6183 03 57 13.264 23.468 10.345 21.647

01 53 13.457 22.092
6180 04 50 13.256 26.693 10.455 19.784
01 54 13.353 24.421
6250 01 55 13.771 22.092 10.540 20.816
6679 16 52 13.628 18.290 10.744 14.970
6221 02 54 13.999 18.862 10.790 20.391
6242 01 52 14.063 13.590 10.849 15.746
01 55 14.213 14.282
6431 06 53 13.869 16.387 10.875 14.400
6383 01 50 14.180 19.411 10.917 22.503
6342 01 56 14.150 14.400 10.965 14.818
6012 04 54 14.213 14.548 11.047 15.904
6235 05 52 13.814 18.113 11.092 14.818
05 53 14.067 16.064
01 55 14.026 17.251
6555 06 51 14.275 17.251 11.109 17.387
6282 01 55 14.440 11.688 11.203 11.688
6229 01 53 14.790 8.773 11.574 8.937
6075 09 56 14.954 10.804 n.a. n.a.
03 51 15.047 10.175
6198 05 54 14.669 13.990 11.800 12.519
6047 04 52 14.766 11.815 11.819 11.338
03 55 14.878 11.462
6477 06 52 14.639 11.240 11.837 9.949
6473 18 55 15.031 9.595 11.830 10.996
6233 01 52 14.872 10.266 11.839 9.573
01 54 15.047 10.084
01 53 15.092 9.487
6615 06 57 14.759 11.462 12.129 8.937
15 50 14.913 11.020
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Table 5.2: (continued) Magnitudes and radii obtained by
applying the iPSF-Fitting procedure.

WKK* obs. ﬁEﬂd.}r WFI CCDI R023 I‘R23§ Kszo I'K520§

ident. [mag] [arcsec] [mag] [arcsec]
6620 06 57 15.875 8.937 12.950 8.332
16 54 16.019 9.020

*Taken from Woudt (1998).
tAs defined by Dr. Woudt (priv. comm.).
Extracted from the FITS header.

SStated as semi-major axis length



Table 5.3: Effective surface brightness and effective radii

obtained by applying the iPSF-Fitting procedure and

fitting the resulting surface brightness profiles (cf. Sec-

tion 4.6 on page 110). For these magnitudes, the photo-

metric corrections described in Section 4.9 on page 116

have been applied. The data in the table below are

sorted and displayed according to photometrically cor-
rected K3 brightness, as derived by means of the iPSF-

Fitting procedure (cf. Table 5.9 on page 147).

WKK* obs. field! WFICCD* p.p.  u&R,  Temd o8 Meks  HT%s  TeKs® rer s
ident. [mag] [mag] [arcsec] [arcsec] [mag] [mag] [arcsec] [arcsec]
6269 01 52 22.028 0.030 57.798 0.613 18.348  0.029 30.401 0.244

01 55 22.113 0.029 53.872 0.518
6318 01 51 22.000 0.025 44.132 0.407 18.575  0.009 28.589 0.079
6204 01 54 21.659 0.030 26.729 0.241 19.047 0.044 26.387 0.357
6116 03 56 21.574 0.031 20.027 0.197 17.006  0.030 7.143 0.053
5987 03 53 21.360 0.035 16.740 0.166 18.738  0.034 17.142 0.174
11 50 20954 0.022 13.651 0.084
6019 04 53 20.136  0.039 10.501 0.103 16.409  0.076 6.170 0.099
04 52 20.183  0.055 13.212 0.191
5972 03 53 21.188  0.026 19.208 0.150 17235 0.035 9.040 0.076

LHS-AXVIVO HHI 40 SHILHAdOdd 'T'S
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Table 5.3: (continued) Effective surface brightness and ef-

fective radii obtained by applying the iPSF-Fitting pro-

cedure and fitting the resulting surface brightness pro-

files.
WKK* obs. field! WFICCD! p.p.  u&R.  Terd RS Meks  MTke  Teks® rog S
ident. [mag] [mag] [arcsec] [arcsec] [mag] [mag] [arcsec] [arcsec]
11 50 21.130 0.024 17.712 0.118
5920 11 51 21.354  0.022 17.218 0.122 17.912  0.043 10.759 0.131
6360 01 57 19.535 0.028 6.600 0.048 16.092 0.019 4.285 0.019
01 56 19.458  0.020 6.185 0.031
6600 07 50 19.877  0.162 6.341 0.248 18.424  0.087 11.185 0.272
6183 03 57 20.820 0.033 11.516 0.103 17310  0.064 6.745 0.101
01 53 21.247  0.029 13.129 0.105
6180 04 50 22.700  0.060 33.940 0.707 18.109  0.033 9.735 0.090
01 54 22.038 0.035 21.412 0.242
6250 01 55 19.606  0.043 7.202 0.079 18.246  0.087 15.023 0.423
6679 16 52 20.188  0.023 7.327 0.042 17.454  0.040 6.131 0.065
6221 02 54 21.485  0.046 13.258 0.183 19.806  0.039 25.621 0.429
6242 01 52 16.835  0.067 1.743 0.018 17.114  0.041 5.981 0.061
01 55 19.784 0.113 5.744 0.177
6431 06 53 19.716  0.020 5.605 0.029 17.062 0.064 4.815 0.066

0¢T
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Table 5.3: (continued) Effective surface brightness and ef-

fective radii obtained by applying the iPSF-Fitting pro-

cedure and fitting the resulting surface brightness pro-

files.
WKK* obs. field! WFICCD! p.p.  M&R,  Temd IS Meks MTRe  Teks' e
ident. [mag] [mag] [arcsec] [arcsec] |[mag] [mag]| [arcsec] [arcsec]
6383 01 50 20.756  0.036 9.653 0.096 18.243  0.037 10.694 0.108
6342 01 56 19.797  0.083 5.057 0.101 16.640  0.063 3.889 0.052
6012 04 54 19914  0.067 5.488 0.089 19.070  0.105 11.199 0.326
6235 05 52 20994 0.031 10.322 0.095 17.694 0.070 6.047 0.107
05 53 20.611  0.033 7.632 0.066
01 55 21.227  0.050 10.639 0.156
6555 06 51 20.847 0.062 8.473 0.153 18.041 0.062 7.482 0.120
6282 01 55 19.907  0.148 4.228 0.161 17736  0.103 5.554 0.151
6229 01 53 16.806  0.062 1.116 0.011 13.927 0.153 1.042 0.020
6075 09 56 17.225 0.163 1.575 0.044 n.a. n.a. n.a. n.a.
03 o1 17.871  0.083 1.905 0.027
6198 05 54 21.954  0.089 10.704 0.267 19.167  0.110 9.008 0.274
6047 04 52 19.821 0.101 3.966 0.082 18.492  0.110 6.440 0.194
03 55 19.769  0.097 3.718 0.081
6477 06 52 19.540 0.042 3.511 0.034 16.969  0.053 3.056 0.035

LHS-AXVIVO HHL A0 SHILHAdOdd 'T'S
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Table 5.3: (continued) Effective surface brightness and ef-
fective radii obtained by applying the :PSF-Fitting pro-
cedure and fitting the resulting surface brightness pro-
files.

WKK*  obs. field! WFICCD! g, oSy Te R rgflgj Me Ks Tou Te Ks® rgff<5§

ident. [mag] [mag] [arcsec] [arcsec] [mag] [mag] [arcsec] [arcsec]

6473 18 55 17.567 0.153 1.523 0.043 16.241  0.129 2.645 0.066

6233 01 52 18.701  0.070 2.238 0.031 16.242  0.081 2.205 0.037
01 % 19.668  0.027 3.193 0.019
01 53 19.639  0.046 3.058 0.032

6615 06 57 21.601  0.045 7.944 0.104 17.034 0.112 2.642 0.066
15 50 23.396  0.069 18.716 0.426

6620 06 57 18.896 0.270 2.375 0.119 14239  0.423 1.078 0.060
16 54 19.423  0.237 2.726 0.130

*Taken from Woudt (1998).

tAs defined by Dr. Woudt (priv. comm.).

!Extracted from the FITS header.

SStated as semi-major axis length.
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Table 5.4: Magnitudes and colours obtained by applying
the iPSF-Fitting procedure. For these magnitudes, all
except the extinction correction of the photometric cor-
rections described in Section 4.9 on page 116 have been
applied. The data in the table below are sorted and dis-
brightness, as derived by means
of the iPSF-Fitting procedure (cf. Table 5.9 on page 147).

played according to K

corr
520

133

WKK* obs. field! WFICCD* Reas  Rigo® Ke2o  (Re — Kg)xew0d
ident. [mag] [mag] [mag] [ mag ]
6269 01 52 11.343 11.403 8.280 3.123

01 55 11.481 11.487 3.207
6318 01 51 11.928 12.003 8.842 3.161
6204 01 54 12.506 12.446 9.223 3.223
6116 03 56 12790  12.854 9.727 3.127
5987 03 53 13.033 13.003 9.816 3.188
11 50 13.064 13.275 3.460
6019 04 53 13.090 13.122 9.882 3.239
04 52 12.868 12.966 3.083
5972 03 53 12.902 13.002 9.896 3.106
11 50 13.014  13.092 3.196
5920 11 51 13.172 13.196 10.005 3.190
6360 01 57 13.063 13.125 10.113 3.013
01 56 13.141 13.168 3.056
6600 07 50 13.550 13.561  10.256 3.305
6183 03 57 13.189 13.222  10.325 2.897
01 53 13.382 13.390 3.065
6180 04 50 13.186 13.354 10.429 2.926
01 54 13.283 13.398 2.970
6250 01 55 13.696 13.715 10.521 3.193
6679 16 52 13.558 13.633 10.718 2.915
6221 02 54 13.925 13.887 10.770 3.117
6242 01 52 13.991  13.965 10.826 3.139
01 55 14141  14.120 3.294
6431 06 53 13.803 13.847 10.843 3.004
6383 01 50 14107 14.057 10.895 3.162
6342 01 56 14.079 14.070 10.940 3.131




134 CHAPTER 5. RESULTS
Table 5.4: (continued) Magnitudes and colours obtained
by applying the iPSF-Fitting procedure.

WKK* obs. field! WFICCD!  Ress  Reyo® Ks2o  (Re — Kg)Fe208
ident. [mag] [mag] [mag] [ mag |
6012 04 54 14.144 14113 11.019 3.094
6235 05 52 13.746 13.836 11.063 2.774

05 53 13.999 14.033 2.971
01 55 13.958 14.030 2.968
6555 06 51 14.204 14199 11.084 3.115
6282 01 55 14.369 14.369 11.178 3.191
6229 01 53 14.718 14.713  11.551 3.162
6075 09 56 14.882 n.a. n.a. n.a.
03 51 14.975 n.a. n.a.
6198 05 54 14599 14.647 11774 2.873
6047 04 52 14.693 14.708 11.797 2.912
03 55 14.805 14.810 3.014
6477 06 52 14571 14.615 11.808 2.808
6473 18 55 14.958 14921 11.809 3.112
6233 01 52 14.800 14.823 11.815 3.008
01 54 14.975 14.993 3.178
01 53 15.020 15.017 3.202
6615 06 57 14.691 14.806 12.100 2.705
15 50 14.845 14.942 2.841
6620 06 57 15.799 15.834 12.932 2.902
16 54 15.943  15.977 3.045

*Taken from Woudt (1998).
tAs defined by Dr. Woudt (priv. comm.).
Extracted from the FITS header.

$See Section 4.8 on page 114.
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Table 5.5: Corrected integrated magnitudes and colours
for the circular apertures obtained with the phot task.
The average was used if more than one measurement was
available from the R band data analysis. For these mag-
nitudes, all except the extinction correction of the pho-
tometric corrections described in Section 4.9 on page 116
have been applied. The data in the table below are sorted
and displayed according to K§" brightness, as derived
by means of the iPSF-Fitting procedure (cf. Table 5.9 on
page 147).

WKK* Rri:gc Krﬁ" (Rc - Ks ) r(l::fc T

ident. [mag] [mag] [ mag ]
6269 12.295 9.079 3.216
6318 12.816 9.512 3.304
6204 12.927 9.718 3.209
6116 13.179 9.886 3.294
5987 13.319 10.113 3.206
6019  13.150 10.010 3.140
5972 13.285 10.071 3.213
5920  13.449 10.217 3.233
6360 13.242  10.152 3.090
6600 13.653 10.377 3.276
6183 13.509  10.490 3.020
6180 13.666  10.483 3.183
6250 13.742  10.541 3.200
6679 13.616  10.695 2.920
6221 13.949  10.906 3.043
6242 14.025 10.785 3.240
6431 13.817 10.740 3.077
6383 14.118  11.042 3.076
6342 14.042 10.965 3.077

6012  14.142 10.901 3.241
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Table 5.5: (continued) Corrected integrated magnitudes

and colours for the circular apertures obtained with the

phot task.

WKK* R  Kare (R — Kt
ident. [mag] [mag] [ mag |
6235 14.187 11.000 3.186
6555 14.212 10.994 3.217
6282  14.308 11.248 3.060
6229 14.635 11.564 3.071
6075  14.718 n.a. n.a.
6198  14.574 11.726 2.848
6047  14.599 11.584 3.015
6477 14491 11.811 2.680
6473  14.874 11.879 2.995
6233 14.820 11.778 3.042
6615 14.665 11.843 2.822
6620  15.627 12.942 2.685

*Taken from Woudt (1998).
tSee Section 4.8 on page 114.
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Table 5.6: Corrected integrated magnitudes and colours
for the effective K, band radius r. ks obtained by apply-
ing the {PSF-Fitting procedure. For these magnitudes,
all except the extinction correction of the photometric
corrections described in Section 4.9 on page 116 have
been applied. The data in the table below are sorted
and displayed according to K¢ brightness, as derived
by means of the iPSF-Fitting procedure (cf. Table 5.9 on
page 147).

Ks
e 8

WKK* obs. field.! WFICCD} R, Keyx (Re—Ko)F

ident. [mag] [mag] [ mag |
6269 01 52 11.737 8.629 3.108
01 55 11.897 3.268
6318 01 51 12.342 9.108 3.234
6204 01 54 12.659 9.444 3.215
6116 03 56 13.622  10.289 3.333
5987 03 53 13.223  10.052 3.172
11 50 13.241 3.190
6019 04 53 13.967 10.543 3.423
04 52 13.767 3.223
5972 03 53 13.629  10.395 3.234
11 50 13.714 3.319
5920 11 51 13.662 10.399 3.262
6360 01 57 13.919 10.719 3.201
01 56 13.950 3.232
6600 07 50 13.824  10.475 3.349
6183 03 57 13.845 10.895 2.950
01 53 14.021 3.126
6180 04 50 13.816  10.790 3.027
01 54 13.849 3.060
6250 01 55 13.838  10.620 3.217
6679 16 52 14125  11.236 2.889
6221 02 54 13.790  10.679 3.111
6242 01 52 14299 11.131 3.168
01 55 14.475 3.344

6431 06 53 14.399 11.321 3.078
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Table 5.6: (continued) Corrected integrated magnitudes

and colours for the effective K; band radius re k.

WKK* obs. field! WFICCD? Ry, Krx (Re—Kg)e's
ident. [mag] [mag] [ mag ]
6383 01 50 14.348 11.194 3.154
6342 01 56 14.689  11.477 3.213
6012 04 54 14.300 11.163 3.137
6235 05 52 14.416 11.524 2.893
05 53 14.595 3.072
01 55 14.594 3.071
6555 06 51 14.662 11.481 3.181
6282 01 55 14.761  11.503 3.258
6229 01 53 16.493 13.115 3.378
6075 09 56 n.a. n.a. n.a.
03 51 n.a. n.a.
6198 05 54 14.843  11.967 2.876
6047 04 52 15.014 12.123 2.892
03 55 15.147 3.025
6477 06 52 15.3564  12.466 2.889
6473 18 55 15.715  12.609 3.106
6233 01 52 15.717  12.561 3.156
01 54 15.922 3.361
01 53 15.888 3.327
6615 06 57 16.579  12.801 2.777
15 50 15.701 2.899
6620 06 57 18.184  15.248 2.936
16 54 17.982 2.734

*Taken from Woudt (1998).
tAs defined by Dr. Woudt (priv. comm.).
'Extracted from the FITS header.

$See Section 4.8 on page 114.



Table 5.7 The GALFIT software was used to derive var-
ious parameters, some of which are shown here. These
data would be useful for further analysis, e.g. for deter-
mining a Fundamental Plane. However, this additional
analysis is not part of this dissertation and the data is
only shown for reasons of completeness. The photometric
corrections described in Section 4.9 on page 116 have not
yet been applied. The data in the table below are sorted
and displayed according to K% brightness, as derived
by means of the iPSF-Fitting procedure (cf. Table 5.9 on
page 147).

WKK* obs. field.! WFICCD? Rfeta! rgﬁ‘g‘FIT Sersic index ngpe  Kiotal ISQSFIT Seérsic index ng ks
ident. [mag] [arcsec] [mag] [ arcsec ]
6269 01 52 10.81 42.89 4.32 8.21 18.65 3.19
01 55 11.11 35.93 4.04
6318 01 51 11.51 33.69 3.07 8.51 22.16 2.98
6204 01 94 11.82 36.98 7.59 8.97 18.13 6.53
6116 03 56 12.01 32.66 6.61 9.07 17.19 6.44
5987 03 53 12.63 14.41 4.54 8.75 43.57 6.43
11 50 12.65 14.32 4.59
6019 04 53 12.78 13.62 3.83 9.32 15.92 5.77
04 52 12.65 11.44 3.60
5972 03 53 12.43 20.79 5.10 9.27 18.14 5.73
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Table 5.7: (continued) Various parameters derived with

the GALFIT software. No photometric corrections have

been applied yet.

WKK* obs. field! WFICCD! R rSAUFTT  Sersic index ngre K% rSRIFIT  Sérsic index ng ks
ident. [ mag] [arcsec] [ mag] [ arcsec]
11 50 12.54 20.12 5.03
5920 11 51 12.43 27.72 6.20 9.07 30.44 6.98
6360 01 57 12.92 6.88 3.76 9.75 7.05 5.18
01 56 12.96 6.75 3.92
6600 07 50 13.28 8.42 4.73 9.93 7.61 6.23
6183 03 57 12.83 11.85 5.04 9.90 11.03 5.07
01 53 12.95 13.14 5.15
6180 04 50 12.46 28.07 5.32 9.78 15.28 4.75
01 54 12.64 22.40 4.96
6250 01 85 13.43 9.30 4.32 10.15 8.83 4.63
6679 16 52 13.20 9.12 4.92 10.11 11.84 5.89
6221 02 54 13.66 10.37 2.27 10.15 15.85 3.17
6242 01 52 13.90 4.07 2.99 10.66 3.90 4.18
01 55 14.11 3.80 2.30
6431 06 53 13.50 7.04 5.13 10.36 8.51 6.77
6383 01 50 13.94 6.89 2.61 10.66 7.73 2.81
6342 01 56 13.96 4.25 3.03 10.75 4.01 3.92
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Table 5.7: (continued) Various parameters derived with

the GALFIT software. No photometric corrections have

been applied yet.

WKK* obs. field.! WFICCD? Rt rgﬁfFIT Sersic index ns g,  Kfota! rgf(‘g‘FIT Sersic index n; ks
ident. [mag] [arcsec] [mag] [arcsec]
6012 04 54 13.91 6.52 4.19 10.85 5.05 3.97
6235 05 52 13.40 9.93 3.69 10.23 16.97 5.60
05 53 13.56 10.20 3.79
01 55 13.60 9.54 3.69
6555 06 51 13.87 8.40 4.41 10.44 13.06 6.46
6282 01 55 14.12 5.10 4.50 10.79 5.79 743
6229 01 53 14.72 241 1.84 11.50 2.24 2.35
6075 09 56 14.75 3.84 2.87
03 51 14.84 3.86 2.72
6198 05 54 14.20 8.62 3.02 11.17 10.24 3.68
6047 04 52 14.48 5.29 2.96 11.44 5.72 4.03
03 55 14.51 6.16 3.33
6477 06 52 14.35 4.55 3.41 11.39 5.35 4.42
6473 18 55 14.84 3.24 3.10 11.29 6.99 6.34
6233 01 52 14.56 4.18 4.31 11.48 3.90 6.26
01 54 14.82 3.67 3.32
01 53 14.79 3.80 4.24
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Table 5.7: (continued) Various parameters derived with
the GALFIT software. No photometric corrections have
been applied yet.

WKK*  obs. field! WFICCD! R®©®  rSAUFIT  Sersic index ngpe K2 rSRUFIT  Sérsic index ng s

ident. [mag] [arcsec] [mag] [arcsec]

6615 06 57 14.21 7.57 4.94 11.30 9.81 7.63
15 50 14.26 8.75 5.91

6620 06 57 15.63 4.84 1.76 12.84 3.95 1.39
16 54 15.78 4.49 1.73

474!

*Taken from Woudt (1998).
tAs defined by Dr. Woudt (priv. comm.).
‘Extracted from the FITS header.
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Table 5.8: Derived ellipticities and position angles for

the galaxy sample.

The data in the table below are

sorted and displayed according to photometrically cor-
rected K35 brightness, as derived by means of the i{PSF-
Fitting procedure (cf. Table 5.9 on page 147).

WKK* obs. field.! WFICCD? ellip. R} ellip. K¢ P.A RS PA K& gal typet
ident. [°] [°] class.
6269 01 # 52 0.20 0.20 -50 ~50 E2 (cD)

01 # 55 0.20 —50 E2 (cD)
6318 01 # 51 0.25 0.25 —~40 -30 E3
6204 01 # 54 0.30 0.20 70 60 SO
6116 03 # 56 0.05 0.05 40 30 E0
5987 03 # 53 0.05 0.05 45 70 EO
11 # 50 0.05 60 EQ
6019 04 # 53 0.35 0.30 -50 ~50 SO
04 # 52 0.50 ~50 SO
5972 03 # 53 0.30 0.30 45 45 E3
11 # 50 0.30 45 E3
5920 11 # 51 0.10 0.15 0 5 E1l
6360 01 # 57 0.20 0.20 —-10 -10 E2
01 # 56 0.20 -10 E2
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Table 5.8: (continued) Derived ellipticities and position

angles for the galaxy sample.

WKK* obs. field.! WFICCD! ellip. R} ellip. K& PA. RS PA KS gal typel
ident. [°] [°] class.
6600 07 # 50 0.20 0.05 —60 0 E1
6183 03 # 57 0.15 0.20 40 30 E2

01 # 53 0.15 40 E2
6180 04 # 50 0.10 0.05 ~70 —70 EO
01 # 54 0.05 —80 E0
6250 01 # 55 0.55 0.35 25 30 SO
6679 16 # 52 0.10 0.10 —40 —~50 E1
6221 02 # 54 0.20 0.20 —60 —50 E2
6242 01 # 52 0.40 0.30 —60 —~60 SO
01 # 55 0.30 —60 SO
6431 06 # 53 0.25 0.20 30 30 E2
6383 01 # 50 0.40 0.35 70 70 E4
6342 01 # 56 0.25 0.15 —20 20 E2
6012 04 # 54 0.20 0.20 10 10 SO
6235 05 # 52 0.10 0.10 —-20 ~10 E1l
01 # 55 0.10 —~20 E1l
05 # 53 0.10 —~20 F1
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Table 5.8: (continued) Derived ellipticities and position

angles for the galaxy sample.

WKK* obs. field.! WFI CCD? ellip. R ellip. K¢ P.A. RS PA.K gal type?
ident. [°] [°] class.
6555 06 # 51 0.35 0.10 -20 -20 SO
6282 01 # 55 0.10 0.10 0 40 El
6229 01 # 53 0.15 0.15 -20 —20 E2
6075 09 # 56 0.40 n.a. —80 n.a. SO

03 # 51 0.40 -80 SO
6198 05 # 54 0.05 0.05 80 90 EO0
6047 04 # 52 0.15 0.10 -70 —-50 E1
03 # 55 0.15 —60 El
6477 06 # 52 0.10 0.10 —60 -70 El
6473 18 # 55 0.40 0.40 —50 —50 SO
6233 01 # 52 0.25 0.20 —50 —50 E3
01 # 54 0.25 ~50 E3
01 # 53 0.25 —50 E3
6615 06 # 57 0.05 0.10 —-20 —60 E0
15 # 50 0.05 —-50 EO
6620 06 # 57 0.55 0.50 30 30 SO
16 # 54 0.55 30 SO
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*Taken from Woudt (1998).

T As defined by Dr. Woudt (priv. comm.).

*Extracted from the FITS header.

SExtracted from the plots as shown in Part I of this dissertation. Only a rough value could be estimated, since the ellipticities as well
as the position angle parameters were often kept variable during the isophote fitting. For instance, deriving the values was often based
on sections where the position angle stayed roughly constant when observed radially outward. Furthermore, the numbers given here for
the position angles were adjusted to a coordinate system where 0° would point northwards and 90° points to the east (i.e. increasing
counter-clockwise) and the semi-major axis would be the pointer. Compare also with the images given for each galaxy in Part II of
this dissertation, where northwards and westwards are at the top and the right side, respectively. This adjustment was necessary,
because orientation of the images was only adopted to the same coordinate system after the isophote fitting had been conducted already.
Furthermore, for the plotting, the angles were sometimes rotated by 180°.

YDetermined from the stated ellipticities and by visually inspecting each galaxy.

14!
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5.1. PROPERTIES OF THE GALAXY-SET

Table 5.9: Photometrically corrected magnitudes as de-
rived by means of the iPSF-Fitting procedure. For these
magnitudes, the photometric corrections described in
Section 4.9 on page 116 have been applied. The ex-
tinction correction was taken from Schlegel et al. (1998)
and the k and evolutionary corrections from Poggianti
(1997). The data are sorted and displayed according to
K4 brightness.

147

WKK* obs. field! WFICCD! R®F R9TS K3y Row Y Keord

ident. [mag] [mag] [mag] [mag] [mag]

6269 01 52 10.822  10.882 8.208 11.216 8.557
01 55 10.960  10.966 11.376

6318 01 51 11.327 11.402 8.759 11.741 9.025

6204 01 54 11.933 11.873 9.144 12.086 9.365

6116 03 56 12,209 12.273 9.647 13.041 10.209

5987 03 53 12.362  12.332 9.724 12.552 9.960
11 50 12.393 12.604 12.570

6019 04 53 12.500 12.532 9.801 13.377 10.462
04 52 12.278  12.376 13.177

5972 03 53 12.219 12.319 9.802 12.946 10.301
11 50 12.331 12,409 13.031

5920 11 51 12.413 12.437 9.901 12.903 10.295

6360 01 57 12.522 12.584 10.039 13.378 10.645
01 56 12.600 12.627 13.409

6600 07 50 12.973 12.984 10.177 13.247  10.396

6183 03 57 12.6566 12.688 10.252 13.311  10.822
01 53 12.848  12.856 13.487

6180 04 50 12.618 12.786 10.351 13.248 10.712
01 54 12.715  12.830 13.281

6250 01 55 13.127 13.146  10.443 13.269  10.542

6679 16 52 12.922 12997 10.631 13.489 11.149

6221 02 54 13.354 13.316 10.692 13.219 10.601

6242 01 52 13.461 13435 10.763 13.769  11.058
01 55 13.611  13.590 13.945

6431 06 53 13.164 13.208 10.7565 13.760  11.233

6383 01 50 13.512  13.462 10.813 13.753 11.112




148 CHAPTER 5. RESULTS

Table 5.9: (continued) Photometrically corrected magni-
tudes as derived by means of the iPSF-Fitting procedure.

WKK* obs. field! WFICCD* Rgy Rer§  Kegr  Reem 1 Keor 9

Ks20 o, Ks Te,Ke
ident. [mag] [mag] [mag] [mag] [mag]
6342 01 56 13.549 13.540 10.867 14.159  11.404
6012 04 54 13.444 13.413 10.923 13.600 11.067
6235 05 52 13.150 13.240 10.981 13.820 11.442

05 53 13.403  13.437 13.999
01 55 13.362 13.434 13.998
6555 06 51 13.624 13.619 11.004 14.082 11.401
6282 01 55 13.845 13.845 11.106 14.237 11.431
6229 01 53 14176  14.171  11.477 15951  13.041
6075 09 56 14.255 n.a. n.a. n.a. n.a.
03 51 14.348 n.a. n.a.
6198 05 54 14.116 14.164 11.708 14.360 11.901
6047 04 52 14103 14118 11.716 14.424  12.042
03 55 14.215  14.220 14.557
6477 06 52 13.942 13986 11.722 14.725 12.380
6473 18 55 14.379 14.342 11.730 15.136  12.530
6233 01 52 14.266 14.289 11.742 15.183  12.488
01 54 14.441  14.459 15.388
01 53 14.486  14.483 15.354
6615 06 57 14176  14.291 12,029 15.064 12.730
15 50 14.330  14.427 15.186
6620 06 57 15.265 15.300 12.859 17.650 15.175
16 54 15.409 15.443 17.448

*Taken from Woudt (1998).

tAs defined by Dr. Woudt (priv. comm.).
*Extracted from the FITS header.

§See Section 4.8 on page 114.

YSee Section 4.6 on page 110.
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5.2 Galactic Colour Excess

The observation of cluster galaxies in more than one waveband not only
provides information about the galaxy, but also about the environment in
which the galaxy resides, and even about the observation itself. The colour,
i.e. the difference in brightness or intensity of two observations in different
wavebands, can be used to measure the absorption of intermediate matter
that obscures some of the light coming from the galaxy. Since this is an effect
that varies with the energy of the emitted photons, the different intensities
measured in two wavebands can offer insight into the amount of foreground
matter. The difference of the measured fluxes of two similar objects, with
one being obscured by intervening matter, is called the colour excess and is
often referred to as reddening, since in general the absorption and scattering
of light is stronger for shorter wavelengths.

Measuring different intensities for different wavebands can also offer in-
sight about the kind of matter that may lie in the line of sight, e.g. by looking
at absorption and emission lines. This is one of the main applications of spec-
tra, i.e. observations over a broad waveband, so to say, rather than a narrow
observation through a filter. These filters are especially designed to be only
transparent to a particular kind of light, usually within a short range of pho-
ton energy. In this dissertation, the Cousins R, band in the optical and the
K, band filter in the near infrared were used.

One can, however, only deduce correct information about the interven-
ing matter if the emitted spectral energy distribution is known, at least for
the photon energies that one intends to analyse. This is not a trivial task,
not even for elliptical galaxies. The appearance of early-type galaxies can
generally be modelled easily by representing them with a series of elliptical
isophotes. Thus, establishing the amount of light received from an early-type
galaxy in a particular waveband can be relatively effortless. In the case of spi-
ral or irregular galaxies, this is much harder. There are, however, difficulties
in determining how much light may be obscured by foreground matter.

The easiest way around this appears to be by looking at a set of elliptical
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Figure 5.1: A view of the part of the Galaxy behind which the Great Attrac-
tor is suspected to lie. Clearly visible in the foreground is the band of stars,
dust and gas that obscures the extragalactic sky. The investigated area is
indicated by the arrow. The Galactic centre would be further to the left,
just outside the borders of the image. This optical composite image was pro-
vided by Dr. Mellinger (see hitp://home.arcor-online.de/azel. mellinger/ and
Mellinger (2000)). The width of this image corresponds to about 70 degrees.

galaxies for which one assumes little or no intervening matter in the line of
sight. Although it is not known what the amount of intergalactic extinction
may be, which is caused by potentially existing intergalactic matter, it is
generally assumed that one can find these galaxies, when looking at the part
of the visible sky that lies far away from the Galactic Plane. Thus, a possible
source for these galaxies could be the Coma cluster.

Nevertheless, another difficulty arises when looking at a series of early-
type galaxies. The galaxies evolve, and they do this not only with time, and
therefore with distance, but also depending on their size and the environment
they inhabit (Sparkle and Gallagher, 2000). One can apply photometric

corrections to account for the development of the galaxy over time, e.g. by
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Galactic latitude versus longitude
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Figure 5.2: A DIRBE/IRAS dust contour plot of the Norma cluster region.
The plot shows a similar part of the sky as Figure 5.1 on page 150. The
shown contours are for the colour excess E(R. — K;) of 0.4, 0.7, 1.4, 2.1 and
4.1 magnitudes, from brighter to darker lines, respectively. The rectangle
indicates the size of the contour plot shown in Figure 5.3 on page 152. The

positions of the investigated galaxies are indicated.

assuming a particular composition of stars (cf. Section 4.9 on page 116).
However, the change of (R. — K;) colours with size and environment, e.g. in
the case of central rich cluster member or an outlying field galaxy, is not yet

well known and needs some further analyses (Haines et al., 2006).

To further complicate things, elliptical galaxies often tend to show colour
gradients, when the surface brightness profile is observed radially outwards.
The centres are usually redder than the outer parts (Tamura and Ohta,
2004). This effect becomes more prominent for observations in the longer

wavelengths, as is the case for this study. The reason for the existence of this
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Galactic latitude versus longitude
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Figure 5.3: A DIRBE/IRAS dust contour plot of the Norma cluster region.
The shown contours are for the colour excess E(R, — Kj) of 0.5, 0.6, 0.7, 0.8
and 0.9 magnitudes, from brighter to darker lines, respectively. The positions
of the investigated galaxies are indicated. Compare also with Figure 5.2 on
page 151 and the galaxy position plots of the final galaxy set as shown in
Figure 2.1 on page 33 in Section 2.1.

gradient is still much debated, but the general consensus seems to be that
it is caused by metallicity effects. It is further found that these gradients
are dependent on the size of the galaxy (Tamura and Ohta, 2004) and they
seem to be less steep for galaxies found in denser regions, like rich galaxy
clusters, which is probably due the more frequently occurring galaxy mergers
(Barbera et al., 2005). The colour gradient also complicates things, as proper
comparisons between different data sets can only be made for similar ranges

in radii for which the intensities have been determined.

In this section, the data from the Norma cluster are compared with
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the data from the Coma cluster, which was generously made available by
Dr. Lucey!. The tabulated data can be found in Appendix A.8 in Table A.10
on page 233. The photometrically corrected data, according to the cor-
rections outlined in Section 4.9 on page 116, can be found in Table A.11
on page 241. More details about this data will be published elsewhere
(Dr. Lucey, priv. comm.). The here chosen (R, — Kj;) colours are ideally
suited to determining the colour excess, since they are largely independent
of the shape of the assumed extinction curve. Magnitudes for the Coma
cluster were obtained with a fixed circular aperture with a radius of 10 arc-
sec, unlike the magnitudes originally obtained in this dissertation by means
of elliptical apertures and varying radii. The resulting deviations in colours
can be seen in Figures 5.4 and 5.5 on pages 155 and 156, respectively. The
slope of the (R, — Kj) colours versus velocity dispersion og deviates slightly
for the different data sets. Despite these deviations, the data could be used
to estimate the Galactic foreground extinction. Nevertheless, circular aper-
ture photometry was obtained subsequently, as described in Section 4.3 on
page 95. The comparison of this data with the Coma data can be seen in
Figure 5.6 on page 157.

Two functions were fitted to each data set, using the Gnuplot implemen-
tation of the nonlinear least-squares Marquardt-Levenberg algorithm. Note
that errors in the abscissae were not taken into account, as they were an
order of magnitude smaller than the corresponding errors in the ordinate.
The fitted functions are

g(log(ao)) = a-log(oo) + b (5.1)

and
h(log(og)) = c. (5.2)

The fitted g(log(op)) functions are indicated in the plots. For the fitting

parameters a, b and ¢, the resulting values are given in Table 5.10 on page 158.

1Department of Physics, University of Durham, United Kingdom,
see http://www.dur. ac.uk/john. lucey/
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All obtained colours given in the table are for the Norma cluster, except
where stated. For the fitting, the Norma cluster data was averaged over the
two or three values that were obtained for some galaxies from the different
WFI-CCDs (cf. Section 4.4 on page 95). Similarly, multiple measurements
for the Coma, cluster galaxies were averaged (cf. Appendix A.8, Tables A.10
and A.11 on pages 233 and 241, respectively).

For the Norma cluster, two fits of Equation 5.2 were conducted. The first
was done for the Norma cluster corrected according to the DIRBE/IRAS
extinction maps, as derived by Schlegel et al. (1998), and the second one
was done without applying the correction. A comparison of these con-
stant fits for Norma and Coma gives a first estimate of the colour excess.
Comparing the colours from Coma cluster with the ones obtained when
applying the extinction corrected Norma cluster, results in mean offsets of
—0.011 4 0.028 mag, —0.066 £ 0.032 mag and —0.011 £ 0.031 mag when the
(Re — K)™s20, the (R, — K)*" and the (R — K,)'4° colours are subtracted
from the (R — Ks)r‘iiorc colours from the Coma data, respectively. This seems
to suggests a slight underestimation of the extinction in the DIRBE/IRAS
dust maps.

To get a more meaningful comparison, however, four fits of Equation 5.1
were obtained for each set of data. The first two involved fitting both pa-
rameters a and b, and the second two involved keeping the slope a fixed to
the value obtained for the Coma cluster, i.e. a = 0.536 mag/dex. For each
of these two sets, one fit was obtained with regard to the data corrected
according to the DIRBE/IRAS extinction maps, and the other fit was done
without applying this correction. This linear fitting enables one to compare
the data sets more accurately than does the constant fit with Equation 5.2,

due to the connection of galaxy colours with galaxy size.
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colour versus velocity dispersion
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Figure 5.4: The (R. — K,)™®2 (top) and the (R, — K;)*" (bottom) colours
are plotted versus the central velocity dispersion gg. A dependency of colour
with respect to central velocity dispersion, i.e. galaxy size, can be observed.
The dashed lines indicate the fits of the data with Equation 5.1 and the
solid lines refer to the fit of Equation 5.1 with constant slope a = 0.536,
as derived for the Coma cluster data (generously provided by Dr. Lucey).
The dotted lines show how the Coma cluster data fit Equation 5.1, using
a circular aperture radius of 10 arcsec. See text and Table 5.10 for more

detailed information.
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colour versus velocity dispersion
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Figure 5.5: Similar plot as Figure 5.4, but with the colours corrected for
the Galactic extinction as determined by the DIRBE/IRAS dust maps
(Schlegel et al., 1998). The (R, — K;)™s2 — (Ag. — Aks) (top) and the
(Re — Ks)‘é( " — (Arc — Aks) (bottom) colours are plotted versus the central
velocity dispersion . The dashed lines indicate the fits of the data with
Equation 5.1. The solid lines refer to the fit of Equation 5.1 with constant
slope a = 0.536, as derived for the Coma cluster data (generously provided
by Dr. Lucey). The dotted lines show how the Coma cluster data fit Equa-
tion 5.1, using a circular aperture radius of 10 arcsec, which is not necessarily
comparable to the other two fits. See text and Table 5.10 for more detailed

information.
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colour versus velocity dispersion
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Figure 5.6: The (R, — K;)"4° (top) and the (R, — K, )" 4" — (Ap. — Aks) (bot-
tom) colours are plotted versus the central velocity dispersion oy for circular
aperture photometry, using a aperture radius of 14 arcsec. A dependency
of colour with respect to central velocity dispersion, i.e. galaxy size, can be
observed. The dashed lines indicate the fits of the data with Equation 5.1.
The solid lines refer to the fit of Equation 5.1 with constant slope a = 0.536,
as derived for the Coma cluster data (generously provided by Dr. Lucey).
The dotted lines show how the Coma cluster data fit Equation 5.1, using
a circular aperture radius of 10 arcsec. See text and Table 5.10 for more

detailed information.



Table 5.10: Results from fitting of the colour versus the
velocity dispersion oq for the different colours obtained
for the Norma and the Coma cluster. The fitted functions
are given in Equations 5.1 and 5.2 on page 153 using the
fitting parameters a, b and ¢. Numbers in brackets were
kept fixed during the fit. Here, og, is the derived root
mean square of the residuals. Ag. and Ags were taken
from Schlegel et al. (1998). The number of galaxies used
for the fitting are 31 for the Norma cluster and 73 for the
Coma cluster.

fitted a b c Ohit Ogt
colour [mag/dex] [mag] [mag] g(log(oo)) h(log(oo))
(Re — K)o 0.408+0.121 2.164+0.273 3.084+0.025  0.118 0.137
(Re — K)™®s20 — (Age — Ags) 0.3874+0.123 1.708+0.279 2.581+0.025  0.121 0.137
(R — Kg)Txs20 (0.536)  1.875:+0.021 0.119

(Re — Ko )50 — (A, — Ags)  (0.536)  1.37240.022 0.122

(Re — Kg)e 0.600+0.120 1.788+:0.271 314040028  0.117 0.157
(Re ~ Ko)* " — (Apec — Aks)  0.579+0.126 1.331+0.286 2.636+0.029  0.124 0.160
(Re — Ko< (0.536)  1.930+ 0.021 0.116

(Re — Kg)=" — (ARe — Aks) (0.536) 1.427 + 0.022 0.122
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Table 5.10: (continued) Results from fitting of the colour
versus the velocity dispersion o for the different colours
obtained for the Norma and the Coma cluster.

fitted a b c Ofit O
colour [mag/dex] [mag] [mag] g(log(oo)) h(log{oe))
(Re — Kq)'id° 0.630+0.124 1.664+£0.281 3.084+0.029  0.121 0.164
(Re — Ko — (AR — Aks) 0609 £0.116 1.207+0.263 2.581+0.028  0.114 0.156
(Re — K )ie° (0.536) 1.875 £ 0.022 0.121

(Re — Ko)T4° — (Age — Aks) (0.536) 1.371 4+ 0.020 0.113

(Re — Ko)H0 0.536 £0.063 1.427+0.134 2570+0013  0.080 0.114
(R — Ko)6° (0.536)  1.42740.009 0.080
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The obtained offsets b for variable slopes a from Equation 5.1 on page 153
are —0.281 = 0.310 mag, 0.096 £ 0.316 mag and 0.220 & 0.295 mag for the
(Re — K)™s20 | the (Re — K,)* and the (R, — K,)* 4" colours, respectively.
The values scatter around zero and agree within the relatively large er-
rors. However, with a fixed slope of a = 0.536 mag/dex, as obtained for the
Coma data, the offsets are found to be 0.055 & 0.024 mag, 0.000 + 0.024 mag
and 0.056 & 0.022mag for the (R, — K)™0, the (R.—K,)™" and the
(Re — Ks)‘ﬂrc colours, respectively. In general, the circular aperture data
is considered to be the most reliable for this comparison, as they were de-
termined in a similar manner to the Coma cluster data. Therefore, a slight
overestimation of the Galactic extinction by the use of the DIRBE/IRAS

dust maps seems evident.

This result is supported by similar research that was conducted elsewhere
(Arce and Goodman, 1999; Dutra et al., 2002; Nagayama et al., 2004). Arce
and Goodman (1999), for instance, used four different methods to study the
extinction towards the Taurus dark cloud complex. Their results suggest
that the DIRBE/IRAS dust maps overestimate the reddening by a factor
of 1.3 to 1.5 for regions with E(B — V) > 0.15 (Av > 0.5mag). The Norma
cluster lies in a region of E(B — V) > 0.2 and the here measured average
overestimation is by a factor of about 1.13 & 0.09 (using the circular aper-
ture colours). Similarly, Nagayama et al. (2004) were using J — K, colours of
foreground giant stars to determine their extinction Aks, which they then ex-
trapolated throughout the Galaxy. They found an overestimation of 0.4 mag
of the Ak, extinction by the DIRBE/IRAS dust maps, compared to their
findings. Though, they did this study for a region at a Galactic latitude of
b = 1.73° i.e. for much higher extinction than what can be found in the
Norma cluster region. Having said that, a previous attempt at determining
the extinction in the Norma cluster region by Woudt (1998), using (B; — R,)
colours and Mg, spectral indices, found that the DIRBE/IRAS dust maps
underestimate the Galactic reddening. Woudt (1998) was looking at a much
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larger area of the sky, using a 18 early-type galaxies. His data? suggests
that the DIRBE/IRAS dust maps are by 0.04 & 0.04 mag too low. However,
due to the expected fluctuations in the foreground extinction, the data ob-
tained here seems more reliable for the comparably smaller area that was
investigated. This is furthermore the case, because the here used (R, — Kj)
colours are not particularly sensitive to the assumed extinction law, contrary
to the (B; — R.) colours used by Woudt (1998). Thus, the found overestima-
tion of the Galactic reddening by the DIRBE/IRAS dust maps is most likely
authentic.

However, one should note that the R, is very broad and the reddening law
used by Schlegel et al. (1998) and in this dissertation is founded upon broad-
band photometry (Cardelli et al., 1989). Now, Bessel (1990) has stated that
the effective wavelength shifts significantly with spectral type and Fitzpatrick
(1999) has indicated that the R, band is where monochromatic and broad-
band reddening laws differ significantly, primarily because of the sensiﬁivity
of the band to effective wavelength shifts. Furthermore, the ratio of total to
selective extinction used by Schlegel et al. (1998) for elliptical galaxies is too
high (Dr. McCall, priv. comm.). In general, research on extinction with the
DIRBE/IRAS dust maps heavily relies on the reddening law and the ratio
on total to selective extinction that were assumed and differences can emerge
by making different choices in this regard.

In addition to this, studies of stars in the Milky Way, such as the one of
Nagayama et al. (2004), are most likely underestimating reddening toward
galaxies. This is because stars usually can’t be observed far enough out.
Thus any colour excess measured this way ends up being a lower limit only
(Dr. McCall, priv. comm.).

For the (R. — Ks)™s2° and the (R, — Ks)rff * colours, another effect may
be visible. It can be seen in Table 5.10, that the standard deviation og; of
the fitting residuals has slightly increased for the Norma cluster data after

the extinction correction has been applied. Although this increase seems not

2See Table 4.5 in Woudt (1998).
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significant, it may be an indication for a variation of foreground extinction
on smaller scales compared to the DIRBE/IRAS dust maps.

In view of these findings, Equation 5.1 was used in connection with the
values for a and b that were determined from the Coma cluster data. The
colour excess E(R. — K;) = Ag. — Ak, and the extinction corrected colours
(Re — Kg)o = (Re — Ko)'H4° — (Ag, — Aks) were calculated for all 31 galaxies
in the set and are shown in Table 5.11 on page 164. However, the slope of the
relation found for the Coma cluster is slightly different to the one found for
the Norma cluster, though the difference is not very large and well within the
errors. Also, the slope determined for the Norma cluster is very dependent on
a few galaxies at low and high velocity dispersion og. Nevertheless, it could
cause small deviations of the colours obtained here, compared to the real
colours. If found verifiable, the difference in the slope is most likely caused
by the different environment in which the galaxies evolve (Barbera et al.,
2005). For the circular aperture data, a larger slope was obtained for the
Norma cluster than for the Coma cluster. This would indicate a less dense
environment, i.e. that the Coma cluster may be higher in richness than the
Norma cluster.

In Figure 5.7 on page 163, the here obtained colour excess E(R. — Kj) is
compared to the colour excess obtained from the DIRBE/IRAS dust maps.
The mentioned overestimation of the reddening can clearly be seen. More-
over, one can make out a patchiness in the distribution of galaxies. This is
probably due to the low spatial resolution of the DIRBE/IRAS dust maps,
compared to the actual size of fluctuations in the foreground matter. For a
few galaxies, like WKK 6477 and WKK 6679, a strong deviation from the
mean can be seen. These galaxies all lie in the WFI observing fields 06 and
16 (compare with Figure 2.4 on page 41). Assuming the correctness of these
observations, it can be deduced that in this area, about one degree southeast
of the adopted centre of the Norma cluster, the reddening seems much lower
than suggested by the DIRBE/IRAS dust maps.
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colour excess E(R —K,) versus (Ap.—Ag)spiepe
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Figure 5.7: The (R, — Ks)rggc minus the fitted Equation 5.1 for the Coma
data (generously provided by Dr. Lucey) is plotted in the top panel versus
(ARc — Aks) from Schlegel et al. (1998). The differences between the colour
excess E(R. — K;) determined here and the (Ar, — Aks) from Schlegel et al.
(1998) versus the (Agrc — Aks) from Schlegel et al. (1998) is shown in the

bottom panel. See text for more detailed information.
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Table 5.11: The colour excess and the extinction cor-
rected integrated magnitudes and colours for the circular
aperture photometry. The average was used if more than
one measurement was available from the R, band data
analysis. For these magnitudes, all except the extinc-
tion correction of the photometric corrections described
in Section 4.9 on page 116 have been applied. Subse-
quently the extinction correction obtained from external
Coma data was applied, resulting in the colour excess and
colour for each galaxy. The data are sorted and displayed
according to K5 brightness, as derived by means of the
iPSF-Fitting procedure (cf. Table 5.9 on page 147).

WKK* ER:-K;) (Rc— K)o

ident. [ mag | [ mag |
6269 0.404 2.812
6318 0.612 2.692
6204 0.436 2.773
6116 0.599 2.695
5987 0.554 2.652
6019 0.409 2.731
5972 0.495 2.718
5920 0.563 2.669
6360 0.327 2.764
6600 0.598 2.678
6183 0.316 2.704
6180 0.508 2.675
6250 0.517 2.683
6679 0.318 2.602
6221 0.531 2.512

6242 0.500 2.740
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Table 5.11: (continued) The colour excess and the ex-
tinction corrected integrated magnitudes and colours for
the circular aperture photometry.

WKK* E(R.—Ki) (Rc—K,)o

ident. [ mag | [ mag |
6431 0.425 2.652
6383 0.459 2.617
6342 0.378 2.699
6012 0.645 2.596
6235 0.609 2.577
6555 0.604 2.614
6282 0.405 2.654
6229 0.456 2.614
6075 n.a. n.a.

6198 0.397 2.451
6047 0.523 2.492
6477 0.121 2.559
6473 0.468 2.528
6233 0.410 2.632
6615 0.274 2.548
6620 0.289 2.397

*Taken from Woudt (1998).
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Chapter 6
Discussion and Conclusion

This chapter discusses the findings of this study. An overview of
the results is given and these are put into perspective and related
to ongoing research. Furthermore, recommendations are given with
regard to the practical and theoretical steps that can be taken when
conducting future research in response to the outcome of this dis-

sertation, with specific reference to the Norma cluster.

Analysing the Norma cluster region is certainly one of the most interesting
subjects in the study of large-scale dynamics of galaxies. This region of the
local universe is particularly interesting, because it is considered to lie close to
the position of the Great Attractor, with the Norma cluster possibly playing
a central role in this structure. The massive Norma cluster is most likely
part of a much larger overdensity of galaxies, called the Norma Supercluster.
Thus, investigating this part of the sky can offer important insights into the
nearby large-scale structures in the universe. It will also hint at the possible
upper limit of the sizes of large-scale structures, and is therefore important
in developing cosmological models. Furthermore, the nearby position of the
cluster — closer to the Milky Way than the rich Coma cluster — makes it an
ideal candidate for studying galaxies in a dense cluster environment.

Studying the Norma cluster is especially interesting because of something

that is generally considered a disadvantage; its position close to the Galactic
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Plane forces the observer to take the foreground Milky Way into account.
The observations of extragalactic objects behind our Galaxy are affected by
the gas and dust in the foreground. This causes the light of the observed
galaxies in the Norma cluster to be dimmed considerably. Thus, locating
and analysing these galaxies is more complicated than would be the case
for galaxy clusters at latitudes far away from the Milky Way. Similarly, the
large number of stars that are often seen in front of a galaxy substantially
influences the determination of surface brightness profiles. Both of these
effects can make it impossible to determine the brightness and spectral energy
distribution of a galaxy. One can partly overcome the effect of the extinction
by conducting observations at longer wavelengths. However, this introduces a
selection effect towards early-type galaxies, since the amount of light emitted
in these wavebands is far less for the other galaxy types. Additionally, the
heavy star-crowding becomes a limiting factor for observations very close to
the Galactic Plane.

In this study, both above mentioned effects were investigated by looking
at galaxies in the Norma cluster region. A series of different methods on how
to derive accurate galaxy luminosities were developed and investigated to
account particularly for the heavy star crowding (cf. Chapter 3 on page 47).
Three different and often applied procedures were redefined, and the results
obtained with each method were then compared. The first approach is based
on the k-sigma-clipping, as implemented in the IRAF ellipse software pack-
age. A second attempt rests on applying a pixel-mask for the parts of an
image that could influence the galaxy brightness profile. The last technique
simulates the stars in the image by means of point spread functions to there-
after subtract these artificial stars from the original. The methods were called

o-Clipping, Star-Masking and iPSF-F'itting, respectively.

It was found that the o-Clipping method is biased towards brighter mag-
nitudes. This is expected, as this mechanism only clips out intensities sev-
eral sigma higher than the average intensity of an isophote. Thus, the low-

intensity wings of the point spread function of stars can influence the results.
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In contrast, the Star-Masking method appears to offer quite reasonable re-
sults. However, the best results were obtained when applying the iPSF-
Fitting method. The disadvantage of this method is, admittedly, the large
effort that is involved in obtaining reasonable results, compared to the other
two procedures. It is therefore recommended that the Star-Masking proce-
dure could be used when much data has to be analysed in a limited amount
of time. Nevertheless, this technique will certainly become increasingly im-
precise the more parts of the galaxies will be masked out, for example, for
very high numbers of foreground stars, as would be the case in a band of a
few degrees of latitude, centred on the Milky Way. In such a case, and if
very accurate photometry is needed, the iPSF-Fitting method seems to be
more appropriate. Another situation could be the analysis of images where
galaxies lie close together or even partly in front of each other. Determining
reasonable values for properties such as the brightness of these galaxies can
still be achieved, when using the iPSF-Fitting method (cf. Appendix A.4 on
page 213).

The extinction in the central area of the Norma cluster was furthermore
investigated (cf. Section 5.2 on page 149), and the analysis for the wavebands
used in this dissertation (R, and K;) was found to be nontrivial. Accurate
determination of (R, — K;) colours depends on series of conditions applied to
the data. Hence, a comparison with external data is difficult. The obtained
results seem to suggest that the extinction maps by Schlegel et al. (1998) are
reasonably good for the central Norma cluster area, except for a slight overes-
timation of the Galactic reddening of about a factor of 1.13+0.09. Although
this result may have been influenced by incompatible parameters when com-
paring data from different sources, like the radius for which the colours are
determined, the overestimation seems nevertheless probable. Moreover, this
result is in agreement with the research conducted elsewhere. Assuming
the correctness of these maps for this part of the sky is not indisputable,
since the DIRBE/TRAS dust maps were calibrated with data far away from

the Galactic Plane. An overestimation of the extinction in these maps for
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lower latitudes has been suggested before. Furthermore, due to the rela-
tively low resolution compared to the patchiness of the dust and gas layer,
the DIRBE/IRAS dust maps are considered to be accurate only when one

looks at a large enough area in the sky.

The colour gradients across the radial profiles of the galaxies were con-
firmed, too, generally showing that galaxies tend to be redder in their centres.
This is presumably an effect due to rising metallicities towards the centre of
the galaxies, indicating different star populations. Dust and gas in the galaxy
might also contribute to the observed effect. Another confirmed finding is
that larger elliptical galaxies tend to be redder than smaller ones. Again, the
exact relation is dependent on the defined set of parameters, but the trend

is nevertheless notable.

The Norma cluster and its nearby large-scale structures are being closely
investigated nowadays. The research of this area has a series of objectives.
One is the creation of a ‘complete’ galaxy catalogue in several different wave-
bands and thus the ability to derive the luminosity function of the cluster for
each of these bands. Moreover, the study of colour gradients for sets of clus-
ter galaxies, but also for individual galaxies would be an interesting field of
study, especially since the Norma cluster is a relatively close and rich cluster.
However, an appropriate treatment of the foreground stars, as described in
this study, is essential to obtain satisfying results. Another important goal
is a redshift independent estimation of the distance of the Norma cluster.
As an initial basis for such an estimate, the effective magnitudes and radii,
and total magnitudes that were obtained in this dissertation could be used
(cf. Sections 4.6 and 4.7 on pages 110 and 113, respectively, and Tables 5.3
and 5.7 on pages 129 and 139, respectively. Further studies in this direction

could be founded on the results obtained earlier in this dissertation.

The most imminent steps from here are to automate the developed Star-
Masking and iPSF-Fitting techniques as far as possible. Although much
input is required from the user, some parts of the workflow could be combined

into IRAF scripts. This seems especially important for the iPSF-Fitting
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method. Furthermore, one should attempt to build an extended version of
tPSF-Fitting, which could allow for the subtraction of stars in an image,
thereby revealing the objects that were hidden behind the stars. Software
like SEztractor could then be used to identify and catalogue these objects
Bertin and Arnouts (1996). Another task that it is worth looking into, is
to determine the Fundamental Plane of the Norma cluster. As mentioned
before, the effective radii and magnitudes for about 30 galaxies have already
been computed in this dissertation. Consequently, deriving a Fundamental
Plane in the R and K, bands is a small step from here. Finally, the complete
Norma cluster region should be investigated more closely. In fact, this is very
much in the works at the moment, e.g. by collecting more information about
the numbers, positions and redshift distances of the galaxies in this region,

which is soon to be published in an extended galaxy catalogue.
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Appendix A

Tables, Plots and Images

A.1 Data Set Tables

WKK Remark WKK Remark WKK Remark
5703 No o24r® 6080 No oagr 6512 No o94F
5727 No o2gF 6146 No oodp 6575 No ogr
5742 No oagr 6190 No o24F 6580 No o94r
5764 No oo4r 6201 No oygr 6586 No oagr
5798 No oa4r 6212 No o94r 6724 No oggr
5836 No o2gr 6252 No R. band® | 6765 No oogr
5868 No o34r 6298 No oogF 6772 No ogF
5919 No oagr 6305 2 galaxies® 6808 No oagr
5974 No ooqr 6312 No oaqr 6821 No oagF
5975 No Kg band® | 6313 No o9gr 6870 No oa4r
5986 No o2gF 6329 No o24r

%For this galaxy, no velocity dispersion was available from the 2dF-survey.
®The R, band exposures were badly combined, Section 2.4 on page 39.
°Two elliptical galaxies on top of each other.

9The K, band exposure shows a non-elliptical galaxy.

Table A.1: Excluded early-type galaxies from the initial galaxy set.
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Table A.2: Collected information for the final galaxy set.

WKK* R.AT Dec.t gal. It gal b By*  gal. type*
ident. [hms] [°""] [°] [°] [mag]  class.
5920 16 07 52.68 —60 31 12.6 324.913 -6.329 149 E/SO
5972 16 09 16.07 —60 31 50.8 325.032 —6.453 14.8 E
5987 16 09 36.97 —6027 20.7 325.115 -6.427 15.2 E
6012 16 1012.15 —6116 01.0 324.610 —-7.069 158 E/SO
6019 16 1017.09 —6057 32.3 324.830 —6.851 15.1 E/SO
6047 16 1058.93 —605524.9 324916 —-6.883 16.6 E/SO
6075 16 11 32.69 —6024 159 325.325 —6.553  16.7 E/SO
6116 16 1211.55 —6046 59.9 325.121 —6.882 14.6 E
6180 16 13 32.14 —610022.6 325.085 —7.157 152 E/SO
6183 16 1332.94 —604923.6 325.214 -7.026 156 E
6198 16 1353.04 —613809.5 324675 -7.639 16.1 E
6204 16 1356.20 —610041.1 325.117 -7.194 149 L
6221 16 14 02.87 —6029 40.8 325.488 —6.831 15.6 E/SO
6229 16 141042 -605101.1 325.250 —7.098 16.6 E
6233 16 14 18.05 —6053 26.0 325234 -7.138 17.1 E
6235 16 14 22.62 —6108 38.0 325.063 —7.326 15.6 E
6242 16 14 30.54 —6053 46.0 325248 —7.159 164 E/SO
6250 16 14 45.23 —61 01 50.6 325.175 -—7.277 15.7 L
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Table A.2: (continued) Collected information for final

galaxy set.

WKK* RA. Dec. gal. It gal. bt Bjy*  gal. type*
ident. [hms] [e""] [°] [°] [mag] class.
6269 16 1503.85 —60 54 26.1 325.280 -7.214 135 cD
6282 16 15 15.43 —6056 15.3 325.285 —7.252 15.9 E
6318 16 1550.16 —604811.0 325430 -7.205 132 E
6342 16 16 1893 —605723.6 325.364 -7.355 16.3 E/S0
6360 16 16 36.97 —610245.6 325.327 —-7445 153 E
6383 16 1700.36 —605224.5 325483 -7.355 159 L
6431 16175730 —-6055229 325.531 -—-7.471 15.7 E/SO
6473 16 1841.39 —6017 37.8 326.042 -7.088 17.0 E
6477 16 18 48.60 —61 0447.8 325493 -—7.656 16.5 E
6555 16 20 15.08 —610044.9 325.666 —7.731 16.3 E/SO
6600 16 21 06.13 —60 37 08.5 326.022 -7.529 15.1 E/S0
6615 16 21 26.83 —61 24 425 325481 -—-8.114 169 E/SO
6620 16 21 26.87 —61 11 06.2 325.645 -7.956 17.3 E/SO
6679 16 22 34.86 -—610213.9 325.848 -7.950 159 E

*Taken from Woudt (1998).

tTaken from the NASA/IPAC Extragalactic Database (NED); http://nedwww.ipac.caltech.edu/.
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Table A.3: An overview of the data extracted from the
optical observations related to the galaxy set described
in Section 2.1 on page 31. The number of each observa-
tion field was defined by Dr. Woudt (priv. comm.) while
the CCD number and the observing date were extracted
from the FITS file header. The exposure time and air-
mass stated were calculated from FITS header informa-
tion, and the FWHM was obtained with the IRAF task
imexamine. For each galaxy, the sky brightness u;fcy was
calculated as described in Section 4.1 on page 86. For
observation fields that included more than one object,
the calculated mean of the determined sky brightness is

shown in the table.

WKK* obs. field! WFICCD* obs. date?  exp. time! airmasst FWHM! FWHM! oy, Tl
ident. [s] [pixel]  [arcsec] [counts] [mag/arcsec?]
5920 11 # 51 18 May 1999 179.9188 1.3423 3.80 0.904 8.0 20.143
5972 03 # 53 18 May 1999 179.9189 1.3020 3.25 0.773 9.5 20.497

11 # 50 18 May 1999 179.9188 1.3423 3.73 0.888 8.7 20.143
5987 03 # 53 18 May 1999 179.9189 1.3020 3.27 0.778 7.0 20.497
11 # 50 18 May 1999  179.9188 1.3423 3.82 0.909 8.2 20.143
6012 04 # 54 18 May 1999 179.9116 1.2605 3.38 0.804 8.2 20.588
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Table A.3: (continued) Observations with the WFI.

WKK* obs. field! WFICCD!  obs. datet  exp. time! airmasst FWHMS FWHMS o8 Toal
ident. [s] [pixel]  [arcsec] [counts] [mag/arcsec?]
6019 04 #52 18 May 1999 179.9116 12605  3.28 0.781 10.6 20.588

04 #53 18 May 1999 179.9116 1.2605  3.36 0.800 10.3 20.588
6047 03 #55 18 May 1999 179.9189 13020  4.01 0.954 9.7 20.497
04 #52  18May 1999 1799116 12605  3.33 0.793 7.3 20.588
6075 03 # 51 18 May 1999  179.9189  1.3020  3.50 0.833 13.2 20.497
09 #56 18 May 1999 179.9187  1.7350  4.44 1.057 10.5 20,014
6116 03 #56 18 May 1999 179.9191 15335  3.35 0.797 6.1 20.497
6180 01 #54 18 May 1999 179.9191 15335  3.07 0.731 8.7 20.311
04 #50 18 May 1999 179.9116 1.2605  3.30 0.785 7.2 20.588
6183 01 #53  18May 1999 1799191 15335  3.23 0.769 7.2 20.311
03 #57 18 May 1999 179.9189 13020  3.41 0.812 8.1 20.497
6198 05 #54 18 May 1999 179.9188 1.2394  3.55 0.845 6.9 20.642
6204 01 #54 18 May 1999 179.9191  1.5335  2.99 0.690 6.6 20.311
6221 02 #54  18May 1999 1799189  1.1721  3.22 0.766 6.7 20.610
6229 01 #53 18 May 1999 179.9191 15335  3.17 0.754 8.8 20.311
6233 01 #52 18 May 1999 179.9191  1.5335  3.26 0.776 11.8 20.311
01 #53 18 May 1999 179.9191  1.5335  3.19 0.759 11.3 20.311
01 #54 18 May 1999 179.9191  1.5335  3.92 0.933 14.5 20.311
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Table A.3: (continued) Observations with the WFL

WKK* obs. field.! WFI CCD!  obs. date!  exp. time! airmasss FWHMS FWHMS O'bg§ u;l;""
ident. [s] [pixel]  [arcsec] [counts] [mag/arcsec?]
6235 01 # 55 18 May 1999 179.9191 1.56335 3.26 0.776 114 20.311

05 # 52 18 May 1999  179.9188 1.2394 3.36 0.800 12.5 20.642
05 # 53 18 May 1999  179.9188 1.2394 3.33 0.793 10.5 20.642
6242 01 # 52 18 May 1999 179.9191 1.5335 3.33 0.793 12.0 20.311
01 # 55 18 May 1999 179.9191 1.5335 3.90 0.928 12.7 20.311
6250 01 # 55 18 May 1999 179.9191 1.5335 2.96 0.704 6.9 20.311
6269 01 # 52 18 May 1999 179.9191 1.5335 3.55 0.845 10.4 20.311
01 # 55 18 May 1999 179.9191 1.5335 4.14 0.985 9.7 20.311
6282 01 # 55 18 May 1999 179.9191 1.5335 3.28 0.781 8.5 20.311
6318 01 # 51 18 May 1999 179.9191  1.5335 3.06 0.728 8.7 20.311
6342 01 # 52 18 May 1999 179.9191 1.5335 3.33 0.793 12.0 20.311
01 # 56 18 May 1999 179.9191  1.5335 3.36 0.800 7.4 20.311
6360 01 # 56 18 May 1999 179.9191  1.5335 3.03 0.721 9.2 20.311
01 # 57 18 May 1999 179.9191  1.5335 3.14 0.747 9.8 20.311
6383 01 # 50 18 May 1999 179.9191 1.5335 3.53 0.840 8.4 20.311
6431 06 # 53 18 May 1999 179.9188  1.2169 3.90 0.928 6.4 20.661
6473 18 # 55 19 May 1999  179.9187 1.1772 4.11 0.978 6.6 20.605
6477 06 # 52 18 May 1999 179.9188 1.2169 3.43 0.816 6.2 20.661
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Table A.3: (continued) Observations with the WFI.

WKK* obs. field! WFICCD! obs. date?!  exp. time! airmasst FWHM! FWHMS oy, Tal
ident. [s] [pixel]  [arcsec] [counts] [mag/arcsec?]
6555 06 # 51 18 May 1999  179.9188  1.2169  3.41 0.812 6.6 20.661
6600 07 # 50 18 May 1999 179.9188  1.1887  3.10 0.738 6.5 20,657
6615 06 #57 18 May 1999 179.9188 12169  4.38 1.042 10.0 20.661

15 # 50 19 May 1999  179.9188  1.2431 3.48 0.828 7.0 20.558
6620 06 # 57 18 May 1999  179.9188 12169  3.58 0.852 6.0 20.661
16 # 54 19 May 1999 179.9187  1.1948  3.39 0.807 6.1 20.589
6679 16 # 52 19 May 1999  179.9187  1.1948 3.36 0.800 6.8 20.589

SHTHVL LdS VIVd 'T'V

*Taken from Woudt (1998).

tAs defined by Dr. Woudt (priv. comm.).

tExtracted and calculated from the FITS header.

SExtracted in pixels with the IRAF task imexamine.

YDerived from the data, see Section 4.1 on page 86. For observation fields that included more than one object, the calculated mean is

shown.
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Table A.4: An overview of the data extracted from the near
infrared observations related to the galaxy set described in
Section 2.1 on page 31. The observing date was extracted
from the FITS file header. The total exposure time is 300
seconds for each combined image and the airmass stated was
calculated from FITS header information. The FWHM was
obtained with the IRAF task imexamine. For each galaxy,
the sky brightness u%cg was calculated as described in Sec-
tion 4.1 on page 86.

WKK*  obs. date!  airmass' FWHM! FWHM! ot Tdl
ident. [pixel] [arcsec] [counts] [mag/arcsec?]
5920 11 June 2000  1.229 3.25 0.943 6.7 12.895
5972 10 June 2000  1.322 3.66 1.061 7.9 12.838
5987 11 June 2000  1.213 3.37 0.977 7.4 12.879
6012 10 June 2000  1.281 3.73 1.082 6.4 12.902
6019 11 June 2000  1.205 3.30 0.957 6.7 12.851
6047 10 June 2000 1.254 3.46 1.003 6.4 12.910
6116 10 June 2000  1.233 3.71 1.076 4.5 12.934
6180 10 June 2000  1.219 3.89 1.128 5.9 12.893
6183 11 June 2000 1.178 3.22 0.934 6.5 12.840
6198 11 June 2000 1.195 3.56 1.032 7.2 12.845
6204 10 June 2000 1.178 2.54 0.737 6.3 13.026
6221 10 June 2000 1.178 3.65 1.059 4.2 13.018
6229 11 June 2000  1.222 2.90 0.841 5.3 12.893
6233 11 June 2000  1.817 3.38 0.980 6.7 12.571
6235 10 June 2000 1.195 3.77 1.073 6.3 13.020
6242 10 June 2000  1.230 3.47 1.006 5.6 12.959
6250 11 June 2000  1.277 3.26 0.945 5.7 12.816
6269 10 June 2000  1.250 3.77 1.073 6.2 12.920
6282 11 June 2000  1.306 3.21 0.931 7.0 12.791
6318 11 June 2000  1.369 3.10 0.899 5.8 12.768
6342 10 June 2000 1.331 3.58 1.038 5.5 12.887
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Table A.4: (continued) Observations with SOFI.

WKK*  obs. date!  airmasst FWHM! FWHM! ot gl
ident. [pixel] [arcsec] [counts] [mag/arcsec?]
6360 11 June 2000 1.447 3.71 1.076 6.3 12.762
6383 11 June 2000 1.495 3.25 0.943 5.6 12.723
6431 10 June 2000 1.362 3.97 1.151 6.1 12.854
6473 11 June 2000 1.548 3.43 0.995 7.0 12.703
6477 10 June 2000 1.401 4.08 1.183 5.8 12.835
6555 10 June 2000 1.446 3.48 1.009 7.0 12.797
6600 10 June 2000 1.818 4.97 1.441 9.1 12.543
6615 11 June 2000 2.379 4.39 1.273 7.7 12.295
6620 11 June 2000 1.976 3.61 1.047 7.9 12.486
6679 10 June 2000 1.905 4.75 1.378 7.9 12.533

*Taken from Woudt (1998).

tExtracted from the FITS header.

tExtracted with the IRAF task imexamine.

$Derived from the data, see Section 4.1 on page 86.
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Table A.5: (continued) Data obtained with 2dF.

WKK* vpa' (cz) vEZt ool ot
ident. [km/s] [km/s] [km/s] [km/s]
6600 5042 14.3 215.2 6.6
6615 4170 13.8 122.9 6.5
6620 6250 8.7 64.2 10.9
6679 4642 16.5 155.0 5.5

*Taken from Woudt (1998).

"From Dr. Lucey (priv. comm.).

A.2 R, Standard Star Solution Plots

This section contains plots for the WFI-CCDs #52 to #57, showing the
residuals (function — fit) from the standard star solution described in Section

2.5 on page 41. The plots for the WFI-CCDs #50 and #051 can be found on
page 45.
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Figure A.1: Residuals (function — fit) from the R. standard star solution
for the WFI CCDs #52 and #53 as described in Section 2.5 on page 41.
The residuals are shown for different standard star brightness, airmass at
time of observation, colour of the standard star and observation time. The
slight shift that can be seen for each day is due to the data being fitted for
each night, while for the resulting function the coefficients c,; and c,3 were

averaged over all days, as described in Section 2.5 on page 41.
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Figure A.2: Residuals (function — fit) from the R, standard star solution
for the WFI CCDs #54 and #55 as described in Section 2.5 on page 41.
The residuals are shown for different standard star brightness, airmass at
time of observation, colour of the standard star and observation time. The
slight shift that can be seen for each day is due to the data being fitted for
each night, while for the resulting function the coefficients c;; and c.3 were

averaged over all days, as described in Section 2.5 on page 41.
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Wide Field Imager CCD #56

Wide Field Imager CCD #57
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Figure A.3: Residuals (function — fit) from the R, standard star solution
for the WFI CCDs #56 and #57 as described in Section 2.5 on page 41.
The residuals are shown for different standard star brightness, airmass at
time of observation, colour of the standard star and observation time. The
slight shift that can be seen for each day is due to the data being fitted for

each night, while for the resulting function the coefficients c;; and c,3 were

averaged over all days, as described in Section 2.5 on page 41.
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A.3 Background-Fitting Plots

The background-fitting results mentioned in Section 4.1 on page 86 are shown
in this section. The outer parts of the galaxy profiles are shown as well as
the two functions that fitted the profile best.
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Figure A.4: Galaxies WKK 5920 and WKK 5972, WFTI background-fits as
described in Section 4.1 on page 86.
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Figure A.5: Galaxies WKK 5987 and WKK 6075, WFI background-fits as
described in Section 4.1 on page 86.
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Figure A.6: Galaxies WKK 6075 and WKK 6221, WFI background-fits as
described in Section 4.1 on page 86.
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Figure A.7: Galaxies WKK 6235 and WKK 6242, WFI background-fits as
described in Section 4.1 on page 86.
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Figure A.8:

described in Section 4.1 on page 86.

Galaxies WKK 6269 and WKK 6282, WFI background-fits as
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Figure A.9: Galaxies WKK 6342 and WKK 6360, WFI background-fits as
described in Section 4.1 on page 86.
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Figure A.10: Galaxies WKK 6431 and WKK 6473, WFI background-fits as
described in Section 4.1 on page 86.
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Figure A.11: Galaxies WKK 6477 and WKK 6555, WFI background-fits as
described in Section 4.1 on page 86.
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Figure A.12: Galaxies WKK 6600 and WKK 6615, WFI background-fits as
described in Section 4.1 on page 86.
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Figure A.13: Galaxy WKK 6620, WFI background-fits as described in Sec-
tion 4.1 on page 86.
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Figure A.14: Galaxy WKK 6679, WFI background-fit as described in Sec-
tion 4.1 on page 86.
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A.4 WKK 6305a and 6305b

The iPSF-Fitting analysis of the two galaxies WKK 6305a and 6305b is
not finished yet. However, the images in this section give a brief outlook
on the capabilities of the developed iPSF-Fitting procedure. Although both
galaxies basically lie on top of each other, it was possible to derive models for
each of the two galaxies. The two models were subtracted in an alternating
interactive manner to obtain good models for both galaxies. The results of
this effort is not shown in this dissertation, since the analysis is not finished

yet (cf. Section 6 on page 170).
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Figure A.15: The absolute worst case that was processed so far was an image
with two elliptical galaxies (WKK 6305a, 6305b) on top of each other. On
the left, the original R, image and the model of the larger galaxy WKK 6305a
on the right.
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Figure A.16: The two galaxy models were subtracted in an alternating inter-
active manner to obtain good models for both galaxies. The results of this
effort is not shown in this dissertation, since the analysis is not finished yet.
On the left, the model of the smaller galaxy WKK 6305b and the final image
with stars and both galaxies subtracted on the right.
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A.5 Star-Masking and PSF-Fitting Plots

This section contains the SM plots of the ellipticity and position angle of the
galaxies as well as their isophotal and integrated magnitudes. These plots
resulted from applying the masking and PSF-fitting data reduction methods
as described in sections 3.3 and 3.2 on pages 62 and 53, respectively. The
reader is referred to Part II of this dissertation for comparison with the results
obtained with the o-clipping and improved PSF-fitting methods described in
sections 3.1 and 3.4 on pages 49 and 65, respectively. Note that in most of
these plots shown here, the surface brightness seems to level off for large radii
and the integrated brightness doesn’t reach an asymptote. This seems to be
a result of the rather bad background determination that was described in

Section 4.1 on page 86.
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Figure A.17: Galaxy WKK 5920, ellipticity and position angle as well as
isophotal and integrated magnitude plots using the masking data reduction

method as described in Section 3.3 on page 62.
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Figure A.18: As Figure A.17 on page 215, but now for galaxy WKK 5972.
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Figure A.20: As Figure A.17 on page 215, but now for galaxy WKK 6075.
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: As Figure A.17 on page 215, but now for galaxy WKK 6221.
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Figure A.22

: As Figure A.17 on page 215, but now for galaxy WKK 6235.
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Figure A.23: As Figure A.17 on page 215, but now for galaxy WKK 6242.
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Figure A.24: As Figure A.17 on page 215, but now for galaxy WKK 6269.
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Figure A.25: As Figure A.17 on page 215, but now for galaxy WKK 6282.
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Figure A.26: As Figure A.17 on page 215, but now for galaxy WKK 6342.
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Figure A.27: As Figure A.17 on page 215,
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Figure A.28: As Figure A.17 on page 215, but now for galaxy WKK 6431.
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Figure A.29: As Figure A.17 on page 215, but now for galaxy WKK 6473.
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Figure A.30: As Figure A.17 on page 215, but now for galaxy WKK 6477.
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Figure A.31: As Figure A.17 on page 215, but now for galaxy WKK 6555.
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Figure A.32: As Figure A.17 on page 215, but now for galaxy WKK 6600.
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Figure A.33: As Figure A.17 on page 215, but now for galaxy WKK 6600.

‘masking' WKK88-8615 R, 15 50

—_

~—r—

T

T 18 ]
Py ]
S 20 I
E ]
{2 ]
L 1
§ v
5 reg ¥ 1“”
3 —— e o s

-
15

B

integrated R, magnitude [mag]
a X

'masking’ WKK9B-6615 R, 16 50

MRS AR

L

1

I I N

2
semi-major axis [arczect/t]

»
-1

semi-major axis [arcsec'/+}

Figure A.34: As Figure A.17 on page 215, but now for galaxy WKK 6615.
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Figure A.35: As Figure A.17 on page 215, but now for galaxy WKK 6620.
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A.6 Results from the PSF-Fitting and Star-

Masking procedures

The results mentioned in this section are only mentioned for completeness.
They are used only for a comparison of the different methods used to separate
the galaxies from the foreground starfield. No further analysis was applied
to this data. See Chapter 3 on page 47 and part 1II of this dissertation for
more information on the different procedures. The main results from the o-
Clipping and iPSF-Fitting used for the analysis are presented in Section 5.1
on page 121.

As mentioned earlier, the data from the PSF-Fitting and Star-Masking
procedures were incomplete due to an unfortunate data loss that occurred.
The remaining data for the Star-Masking are shown in Table A.6 on page 227.
Only one set of results is available for the PSF-Fitting method. This one set
is shown in Table A.7 on page 228.

Table A.6: Magnitudes and radii from applying the Star-
Masking procedure. For these magnitudes, the photo-
metric corrections described in Section 4.9 on page 116
have not been applied. The data are sorted and displayed
according to photometrically corrected KS3¢" brightness,
as derived with the iPSF-Fitting procedure (cf. Table 5.9
on page 147).

WKK* obs. field! WFI CCD¥ Reos IRe23}

ident. [ mag] [arcsec]
6269 01 # 55 11.234 88.021
5987 11 # 50 13.285 25.995
5972 11 # 50 13.085 33.178
5920 11 # 51 13.233 30.085
6360 01 # 56 13.270 22.461
6600 07 # 50 13.624 19411

6679 16 # 52 13.853 18.467
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Table A.6: (continued) Magnitudes and radii from apply-
ing the Star-Masking procedure.

WKK* obs. field.! WFICCD! Reos TRe23’

ident. [mag] [ arcsec]
6221 02 # 54 14.084 21.368
6242 01 # 52 14.259 14.459
6431 06 # 53 13.934 18.467
6342 01 # 56 14.281 13.789
6235 01 # 55 14.130 18.467
6555 06 # 51 14.538 16.749
6282 01 # 55 14.452 13.115
6075 09 # 56 15.228 10.289
6075 03 # 51 15.271 8.895
6477 06 # 52 14.820 11.338
6473 18 # 55 15.032 9.793
6615 15 # 50 14.852 12.492
6620 06 # 57 15.990 10.289
6620 16 # 54 16.045 9.793

*Taken from Woudt (1998).
tAs defined by Dr. Woudt (priv. comm.).
tExtracted from the FITS header.

$Stated as semi-major axis length

Table A.7: Magnitudes and radii from applying the PSF-
Fitting procedure. For these magnitudes, the photomet-
ric corrections described in Section 4.9 on page 116 have
not been applied yet.

WKK* obs. field.! WFICCD! Reos TRe23}
ident. [ mag] [ arcsec]
6600 07 # 50 13.610  19.411
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*Taken from Woudt (1998).
tAs defined by Dr. Woudt (priv. comm.).
}Extracted from the FITS header.

SStated as semi-major axis length
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A.7 Tabulated External Data for Compari-

son

Table A.8: Magnitudes and radii from 2MASS. The data
were taken from the NASA /IPAC FEztragalactic Database
(NED), in which the extinction corrections given are cal-

culated according to the method described in the Ap-
pendix of Schlegel et al. (1998). The data are sorted and

corr

displayed according to photometrically corrected K5

brightness, as derived with the iPSF-Fitting procedure

(cf. Table 5.9 on page 147).

WKK*  Kaao Kg5% TKs20
ident. [mag] [mag] [ arcsec]
6269 8.339 0.026 55.0
6318 8.612  0.036 55.4
6204 9.512 0.034 32.7
6116 9.638 0.040 29.9
5987 n.a. n.a. n.a.
6019 9.782 0.034 32.0
5972 9.854 0.041 27.8
5920 9964 0.045 25.9
6360 10.079  0.037 22.7
6600 10.297  0.044 20.8
6183 10.366  0.049 20.1
6180 10.352  0.055 21.7
6250 10.604  0.045 19.1
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Table A.8: (continued) Magnitudes and radii from
2MASS.

WKK*  Kgoo 30 T'Ks20
ident. [mag) [mag] [arcsec]
6679  10.649 0.067 19.2
6221  10.887 0.071 22.3
6242 n.a. n.a. n.a.
6431 10.963  0.045 12.1
6383  11.002  0.062 17.9
6342  10.819 0.045 15.1
6012 11.162 0.060 13.8
6235 11.101 0.073 15.8
6555  11.072  0.062 18.4
6282 11.164  0.056 12.2
6229  11.641 0.051 7.6
6075 11.841 0.071 10.0
6198  11.853  0.082 10.7
6047  12.126  0.100 11.3

6477  12.027  0.068 8.5
6473  12.063 0.065 8.4
6233 11.978  0.067 7.9
6615 12.308 0.076 9.6
6620 13.046  0.099 6.4

*Taken from Woudt (1998).
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Table A.9: Extinction and colour excess from Schlegel

et al. (1998). The data were taken from the NASA /IPAC
FEztragalactic Database (NED) and are sorted and dis-
played according to photometrically corrected K5
brightness, as derived with the iPSF-Fitting procedure

(cf. Table 5.9 on page 147).

WKK* EB-V) Agp AR Aks  (Arc — Aks)

ident. [mag] |[mag] [mag] [mag] [ mag |
6269 0.195 0.842 0.521 0.072 0.449
6318 0.225 0.971 0.601 0.083 0.518
6204 0.214 0.924 0.573 0.079 0.494
6116 0.217 0.938 0.581 0.080 0.501
5987 0.251 1.083 0.671 0.092 0.579
6019 0.221 0.953 0.590 0.081 0.509
5972 0.255 1.102 0.683 0.094 0.589
5920 0.284 1.226 0.759 0.104 0.655
6360 0.202 0.873 0.541 0.074 0.467
6600 0.216 0.932 0.577 0.079 0.498
6183 0.200 0.861 0.534 0.073 0.461
6180 0.212 0.916 0.568 0.078 0.490
6250 0.213 0.919 0.569 0.078 0.491
6679 0.238 1.027 0.636 0.087 0.549
6221 0.214 0.922 0.571 0.078 0.493
6242 0.198 0.856 0.530 0.073 0.457
6431 0.239 1.032 0.639 0.088 0.551
6383 0.223 0.961 0.595 0.082 0.513
6342 0.198 0.855 0.530 0.073 0.457
6012 0.262 1.130 0.700 0.096 0.604
6235 0.223 0.962 0.596 0.082 0.514
6555 0.217 0.937  0.580 0.080 0.500
6282 0.196 0.846 0.524 0.072 0.452

6229 0.203 0.874 0.542 0.074 0.468
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Table A.9: (continued) Extinction and colour excess from
Schlegel et al. (1998).

WKK* E(B-V) Ap ARc Aks  (ARc — Aks)

ident. [mag] [mag] [mag] [mag] [ mag ]
6075 0.234 1.012 0.627 0.086 0.541
6198 0.181 0.779 0.483 0.066 0.417
6047 0.221 0.953 0.590 0.081 0.509
6477 0.235 1.016 0.629 0.086 0.543
6473 0.216 0.934 0.579 0.079 0.500
6233 0.200 0.863 0.534 0.073 0.461
6615 0.193 0.831 0.515 0.071 0.444
6620 0.200 0.862 0.534 0.073 0.461

*Taken from Woudt (1998).

A.8 Data for early-type galaxies in the Coma

cluster

The data shown here was generously made available by Dr. Lucey!. More
details about this data will be published elsewhere (Dr. Lucey, priv. comm.).
In this dissertation it is used to determine a relationship for extinction free
(Re — K;) colours with respect to velocity dispersion, i.e. galaxy size. This
made it possible, for instance, to estimate the colour excess for the central

region of the Norma cluster. For further details see Section 5.2 on page 149.

Department of Physics, University of Durham, United Kingdom, see
http://www. dur.ac.uk/john. lucey/



Table A.10: Information about R, and K; magnitudes and
velocity dispersion og of 73 early-type Coma cluster galax-
ies. The data shown here was generously made available by
Dr. Lucey and more details about this data will be published
elsewhere (Dr. Lucey, priv. comm.). A circular aperture with
a radius of ten arcsec was applied to obtain the given mag-
nitudes. None of the corrections described in Section 4.9 on
page 116 have been applied yet. For the corrected data, see
Table A.11 on page 241. For further details on how this data

was used in this dissertation, see Section 5.2 on page 149.

2MASS log(ao) FWHM R, R Ks K&  gal. type
ident. [log(km/s)] [arcsec] [mag] [mag] [mag] [mag] class.
2MASXJ13003251+2745576 1.926 1.34 15.877 0.004 13.362 0.056 S0/a
2MASXJ12591348+2746289 2.107 1.51 15.014 0.002 12.428 0.028 SO
1.52 15.023 0.002
2MASXJ13010925+2749052 2.133 1.29 15.339 0.002 12.861 0.036 E
2MASXJ13005921+2753592 2.127 1.19 14.867 0.001 12.273 0.021 S0/a
1.29 14.921 0.001
143 14.878 0.001
148 14.892 0.001
2MASXJ125946104-2751257 2.079 1.43 15.088 0.002 12448 0.027 - S0
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Table A.10: (continued) Information about R¢ and Kg magni-

tudes and velocity dispersion og of 73 early-type Coma cluster

galaxies.
2MASS log(oo) FWHM R. RE™ K KT gal type
ident. [log(km/s)] [arcsec] [mag] [mag] [mag] [mag] class.
1.51 15.061 0.002
2MASXJ12594007+2751177 1.885 1.41 15954 0.004 13.368 0.062 S0
2MASXJ12593079+2753028 2.364 1.23 14375 0.001 11.617 0.013 S0/a
1.44 14.369 0.001
2MASXJ12593789+2754267 2.264 1.19 14735 0.001 12.005 0.018 S0
1.44 14.761 0.001
2MASXJ12592333+4-2754418 2.302 1.35 14.182 0.001 11.468 0.011 E
1.44 14.206 0.001
2MASXJ12592265+2753488 2.079 1.37 15.252 0.002 12.753 0.036 S0
1.44 15.267 0.002
2MASXJ12592016+-2753098 1.851 1.22 15.479 0.003 12.898 0.040 E
1.25 15.485 0.002
1.37 15477 0.003
1.44 15.498 0.003
1.59 15504 0.003
1.65 15.513 0.003
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Table A.10: (continued) Information about R and K¢ magni-

tudes and velocity dispersion og of 73 early-type Coma cluster

galaxies.
2MASS log(cp) FWHM R, R Ks K&  gal. type
ident. [log(km/s)] [arcsec] [mag] [mag] [mag] [mag] class.
2MASXJ12590459+2754389 2.046 1.21 15454 0.002 13.020 0.047 SO
1.562 15.505 0.003
2MASXJ12590791+2751179 224 1.51 14.811 0.001 11.936 0.018 S0
2MASXJ12575059+2752454 2.074 1.34 15.516 0.002 12.882 0.038 SO/E
2MASXJ12574803+2752584 2.184 134 14.848 0.001 12221 0.021 S0
2MASXJ13004285+2757476 2.096 1.20 15.186 0.001 12.592 0.028 SBO
2MASXJ13004737+2755196 1.946 1.18 15.533 0.002 12984 0.041 S0/a
2MASXJ13003975+2755256 2.242 1.24 14.570 0.001 11.905 0.015 E
2MASXJ13002798+-2757216 2.158 1.16 15.260 0.002 12.648 0.030 S0
1.38 15.262 0.002
2MASXJ13001768+-2757192 2.315 1.15 14.142 0.001 11.344 0.009 E
2MASXJ13001655+2758032 1.932 1.15 15.210 0.002 12.655 0.031 S0
2MASXJ12595670+2755483 1.999 1.14 15.667 0.003 13.103 0.046 SBO
1.31 15.663 0.002
2MASXJ12594438+-2754447 2.234 1.16 14.531 0.001 11.893 0.017 E
144 14.597 0.001
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Table A.10: (continued) Information about R, and K magni-

tudes and velocity dispersion gy of 73 early-type Coma cluster

galaxies.
2MASS log(oo) FWHM R, R K, Ko gal type
ident. [log(km/s)] [arcsec] [mag] [mag] [mag] [mag] class.
2MASXJ12594234+2755287 2.211 1.19 15.214 0.002 12.655 0.033 E
2MASXJ12594423+4-2757307 1.946 1.19 15.646 0.003 13.176 0.053 S0
2MASXJ12592529+2758048 1.983 1.26 15.659 0.003 13.076 0.049 SO
2MASXJ12591525+2758147 2.356 1.22 14423 0.001 11.670 0.014 E
1.51 14.421 0.001
2MASXJ12590006+2758029 1.974 1.22 15.833 0.003 13.322 0.062 E
2MASXJ12585523+2757529 2.226 1.23 15.201 0.002 12.640 0.033 E
2MASXJ12582185+2758037 2.259 1.44 14410 0.001 11.677 0.013 E/S0
2MASXJ13012713+2759566 2.204 1.14 15.484 0.002 12.77t 0.034 E
2MASXJ13005445+-2800271 2.347 1.23 14.351 0.001 11.586 0.012 E
2MASXJ13004277+2758166 2.238 1.20 14449 0.001 11.704 0.013 S0/a
2MASXJ13004081+2759476 2.111 1.23 15.067 0.001 12.464 0.025 S0
2MASXJ130028354-2758206 2.003 1.16 15479 0.002 12932 0.039 S0
1.38 15.487 0.002
2MASXJ13000643+-2800142 2.074 1.18 15.151 0.002 12.553 0.028 E
2MASXJ125946814-2758252 2.142 1.19 14986 0.002 12.316 0.023 SBO
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Table A.10: (continued) Information about R and K5 magni-

tudes and velocity dispersion o of 73 early-type Coma cluster

galaxies.
2MASS logoc)) FWHM R. R K, K9 gl type
ident. [log(km/s)] [arcsec] [mag] [mag] [mag] [mag] class.
1.49 14.987 0.001
2MASXJ12593827+2759137 1.757 1.19 16.080 0.004 13.640 0.081 S0
2MASXJ1259327642759008 2.244 1.23 14.649 0.001 12.009 0.018 S0
2MASXJ12592657+2759548 1.950 1.23 15.807 0.006 13.280 0.058 E/S0
2MASXJ12592544+2758238 2.103 1.26 15.368 0.002 12.802 0.038 S0
2MASXJ12592136+2758248 1.768 1.33 16.295 0.005 13.923 0.105 S0
2MASXJ12591312+2758369 2.310 1.22 14212 0.001 11.547 0.012 E
1.51 14.216 0.001
2MASXJ125906034-2759479 2.172 1.22 14.769 0.001 12.101 0.021 SBO
2MASXJ125830234-2800527 2.276 1.34 14.446 0.001 11.744 0.014 E
147 14.459 0.001
2MASXJ13005158+-2802341 2.363 1.24 14.185 0.001 11.398 0.010 SO/E
1.27 14.178 0.001
2MASXJ13004867+2805266 2.334 1.31 14.203 0.001 11451 0.010 E
2MASXJ13002215+2802495 2.007 1.20 14.967 0.001 12.306 0.022 SBO
1.24 14.941 0.001
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Table A.10: (continued) Information about R, and Kg magni-

tudes and velocity dispersion g of 73 early-type Coma cluster

galaxies.
2MASS log(ocp) FWHM R Rg™ K, K™  gal. type
ident. [log(km/s)] [arcsec] |[mag] [mag] [mag] [mag] class.
1.25 14.969 0.001
1.44 14.946 0.001
1.48 14.941 0.001
1.48 14.948 (.001
2MASXJ13001702+4-2803502 2.058 1.23 15.423 0.002 12.788 0.035 S0
2MASXJ13001475+2802282 2.211 1.19 14.849 0.001 12.101 0.019 E
1.22 14.849 0.001
2MASXJ13001286+2804322 2.093 1.23 15.174 0.002 12.545 0.028 S0
2MASXJ13000803+2804422 2.271 1.23 14.642 0.001 11.914 0.016 E
2MASXJ12595601+2802052 2.222 1.15 14.579 0.001 11.861 0.015 S0
1.22 14.565 0.001
1.26 14.568 0.001
1.30 14.571 0.001
2MASXJ125931414+2802478 2.127 1.23 14.927 0.002 12315 0.024 S0
1.27 14.942 0.002
2MASXJ125928464-2805078 1.800 1.28 16.010 0.003 13.626 0.080 S0
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Table A.10: (continued) Information about R, and K¢ magni-

tudes and velocity dispersion og of 73 early-type Coma. cluster

galaxies.
2MASS log(oo) FWHM R RET Ks K™  gal. type
ident. [log(km/s)] [arcsec] [mag] [mag] [mag] [mag] class.
2MASXJ12591985+4-2805038 2.402 1.26 13.850 0.001 11.115 0.008 S0
1.33  13.835 0.000
2MASXJ12591389+2804349 2.151 1.25 15.396 0.002 12.979 0.046 S0
1.37 15.390 0.003
2MASXJ12585077+2805019 2.087 1.33 15.297 0.002 12.725 0.036 S0
2MASXJ12583190+-2802587 2.070 1.35 15,574 0.002 13.080 0.046 S0
1.60 15.571 0.002
2MASXJ13004459+2806026 1.979 1.28 15472 0.002 12.920 0.038 SO
2MASXJ13003552+2808466 1.965 1.30 15.258 0.002 12.730 0.032 SO
2MASXJ12595511+2807422 2.068 1.32 15.317 0.002 12.739 0.033 B
1.36 15.313 0.002
2MASXJ12590392+2807249 2.423 1.30 13.983 0.001 11.151 0.009 E
2MASXJ12585341+-2807339 2.105 1.29 156.361 0.002 12.790 0.037 E
2MASXJ12583636+2806497 2.244 1.36 14.518 0.001 11.837 0.015 S0/a
1.55 14.521 0.001
2MASXJ125821694-2808557 2.111 1.29 15.011 0.001 12376 0.024 S0
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Table A.10: (continued) Information about R, and K magni-

tudes and velocity dispersion og of 73 early-type Coma cluster

galaxies.

2MASS log(ao) FWHM R, RET K Ke&™  gal. type
ident. log(km/s)] [arcsec] [mag] [mag] [mag] [mag] class.
2MASXJ125815044-2807327 2274 1.28 14650 0.001 11.983 0.017 S0
2MASXJ13004875+2809296 2.171 1.28 14.639 0.001 11.894 0.015 SBb
2MASXJ13000909+-2810132 2.178 1.23 15.038 0.001 12.356 0.023 E
2MASXJ12574866+-2810494 2.163 1.39 14.850 0.001 12.202 0.020 Ep
1.71 14.828 0.013
2MASXJ12572841+2810348 2.081 1.49 15.197 0.002 12462 0.026 SO
1.75 15.188 0.018
2MASXJ12590180+-2813309 2.272 1.65 14480 0.002 11.638 0.013 S0/a
2MASXJ12580552+2814335 2.029 1.67 14.810 0.013 11.834 0.015 Scd
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Table A.11: RZ™ and K" magnitudes and (R¢ — K)o

colours for the Coma cluster data shown in Table A.10 on

page 233. Except the extinction correction, all of the correc-

tions described in Section 4.9 on page 116 have been applied.

For the redshift Zyster of the Coma cluster, the average red-

shift Zcoma = 0.0227 of all the shown galaxies was used. For

the multiple R; band measurements shown in Table A.10 on

page 233, the mean value was calculated and used.

2MASS RPT K¢ (R, —K )7 redshift (z) redshift source

ident. [mag] [mag] [mag] {1 ref.
2MASXJ130032514-2745576  15.782 13.330 2.452 0.022339 Smith et al. (2004)
2MASXJ125913484-2746289 14.923 12.397 2.527 0.022846 Smith et al. (2004)
2MASXJ130109254-2749052 15.247 12.825 2.422 0.019897 Smith et al. (2000)
2MASXJ130059214+2753592 14.794 12.242 2.552 0.023003 Smith et al. (2004)
2MASXJ12594610+2751257 14.974 12.423 2.552 0.027075 Smith et al. (2004)
2MASXJ12594007+2751177 15.870 13.321 2.548 0.012742 Smith et al. (2004)
2MASXJ12593079+2753028 14.284 11.575 2.709 0.015861 Smith et al. (2000)
2MASXJ12593789+4-2754267 14.648 11.980 2.669 0.026835 Smith et al. (2000)
2MASXJ12592333+2754418 14.099 11.437 2.662 0.022879 Smith et al. (2004)
2MASXJ12592265+2753488 15.170 12.713 2.457 0.017155 Smith et al. (2004)
2MASXJ12592016+-2753098 15.399 12.865 2.534 0.021725 Smith et al. (2004)

HA.LSNTO VINOO 04 VILVA AXVIVO 8V

1ve



Table A.11: (continued) RE™ and K{°" magnitudes and
(Re — K)o colours for the Coma cluster data shown in Ta-
ble A.10 on page 233.

2MASS RO KT (Re — Kg)®F  redshift! (z) redshift source

ident. [mag] [mag] [mag] [ ref.
2MASXJ12590459+2754389 15.386 12.986 2.399 0.021455 Smith et al. (2004)
2MASXJ12590791+2751179 14.716 11.903 2.813 0.022089 Smith et al. (2004)
2MASXJ12575059+2752454 15.420 12.851 2.569 0.023176 Moore et al. (2002)
2MASXJ12574803+2752584 14.756 12.185 2.571 0.019697 Smith et al. (2004)
2MASXJ13004285+4-2757476 15.085 12.568 2.517 0.027906 Caldwell et al. (1993)
2MASXJ13004737+42755196 15.431 12.961 2470 0.028653 Smith et al. (2004)
2MASXJ13003975+2755256 14.472 11.877 2.595 0.025087 Smith et al. (2000)
2MASXJ13002798+2757216 15.165 12.617 2.547 0.023456 Smith et al. (2004)
2MASXJ13001768+2757192 14.046 11.313 2.734 0.023026 Smith et al. (2004)
2MASXJ13001655+2758032 15.123 12.612 2.510 0.015457 Caldwell et al. (1993)
2MASXJ12595670+-2755483 15.566 13.076 2.490 0.025801 Smith et al. (2004)0
2MASXJ12594438+-2754447 14.469 11.861 2.608 0.022402 Smith et al. (2004)
2MASXJ125942344-2755287 15.118 12.624 2.495 0.023016 Miiller et al. (1999)
2MASXJ12594423+-2757307 15.550 13.145 2.405 0.023166 Smith et al. (2004)
2MASXJ12592529+2758048 15.561 13.049 2.512 0.025678 Moore et al. (2002)
2MASXJ12591525+2758147 14.334 11.629 2.705 0.016208 Miiller et al. (1999)
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Table A.11: (continued) RZ°™ and K™ magnitudes and
(Re — K;)°™ colours for the Coma. cluster data shown in Ta-
ble A.10 on page 233.

2MASS R®™ KT  (Re —Kg)™  redshift! (z) redshift source

ident. [mag] [mag] [mag] [] ref.
2MASXJ125900064-2758029 15.732 13.298 2.434 0.027783 Smith et al. (2000)
2MASXJ12585523+2757529 15.110 12.603 2.507 0.019016 Smith et al. (2000)
2MASXJ12582185+4-2758037 14.318 11.641 2.676 0.020087 Smith et al. (2004)
2MASXJ130127134-2759566 15.386 12.743 2.642 0.025434 Smith et al. (2004)
2MASXJ13005445+2800271 14.262 11.545 2.7117 0.016658 Moore et al. (2002)
2MASXJ13004277+2758166 14.355 11.670 2.685 0.021321 Smith et al. (2004)
2MASXJ13004081+2759476 14.971 12.434 2.537 0.023723 Smith et al. (2000)
2MASXJ13002835+2758206 15.384 12.905 2.480 0.025728 Smith et al. (2004)
2MASXJ130006434-2800142 15.054 12.524 2.530 0.024243 Smith et al. (2000)
2MASXJ125946814-2758252 14.882 12.298 2.584 0.031532 Smith et al. (2004)
2MASXJ125938274-2759137 15.985 13.608 2.376 0.022792 Moore et al. (2002)
2MASXJ12593276+4-2759008 14.557 11.972 2.585 0.019407 Moore et al. (2002)
2MASXJ125926574-2759548 15.712 13.248 2.464 0.022295 Smith et al. (2000)
2MASXJ12592544 42758238 15.275 12.767 2.508 0.020454 Smith et al. (2004)
2MASXJ12592136+2758248 16.203 13.888 2.315 0.020207 Moore et al. (2002)
2MASXJ125913124+2758369 14.119 11.515 2.603 0.022796 Smith et al. (2004)
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Table A.11: (continued) R{™ and KS°™ magnitudes and
(Re — Kg)©™ colours for the Coma cluster data shown in Ta-
ble A.10 on page 233.

IMASS ROOT  K9OT (R, — Ky)®T redshift! (z) redshift source

ident. [mag] [mag] [mag] [] ref.
2MASXJ12590603+2759479 14.671 12.074 2.597 0.025611 Smith et al. (2000)
2MASXJ12583023+2800527 14.356 11.714 2.642 0.023890 Smith et al. (2004)
2MASXJ13005158+2802341 14.079 11.376 2.703 0.029160 Smith et al. (2004)
2MASXJ13004867+4-2805266 14.107 11.420 2.687 0.023149 Smith et al. (2000)
2MASXJ13002215+2802495 14.852 12.281 2.570 0.027346 Smith et al. (2004)
2MASXJ130017024+-2803502 15.330 12.753 2.577 0.020521 Smith et al. (2004)
2MASXJ130014754-2802282 14.758 12.064 2.694 0.019137 Smith et al. (2000)
2MASXJ13001286+-2804322 15.076 12.517 2.559 0.025037 Smith et al. (2004)
2MASXJ13000803+2804422 14.545 11.885 2.660 0.024243 Smith et al. (2000)
2MASXJ12595601+2802052 14.470 11.836 2.634 0.027289 Smith et al. (2004)
2MASXJ125931414+2802478 14.839 12.284 2.554 0.023279 Smith et al. (2004)
2MASXJ12592846+-2805078 15.926 13.579 2.347 0.012409 Smith et al. (2004)
2MASXJ12591985+-2805038 13.755 11.073 2.682 0.015677 Smith et al. (2004)
2MASXJ12591389+-2804349 15.294 12.952 2.342 0.026091 Smith et al. (2004)
2MASXJ1258507742805019 15.204 12.690 2.515 0.020357 Smith et al. (2004)
2MASXJ125831904-2802587 15.481 13.043 2.438 0.019046 Smith et al. (2004)
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Table A.11: (continued) R™ and K$°™ magnitudes and
(Re — K)®°™ colours for the Coma cluster data shown in Ta-
ble A.10 on page 233.

2MASS RPT KT  (Re —Kg)®"  redshift! (z) redshift source
ident. [mag] [mag] [mag) [] ref.
2MASXJ13004459+2806026 15.377 12.887 2.490 0.022069 Smith et al. (2004)
2MASXJ13003552+2808466 15.168 12.692 2476 0.018216 Smith et al. (2004)
2MASXJ125955114+2807422 15.217 12.711 2.506 0.025277 Smith et al. (2004)
2MASXJ12590392+2807249 13.883 11.125 2.758 0.026618 Miiller et al. (1999)
2MASXJ12585341+2807339 15.265 12.759 2.506 0.023349 Smith et al. (2004)
2MASXJ12583636+2806497 14.424 11.806 2.619 0.022826 Smith et al. (2004)
2MASXJ12582169+2808557 14.912 12.350 2.562 0.026372 Smith et al. (2004)
2MASXJ12581504+2807327 14.552 11.955 2.597 0.025011 Smith et al. (2004)
2MASXJ130048754-2809296 14.547 11.858 2.689 0.019610 Casoli et al. (1996)
2MASXJ13000909+-2810132 14.943 12.324 2.619 0.022619 Smith et al. (2000)
2MASXJ12574866+2810494 14.742 12.173 2.570 0.024140 Smith et al. (2000)
2MASXJ125728414-2810348 15.092 12.437 2.655 0.027292 Rines et al. (2001)
2MASXJ12590180+2813309 14.380 11.612 2.768 0.026742 Smith et al. (2004)
2MASXJ12580552+2814335 14.714 11.804 2.910 0.023513 de Vaucouleur et al. (1991)

tTaken from the NASA/IPAC Extragalactic Database (NED); http://medwww.ipac.caltech.edu/.
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Appendix B

Selection of Utilised

Abbreviations

Table B.1: Abbreviations used in this dissertation.

Abbreviation

Description

AAO
ACO
ADU
BTP
CIZA
DENIS
DIRBE
ESO
ESO/SRC
FWHM
IRAF
IRAS
IRAS PSC
IRAS PSCz
ISAAC

Anglo-Australian Qbservatory

Abell, Corwin and Olowin

Analog-to-Digital Unit

Behind The Plane

Clusters in the Zone of Avoidance

Deep Near Infrared Survey

Diffuse Infra-Red Background Experiment
European Southern Qbservatory

ESQO / United Kingdom Science Research Council
Full Width at Half the Maximum

Image Reduction and Analysis Facility

Infrared Astronomical Satellite

Infrared Astronomical Satellite Point Source Catalogue
IRAS PSC Redshift Survey

Infrared Spectrometer and Array Camera
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APPENDIX B. SELECTION OF UTILISED ABBREVIATIONS

Table B.1: (continued) Abbreviations used in this disser-

tation.

Abbreviation

Description

POSS
PSC

PSF
REFLEX
RON
ROSAT
ROSAT BSC
6dF
SOFI
2dF
2dFGRS
2MASS
WFI

Palomar Observatory Sky Survey
Point Source Catalogue

Point Spread Function
ROSAT-ESO Flux Limited X-ray
Readout Noise

Roentgen Satellite

Roentgen Satellite Bright Source Catalogue
Six degree Field facility

Son of ISAAC

Two degree Field facility

2dF Galaxy Redshift Survey
Two Micron All Sky Survey
VWide Field Imager




Appendix C

Changes made in this

Dissertation

This chapter only applies at a later stage.
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Appendix F

Contact Details

Karsten Markus
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Abstract

Observations of nearby large-scale structures in the Zone of Avoidance have re-
vealed a number of important findings. Amongst these were large-scale structures
like the Norma cluster and the surmised Norma Supercluster. However, various
difficulties arise when extragalactic objects are investigated close to the band of
stars, dust and gas that form the Milky Way. The most severe of these problems,
star crowding and Galactic extinction, are analysed in this study. Stars super-
imposed on a galaxy can cause significant deviations in the established surface
brightness profiles of these galaxies. Furthermore, the light received from these
galaxies is reduced by the increasing amount of dust and gas in the line of sight
towards lower Galactic latitudes. In this study, a set of thirty elliptical galaxies
in the central Norma cluster region was analysed by means of high quality opti-
cal and near infrared observational data. It is found that the determination and
application of a pixel mask for interfering parts in the image offers sufficiently
good results for moderate numbers of foreground stars and with relatively lit-
tle effort. For heavy star crowding and awkwardly positioned stars or even other
galaxies close to the investigated galaxy, a more accurate method was developed:
the stars were modelled with a point spread function and thereafter subtracted.
Subsequently, the (R, — K;) colour (which is relatively insensitive to the choice
of Galactic reddening law) and the colour excess were obtained. These were then
compared with the most commonly used measure of extinction, the DIRBE/IRAS
dust maps. The latter are, however, poorly calibrated at low Galactic latitude
and are believed to overestimate the Galactic extinction at lower latitudes. The
results obtained here do in fact show that the DIRBE/IRAS dust maps already
slightly overestimate the Galactic extinction at the position of the central Norma
cluster region.
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Chapter 1
Introduction

This is the second part of three parts in which this dissertation is divided
into. However, similar to Part III, this part is considered to be only an
attachment to the first part, which contains all details about the subject,
data, analysis, results and the discussion. The third part contains more
detailed information about how the data was processed and gives instructions
on how to repeat similar investigations. However, part of the results consist
of plots and images of the galaxies which were investigated. These are not
necessary for following the analysis and results shown in part one, but they
nonetheless offer information about the analysis that was applied to the data
and even give more details about the galaxies that were processed. These

‘peripheral’ results are what can be seen in this part of the dissertation.

The ‘Galaxy Catalogue’, as this part is called, gives all surface brightness
plots, plots of colour and fitted de Vaucouleur r'/4 profiles and images of
the galaxies before and after the :PSF-Fitting procedure was applied. The
information is given for each galaxy that was investigated and the galaxies
are sorted by their identification code as defined by Woudt (1998). For more
information, e.g. on the data analysis, the reader is referred to Part I and III
of this dissertation.

In the images shown for each galaxy, northwards and westwards are at the

top and the right side, respectively. The orientation may deviate from the

1



2 CHAPTER 1. INTRODUCTION

position angles shown in the corresponding plots, since the orientation of the
images was only adopted to the same coordinate system after the isophote
fitting had been conducted already. Furthermore, for the plotting, the angles

were sometimes rotated by 180°.



Chapter 2

Galaxy WKK 5920

Figure 2,1 Galaxy WEKK 5820, I, band imapes, [eld 11, WEIL CCD #351.



GALAXY WKK 5020

CHAPTER 2.

Figure 2.2: Galaxy WKK 5920, K. baud images.
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8 CHAPTER 2. GALAXY WKK 5920

WKK98 5920 [Field 11 / CCD #51] — sma'/* profile-fitting

12 I i 1 I T i R 1
14l WKKO8 5920 data  * -
16 | f(sma) = a - sma'/* +b -
. 18 a = 4.088 .
brlglltltness 90 I f b= 13.856
Rc
[mag/arcsec?] 22 k , .
24 | ) .
26 - ey .
28 I -
30 C 1 1 l 4 1 1 A ]
0.5 1 1.5 2 2.5 3 3.5 4
semi-major axis [arcsec!/*]
WKKO98 5920 — smal/4 profile-fitting
10 - T T T i T
12 WKKO98 5920 data
¥ f(sma) = a - sma'/* + b —
" -
brightness Z _ 338(8)
HKs 16 - t - T
[mag/arcsec?] 1g -
20 - ' i
2F Eo -
24 b i
I 1 ! 1 | !

0.5 1 1.5 2 2.5 3 3.5 4
‘ semi-major axis [arcsec!/4

Figure 2.6: Galaxy WKK 5920, plots of brightness (g, and py, ) versus semi-
major axis sma'/4 to demonstrate the profile-fitting. The arrows point to the
upper and lower limit of the data set that was used for the fit. The resulting
effective (half-light) radius ra’* and effective (half-light) surface brightness u,

are indicated by straight lines.
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Galaxy WKK 5972

Figure 3.1 Galaxy WKK 5972, R, band images, field 03. WFI CCD #3538

&
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Figure 3.3 Galaxy WKEK 5972, K, bund images
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axis sma'’? to demonstrate the profite-fitting. The arrows point to the upper
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b, are indicated by straipght lines,
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Galaxy WKK 5987

Figure 4.1 Galaxy WKEK 3957, R, band images, field 03, WEFL CCL 253

LT
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Figure 4.2; Galaxy WK D487, R band images, field 11, WFI CCLD #50

Figure 4.3 Galaxy WK 5937, Ik, band images
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Fignre 4.4 Guloxy WKK 5957, elliptivity and position angle plots
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WEKIKOS 5987 Field (13 7 CCD #53]  sma'? profile-fitting

12 | | . R [ I
T WRKOR BT datn -
15 =, flsma) = a- sal™ + b .
_ 18 + TR a=4.117
briglt ness - T e AT
fiie = .
[y faresec? 22 -

e ' il
9%; 5
2% = ey =
0 : i | | Y P | | .x.xf"

L 1 5 3 2.0 3 A0 4
x 4 i WL
semi-major axis [aresec’

WILIKAR 5OST [Field 11 7 CCL #50] — smat™ profile-fitting

12 oy T O |
14 | WKRO8 3987 data © -
i I flama) = a-smo ™ 4 b
. 185 = 1.332 -
hrigly ness ik L= 13468
HEe o5
lniag faresec®] 22 =
2
2 s -
28 - : e 1
; s i
U i 1 | pmals s |J T I A
.5 1 15 2 2.5 i 30 4

= 0 - L
sernb-major axis [arescet’
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axis smat'™ 1o demonsirate the profile-fitting. The arrows peoint to the upper
and lower limit of the data set {hat was user for the fit. The resulling
effective (lalf-light) radius 't and elfective (halt-light) surface brightness

i, are indicated by straight lines.
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Galaxy WKK 6012

Figure 5.1 Galaxy WKK 6012, R, band intages. field 04, WFT COD #£51
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Galaxy WKK 6019

Tigure 6.1 Galaxy WKK 6019 R, band wuages, tield 04, WEL CCLY #52

31



32 CHAPTER 6. GALAXY WKK 6019

Fignre 6.2: Galaxy WRKEK 6019, R, band images, field (M, WFIL CCD £33

Figure 6.3: Galaxy WKK 6019, K, band images
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Froore 7.2 Galaxy WKK G047, R band fmages. field 04, WET COD #0502
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WIKKO% 6047 — srna'™ profile-fil ting
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Figure 7.9 Galaxy WKK 6047, plot of brightness g versus seimni-major
axiz smnal to demonstrate Lhie profle-fitting, The arrows poind (o the upper
and lower limit of the data set thal was used for the fit, The resulting
effective (halt-light) radius ra'" and effective (halt-light) smtace brieltness

w, are indicated by straight lines.
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Galaxy WKK 6075
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Figure 82: Galaxy WREK 6073, H, band hnages. ficld 09, WF1 CCID £356
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WRIKOS 60T [Ficld 03 / CCD #3531, sma'™ profile-fitting
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Fignre 8.0: Galaxy WICK 6075, plows of brightness gy, versus semni-uajor
axis sina'/! 1o demonstrate the profile finting. The arrows point 1o the uppes
and lower hmit of the data sel thar was used for the fit. The resulting
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Galaxy WKK 6116

Figure 9. 10 Galaxy WKK 6116, R, bund images, fickd 03, WI'I CCD 4356
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Figure 9.2: Galaxy WKK 61146, IS, hund images
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Galaxy WKK 6180
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Figure HE 1 Galaxy WEKIC G180, 13, baned images, field 01, WEFI (01D #51
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Fignre 10.2: Galaxy WKK 6180. R, band hnages, ficlkd 01. WFL CCT) #540)

Figure 10.3: Galaxy WKK 6130, K. band jimages



Chapter 10

Galaxy WKK 6180

Fignre 101: Galaxy WKIK 6150, R, band images, ficld UL, WED CCD #54
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Galaxy WKK 6183

O

Fignre 11.1: Galaxy WKK 6183, R, band ituages. licld 0. WFIL C'CT #3533

b7
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WKKOR 6183 [Ficld 11 / CCD #53] - smal/? profile-titting
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Galaxy WKK 6198

Figure 12.1: Galaxy WKK 6198, R, band buapes, field 05, WFI CCD #3534
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Figure 12,2 Galaxy WK 6195, K, bawl Deages
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Galaxy WKK 6204

[Figure 13.1: Galaxy WEKIL 6204, R, band images, leld 01 WEI OCD #1541
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Figure 13.2: Galaxy WKK 6204, K, baud images
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Galaxy WKK 6221

Figare 14.1: Galaxy WKIK 6221, R, band images, ficld 02, WFT CCD #54

87



bt

CHAPTER 14, GALAXY WKK 6221

Figure 14.2: Galaxy WKIC 6221, K, band huages
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Figure 15.2; Clalaxy WEKIK 6229, I8, band fruages
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Galaxy WKK 6233

Figure 16,1 Galaxy WKK 6233, R, band images, ficld 01, WITT C'CT)» 52
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Fignre 16.20 Galaxy WK 6233, R, band tmages, leld 0L, WEL CCL #53

Firure 16.3: Galaxy T'}I{K 6233, R, band fmages, leld 01, WEL CCD #54
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Figure 16.4: Galaxy WRK 6243, KK, baud images
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Figure 146.12: Galaxy WEKK 6233, pluts of brightness ug_ versus semi-major

axis smal’? to demonstrate the profile-ficting. The arrows point ta the upper

and lower limit of the data set that was used for the it The resulting

eflective (half-light) radius 1 and effective (half-light } suiface brightness

u,, are indicaled by straight lines.
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Galaxy WKK 6235

Figure 17.1: Galaxy WEKIK 6235, R, band images, field 01, WIT CCD #55

1098
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Fignre 17.2; Galaxy WKK 6235, IR band images, field 03, WFT (10D 352

Figure 17.3: Galaxy WREK 6235, I, band images, [eld 05, WFT CCD 433
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Figure 17.12: Galaxy WKK 6233, plots of brightuess pp  versus semi-muajor
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and lower llmit of the data set thar was used for the fit.  The resulting
eftfective (half-light) radius i’ and effective (halfdiplt) surface briphtness
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Galaxy WKK 6242
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Figure 18, 1: Galaxy WKEK 6242, R, band imapes, field 01, WFI CCI 452
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Figure 18.2: Galaxy WKEK 6242, B, band inmages, field 01, WFI CCD /a5

Fignre 18.3: Galaxy WK 6242, K, band images



EEEIg M ERNE HEzw k| S

‘WAl PEEMI-A242 B, 1A%

i : 1 - e
oH nn
L = e
u =
E =
ERERS L -
T L
150 |+ - ———— 4 1*n
I
I
— T -
104 P | o
* x
o ¥ et
i Eow
H i
| S 5 [ [ ]
sr -majzr ara [emceest| FRR TS DY T E PE N T |
Eiipzing TALIH HEAR KD b “hillall” RERNE S0 b, 5 b
(Y —_ —
on un
wnaf el
H ]
= s
ua [ nat
0 nz
(MR [ S ——— | |
— —_— i —————
- = 1
N =
s x
C Lo
H [
. H
; M ioaf
- n i
1 = 5 i | 5 ® uh
me— —majzr aes [sraeectd] LU YRR TIEN FTLI T |
“ellzping’ MERUS BLHEE, aillnil WRKAH HYsE K|
. . i 1 i
nn uH
Ul =08t
i e
] 5 | T—
o ey
s Ena
ni nz
it P }— | | [l i |
=i T len
t L
5 ¥
= =
€ G x AN
¥ z
4 SR S, B H e
5 H
T | iouf
[ H
o i
-an | . . . =0
c5 1 ) i 2" an [ ]

semi-ma, s ati |aresse

Figure 15.4: Galaxy WKK 6242, elhipticity and position angle plots




122

o
i
f o
o

SRl e e,
uoq

A
e
ip
1
o
£
S
]
Eir
F
i
g
Som

ehipzing WHRE-RJE A BP

\iq

s

1 =

—_

i
I

i

|

s wnte |aryes 4

Lig WERHL WA W, Ll

F
T

E

e --*""f I
T .ﬂ-'_'i-- 8
;"_ /"-’

s -+
FE L] -

Ml— -

P e ——— PR —
i ¥ ]
mtniemal AR |8

el
T
LT T
L]

ER s

:

1

= m

T
T

T -

E

- T

g

v.zpid’ FRER = 100 ¥

[

A

i
L LETI T DR E|

S

P

—_—

R L |‘|
L] e
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Chapter 19

Galaxy WKK 6250

Ficure 19.1; Galaxy WREK 6250, R, band images, licld 01, WEL CCL #£55
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Figure 1920 Galaxy WKK 6250, K. band images



v angly |2agres!

allgizity

ponuivz angle [Zegres|

=
=

=
=

[

&

=

5
x

]
-

Flippung’ WEKRI-EZNT A, | 5 willn . WaHp-ml |
. ey T [ yeiipe——
I |
+ |
I |
5 4 nf
! 3 !
I - :.un,--
. 4 LS
' " 0z
i : [ e R ‘
H 1
. 1 = L
i 0
k -
| F T
r 2
}
!
} -0
L o CRF R WL S VOEF Y, TR S
3 : "
= -majcr ees |arcenc| BETY MR r aalE Aresarn )
Slippiw MEEIR LT E, ille  weNNS RIRLE
1 s
i
(] | [ | i | up i | -— = | PR T
I
1 w
x
: =
N —_—
— 5 i
- F o}
. H I
i [
i "
b
l i . . O )
nh [ 1h [ E ch LU i w
= -majzr sex [t P —nRFd Rl [ eaent]

Figure 19.3: Galaxy WRKK 6250, ellipticity and position augle plocs

MY

—.



B8,

CHAPTER 14, GALAXY WRKEK (6251}

ilppitg' MEKL dE:0 F, L Billall’ PEEH dE0E, L L
I T T =ed v L] o) Ty v 5 T -
F -k ' N :
R id - = FR L] {
o 0 4
5 1 E 4
- - v
£ an = t
4 a=b 5
[t i 2
E T =

7 i k] H“—_.__’H_
M\M“ﬂvwf iy s

|i=— f—t t R I ] (e

(N E

r
I
|
i
Inkremalad T, mugoitue
= =

ir Lagracad B, —ragnilude [-ing

I
wl
=
T
1

| - IF - -
'l LA LT
i ! & ]
SR emEar B4 aecante| seoi mapr s |eeeacest|
clippog’ TERIH WSt K, Killani WHWAR-S K,
—_— f ——— 12 : v . 1
¥ i _\ : E h
- " \
s & :
FRT o i PR i
z £ :
: -in =
i E 4 :
ol
5 =l :
= = '
o ' (] . . . . FEY ] (RN I R I + |
iz MY N
- — -
= T H e
L e r R
i - L
5 oim B o ]
H
i -+ i E
ol ZaT E Pl T8 —
3 z z -
] 3
P E
BolEs — - T | ) Tp—
A B,
R v . L L L gofion gt w8
LE] 1 (K] ¥ S us |5 i ua
e maEr axin arzeest| wEmc-mapr mnis et

ligure 19,

I Galaxy WEKRK 6250, isophotal and integrated masnitude plors



killnll: FEE@ =125 P -3 145

LIRZINNIT fhe My A vst]

sghtesan 2 kgl

B

>

131

‘ielall” FEKRH Su ol oA | OSH

h F
Tn-‘_..-—"_'--*_“-"'-\_\__\v"r'\‘ -:*-.___\_\___\—
H | B s, . —
o |
5 ik ¥
2 i H
] 4
£ L
¢ o
L : ]
Ex
-t
[ i RS v E i e i
" in 2n n u @ au

Figure 147

I A aEe erzaes]

Galaxy WKK 6250, |

- My, ) and (R,

A AR e ]

.| magnitude plots



152 CHAPTER 19 GALAXY WHA 6250
WKKS8 6250 [Field 01 / CCD #55] — sina' profile-fitting
[ e ! = T | e 3
14 \ WIKKOR 6230 data .
G fisma)  a-smat™® + 0 -
. 18 0 = 5.053 |
hrightness el > 11.924 ~
FiT ) b= : f
g/ arcsec? 22 :
B i
20 i _
25 | i
' e f
At I I I I it I ﬂ
1.5 1 128 2 2.5 A 3.0 4
seri-mmajar wvis [aresect’?]
WIKKUR 6250 sma™ profile-fitting
ik T i T T T T
19 WHIKHE G23) dala
14 h filsma) =a- stirald1 | b
SR i@ — 4,229 i
‘”ﬁ'j{flﬁ“h ol b=10072
[ faresec?] 15 _
\::‘H
2“ = - H"'*-\-.._L_Hx <=
L
23 b “‘HHH jl
24 e "
| | | | | ~L
e t 1.5 2 2.5 3 3.5 1
seuti-inajor axig [arcgect ]

Figuee 1960 Galaxy WK 6230, plots of brightness (g, and p,

sus semi-major axis sma'? to demonstrate the profile-fitting, The arrows
point to the upper and lower limit of the data set that was used [or the fit,
e : - i L ) 171 - - .

Ihe resulting effective (half-light) radius re™" and effective (half light ) surface

brigutoess w, ate ulicated by straieht lines.



Chapter 20

Galaxy WKK 6269

Figure 20.1. Galaxy WRKK 6269, R, band itages, lield 01, WFIL CCD 52

L33
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Galaxy WKK 6282

Figure 21.1: Galaxy WEKIC G252, Ry band hnages. feld O1, WET CCTY #3535

14]
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Figure 21,2 Gulaxy WRKIK 6282, K, band images
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WININO® 6282 |Ficld 01 / CCOD #2353 — gmat? profile fitting
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Galaxy WKK 6318

Figure 22.1: Galaxy WKRK 6318, R, band images, field 01, WTFT CCD #5051
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Figure 22.2: Galaxy WRKK 6313, K, band images
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WICKSE G318 [Field 01 7/ CCD #31] - srnat/ protile-litting
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Galaxy WKK 6342

Fignre 23.1: Galaxy WKIK 6342, R, baud images, feld 01, WEL COL #£56
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Galaxy WKK 6360
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Fignre 24.2; Galaxy Wik G360, I, baned images, feld 01, WTIT CCD #37

Figire 24.3: Galawy WKEK G300, I, band images
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WILIHS G360 [Field 01 F COTY #£56] - simali profile-fitting
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Galaxy WKK 6383

Figure 253.1: Galaxy WKK 63583, R, band tmages, Leld 01 WL CCD 200
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WRKYS 6383 Fiold 0L / CCD #a00 sma* profile-Licting
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WREKOS 6431 Field 06 / COD 453 — sma' profile-fitting
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Figure 26.6 Galaxy WKIK 6431, plols of brightness (pp, and gy ) over-

sus senti-major axis sma'? o demonstrate the profile-fitting. The arrows

poind 1o Lhe upper awd lower limit of the data set that was used for the fit.

The resulting effeetive (hall-light ) radius e effective (Ledl-lipht ] surlace
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WKISUS 6473 [Field 18 7 COL #55) — sma'™ profile-fitting
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WK 6477 [Field 06 / CCD #£52] — sma! profile-filting
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Fipnre 29,1 Galaxy WEKIK 6535, R, band iruaves, felid OG, WTET COTY £51
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Fignre 29.2: {'Iahu:;;f'135-?1{}:{-&'&555., K, band images
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WKKIR 6555 [Field 06 / CCD #51]  sma'™ profile-fitting
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salaxy WKK G355, plots of brightness (g amd pg | over-

sus semi-major axis smal/? to demonstrate the profile-fitting. The arrows

point to the apper and lower limit of the data set that was used for the fit

The resulting elfective (Loll-light ] radins re't el effective {hali-light) surfnce

brightness p, are lndicated by straight lines,
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Galaxy WKK 6600

Figure 30.1: Galaxy WEKRK G600, I, band hnages, leld 07, WEFL OO #5650

15y
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Fignre 4.2 Galaxy WKK 6600, K, band images
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WRKS 6600 Field 07 / OCD #50]  smal profile-fitting
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Fignre 3Lt Galaxy WEKK GG00. plots of brightuess (w, and wyg ) ver-
sns scemi-major axis smat® o demonsirate the profile-fitting. The arrows
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Galaxy WKK 6615

Figure 31,1 Galaxy WEKK G615, R, bl tinages, field 06, WEL OCLD #57

2013
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Figure 31.2: Galaxy WKK 6615, R, band ages, [eld 15, WFL CCL #50
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Figure 31.3; Galaxy WKK 6615, K band nnages
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Filgure 31.4; Galaxy WEKIK 6615, ellinticity and position augle plots
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CHAPTER 31, GALAXY WIKKK 6615

WIKKOR G615 |Field 06 / CCD 57 smael™ profile-fitting
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Franre 318 Galaxy WEKRK G615, plots of nightness wy  versus semi-major
axts stal ! to denonstrate the profile-fitting. The arrows point to the upper
andl lower liil of the data sel that was used for the fit. The resulting
affeetive (hall-licht) radius r'? and effective {hall-lighty surface briglitoess

w,. are indicated by straight lines,
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Galaxy WKK 6620

Figure 32.1: Galaxy WKK 66200 I, band images, ficld 06, WEFT CCD #57

211
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Figure 32.3: Galaxy WKK 6620, K, band images
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WKEKIS 6620 Field 06 / CCD #£37] - smab? profile-fitting
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Galaxy WKK 6679

Figure 33 1: Galaxy WKK 6679, R, band hmages, field 03, WFI CCD 53
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Figure 33.2: Galaxy WKIN 6679, I, band funages



rhipjuig’ WEERE-REYE f, 1A 53

B B e e e i £ R

By
|

Wiy

Y S R T— . I N S
i §
ah - -
. +

parazT RIL P A we]

;
T

b i il e N
i B ] ™ 1
atin i o, e nain ferr e |

_—_ T E. 1T

-

——

' |

e RaT,
L ¥ u
5 w & ]
[-L ¥ T SN TR W S T SR T T

|

PR S ——
i

il EaEE ARl RrEEert

a |
}
i ow
£
W
P
3
& ="
s
i
b
wa b
o
i
g
K
HY |

T

4 W
§
3

3 e
E

a3

B

a2l

AR WA R 8 18 e

ey =

oo et

kil PEERT WP K

; .H-H._-—-_p_.ﬂ. R
T et T :

Fignre 33.3: Gulaxy WKIK 6679, ellipticity and position angle plots



222 CHAPTER 33, GALAXY WKK 6679

iy, g YNBSS, o AR T R
[ - b r——— = T Y b — b L ——
T i |
i £ =0
Za 3
3.1 2 |
£
£ " 3 ™ T
- & _
Pu T : : ‘h“\ :
- A e H H s
ni—.——._ ¢l g f— :n.-_.q | IR b e ]
Sy 1= |
H £
z _'..Pr_,‘d-"’" ;
——r :
Ll / EI _‘__.--'-"'-—.-___H__ :
z i P 3
= 4 = # e __fﬁ
" - " =
P V. R i
s : ¥
= e | ¥ -|._._|_._._'| e . o=l L A
i 1 In F 1] 1 s [ T f] ' 4
AL w7, ARl an [r et
Alpring NeRgL L K, T W T K,
T =z 3 " L, L) 1
o - HeE ] &
" s v\
- o =
Eoary ol
@ 3o .
H S
w f
= B =
g ) l
> | (L
— P —— s — AL .| o ey e et
It ST T -
3 e — —
£ £ I i
. £ e
E s
- £ . 4
i = =
i o | =
£ "
" 1 i z wz : . ) 2
T e el = L o |

Figure 33.1: Galaxy WKK 6679, Isophotal and integrared magnitude plots



223

‘kdlsll’ AHEBE-EATR I ~K, DB i “hurdii’ BEE tTLH 4 18 hE

. 5
Ary g T l 1 1
E 1 - . e J: _
5oy 3l
E T £ 1 .
¥ L _—
£ T 2 )/"_ =il
E i i HH""'-u.-\__,_ 3 LT ,i‘f'-'_'—_
aoz e, H
4 E
] Z
- =
EE S 3 :
bl ¢ i

[ . + =

bl & 1
T, -
E ' Hf.——-—-— — 1
ol HEE
L+ L ]
£ L al 2
f 3
ri i
E I
1 2 CRCR
n— i i o S L " T o % \ B
n n RZ 2 n .
sim mojzr Gy ereae; svmy tinger aeia fariaz]

Figure 33.5: Galaxy WKK 6679, {p,, — w ) and (R, — K] magnitude plots



22 CHAPTER 33, GALAXY WKRK 6670
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Appendix A

Selection of Utilised

Abbreviations

Table A1 Abbreviations used in this dissertation,

Abbreviation  Theseription

AAD Anglo-Ausiralian Obsaeevalo u-;-.
A Abell, Corwin and Qlowin
ADL Analog-to-10eital Unil
Bl Behined The Plane
ClZA  Clusters in the Zone of Avoidaneo
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Abstract

Ohservations of nearby large-scale structures in the Zone of Avodance have re
vealed a number of impartant findings. Amangst these were large-scate structures
like: the Maorma cluster and the surmised Narma Supercluster. Howsver, various
difficultios arise when extragalactic objects are investigated close to the hand of
stars, diest and gas that form the Milky Way, The maost severe of these probrems,
star crowding and Galactic extinction, are analysad in this study. Stars super-
imposed on a galaxy can cause significant deviations in the established surface
brightness profiles of these galaxies. Furthermore. the light received from these
galaxies is reduced by the increasing amount of dust and gas in the line of sight
towards lower Galactic latitudes, In this stucdy a set of thirty elliptical galaxies
in the central Morma cluster region was analysed by means of high guality opti-
cal ang near infrared observational data, It is found that the determination and
application of a pixel mask for interfering parts in the image oflers suflicient’y
good results for moderate numbers of foreground stars and with relatively it
tle effort  For heawy star crowding and awkwardly positioned stars or even other
galaxies close to the investigated galaxy, a more accurate method was developed
the stars were modelled with a point spread function and thereafter subtracted.
Subsequently, the (R, — ) colour {which is relatively insensitive to the choice
of Galactic reddening law) and the colour excess were obtained These were then
compared with the most commuonly vsed measure of extinction, the DIEBE/IRAS
dust maps. The latter are, however, poorly calibrated at low Galactic latitude
and are helisved to ouerestimate the Galactic extinction at 1ower latitudes The
resilts obtained here do in fact shaow that the DIRBE/IRAS dust maps already
slightiy overastimate the Galactic extinction at the position of the central Norma

cluster region.
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Chapter 1

Introduction

This is the third part of three parts 1o which this dissertation is divided into.
Hewever, similar to Parl L1 1L s considered to he omby an attachment te
Part 1, The first part containg all details abont the subject. data, analysis,
results and the discussion. The sccend part contains ploty and nages of the
galaxtes whicl were ivestigated, These plots and hnages are nol necessary
[or folloswing the analyais aned results shown in Part cne, hut they nometheless
offer information about the anabysis that was applicd e the data and can

pive more details aliont the galaxics that were processed.

In this part of this dissertation, more detailed information aboul how the
data was processed and instmuctions on ow o conduct snndlar investisations
are Fiven, This part is thus ealled the ‘Data Reduetion Manual', I &5 o step
by step guide throngh the processing, In connection with Part I, the given
deseription should enabile the reader to appty the the deseribed techniogues
tir oy kind of data, Al refercnees made Lo direetory strnctures or lile names
in this manual are the omes used by the author, but are chosen entirely
arbitrarily and nay be adjnsted.  For mere ndonnation, g on the data
that was nsed For the analysis, Lhe reader 15 referred to Part 1T and 11 of this

dissertalion,

All commands and tazks deseribed in Chapters 2 to6 are Timnge Reduction
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and Anaglvsis Facility' {TRAF)? commands, excepl where glated otherwisc,
Siilarly, Chapter 7 containg MY commands.

I is advisable to save and load the parameters of the diflerent the THAE
tasks, 1o assure that parts of the data reduction ean casily be repeated again
at, a later stage, if necessary, By using [or instance epar el ipse and then
;w ellipsel,par from within epar, the parameters for the ellipse task
can be saved into ellipsel par. The saved paraeters can then be loaded
al o later stage by entering r el lipsel.par from within epar. To make
the saving of parameters easier for the DAOPHOT package related funetions,

one 15 advised 1o look at the setimpars function (Davis, 1994},

LIRATF isdistributed by the Nafivaal Opticel Asfounaomy Ohseruatories, which are aper-
ateed by the Assoetation of Universitees for flesearch in Astronom, frco umder covperative
agreement wich the Natiowal Seience Foundudion (Tody, 1086, L8653,

See alsar Tty fral oo eduy

“For a deseription of ahbreviations used in this dissertation, the reader is reformed to
Scction A dn the Appendix on page 87

LS was previonsly ktown as Superdonge, see Lupton and Monger (1997)



Chapter 2
Preparation

To be able to apply the data reduction described in cthis manoal, one hios to

prepare the images and cotleet information for each data set.

L. By using imexamine and the ,-kev or the a-kev, one can determine che
centre of the galaxy and some initial values lor the position auele and
cllipticity of the galaxy. Thiz information is needed later in Chapters 4

Lo 6 for the fivst initial fit of the saphotes.

lsing imexamine and the r-kev or the a kev on a series of bright, but
non-saturated stars will give an estimate of the FPWHM [1 15 the last
nmmber stated on the very right. Witlh imexamine and the m-kev, the
backeronwed count-rates for ench Image were decernined, Ao tew difler-
cnt positions o the backsround ol each uage, Leo i bevwesn the als
jects like stars and galaxies, a measurement was taken with imexamine
and the m-key. This also gives the standand deviation of the backgronnd
(stddev or o), whicl 18 needed at o later stoge,

(Optional) One could compare this measmred g-value with the pre-
dicted walue, by usiug

e (—):x_"f—_
\JIJ Fi s ;

LPull Widlh of Half the Maximum of a two-ditncnsionad Caussian fit to a star,
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where = is the measured median sky value, g is the number of photons
per ADTF, ie the efective gaiin, and » is the effective readont noise

{RONG (Davis, 1994, page 271

2. For cach tnage. sabtract the background count 1ate. using iraritn, fo

bring the backsrownd counts to zera.

3. U necessary, Ax the header information. Dae to the lack of kevwords
for the readout noise and the gain, this wag necessary {or hustanee for
eaclt of the WFT images. The keywords egain and eren were entered
manually into Lhie header. using hedit. The values for cach chip were
taken from the WFI [ser Marue! (Baade, 1999, page 20) and as the
luages containing the galaxies consisl of cithier four or five combined
expousites, e effeciive values for gain and readout noizse were calou-
lated according to the formula for using a median combination method
(Davis, 109494, page 20):

- 2N ;
gain,y - —— - #ain .

o

RON.r -/ =5~ -RON .

where & is (e namber of hoages combined,

4. Using the task imcopy, one should ent ont smaller snb-images ont of
larze images, Like the ones tlad wore taken wich che WRL strument,
(Baade. 19949). These sub-images should be contred on Lhe galaxy of
imerest and the slse may vary according to the size of the galaxy, for
instance between 800 - 800 pixels and 1600 - 1600 pixels. The galaxy

slintld e well inside the borders of this snb-image.

Ao Open and view the image with D89 (o visually determine the diameter
i pixel of the largest unsaturated stars. From this diameter £, one

can caleulate the pst-rading vpsr needed later:

L= (2erpgp) + 1

2 Analop-ro-Theital Unit



6. The names for sowne kevwords in the FITS image header need to be
identified, The FUL'S inage header can be viewed with imhead, and for
the WIT images, the following kevword naines were copied down from

the corrected FITS image header:

e ilter: filter

s (Ohserving tivne: date-obs

o [Lllective]® exposure time: exptime
s (Elfective)? airmass: cairmass

+ Readout noise: eron

o Guln: cpaic

Tar ]n.vng exposures, say longer than aominnte, the exposace time fir the WFEI is
vonpsidered being equal the effective exposore time, see the WET Dser Moo {Baade,
1994, pups 4)

AThe used WFI FITS lmapes are a eombination of several exposures and e offective
atrmass wis cabenbated for vhe sl exposere Laken, Sinee all exposares were laken o oo
consecutive order, the airmass is thought to stay nearly constant dising the observation
af euch WEI field hal was abserved. For fuether information on the W1 oheervations

arel WL specific dave reduction, vhe reader is eeferved to Part 1 of this dissertation.
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Chapter 3

Sigma-Clipping

To be able 1o apply any of the in Chapters 4 to 6 described data reduction

methods, one first has 1o produce a rongh galaxy model which then has to

he subtracied from the origpinal lage.

L

Display hinage wkk5920_ks_orig. fits using display. It will probably
look somewhat like Figure 3.1 an page 8, which is the tmage used to
demonstrate the effects of the Sigma-Clipping (7-Chppmg) and the
Inproved Point Spread Panetion Fikting (2P8E-Fithag) methods o

this Chapter and Chapter G, respectively.

linler zero as backpgrownd value into bradel, or il the backpround was
not subtracted as suggested in item 2 in Chapter 2 on page 4, encer the
in Tren 1 in Chapter 2 on page 3 previously deterinined value for the

backpround count rate inio bmadel.

(Optional) Check the value by using imexamine and the m-key,

Check and if necessary enler paranwclers inko ellipse or associated
paramcier files. The nelip, uselip and lsclip parameiers are the
rielevant paranelers for using the ellipse-internal e-clipping, vaciip
and 1sclip are the upper and lower a-clipping limits, respectively and

nclip sives the nuber of o-clipping ilerations,
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Fignre 3.1: Galaxy WKKO8 5920, original K. baud image.

innegrm = poan

reglon = NG

nclip - Lo

ubelip =8

leclip =12

SMA = 10

inpil it 3157 NS 5 1
OREPUL  — i SseuWucxtab

4. Enter the following initial parameters into the ellipse task. cllipd
and pal can be token from the results obtained i Trem | in Chapter 2

ok pretge s

i =

i
ellipd

pall T
hellip - no

bpa - oo



hcenzer oo
xylearn — yes
recents = yos

e EM A

5 Run ellipge andd then bmodel on the resulting table, using the saue
background count vabie as used o Ll 20 Adjust the parameters i
Ttens 4 and the backorowmed value o bmoede | and re-run the el lipse
ared bmode ] Lasks uuril the best possible it is achicved. [6 s advisabile
Lthal the maxSMh parameter mentioned o e 4 s set Lo somne large
valnue, to ensure thal the palaxy 13 mwmodelled well nre the backgronnd.

The walaxy maodel should look like Figure 3.2 an page 1.

0.0

Fignre 3.2: Galaxy WKKAHR D2, #-Clhippiag model of the palaxy as pro-

dueed with the ellipse- and bmodel Lasks,

Lse the izoexam and izoplet tasks to examine the ol Lipse resiis.

Tt may also be necessary Lo change the values for nsclap and 1sczip

and even the SMA parameler wentioned o Wen 3

6, Buablraclt the model [rovo the orginal mase, using imarith,
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7. Re-run Hems 4 to 6 and adjust the values i Iem 4 aml the backgronnd
connt value in bmedel until the palaxy model 18 as good as possible,
e in the resubiue imege from Ttem 6, the lkast possible remains and

artelacts are visible. This gives a result sirnilar Lo Figure 3.3 on page 10.
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Fivure 3.3 Galaxy WEKIKO2 53920, original imare minus the o-Clipping galaxy

modlel.

Tt may be necessary o reduce the maxSHA value in Trem 4, if the galaxy
tinacdel ds clise o the edge of the fmaee and the edee is inchuded into
the model, whicly iv i preferred not too However this is al a later stage
riy be raised again, before the remodelling of the cellipse, Le. [or the
Star-Mosking method iu Ttern 2 on page 39 in Chapter 5 and for the

PEF-Fithing in [lemn 2 on page 32 n Chapter 4

8. Clapy Lhe resulling [ile inro a new file, nsing cp and display this file 1o
brods sl residuals in the cenlre of Lhe subtracted palaxy.

Also look for a free part of sky without stars or lines to cul out, Use
this part for patching the cenwre of the subtracted galasy with incopy,
tor ecatrnple:

clz ameopy 1k _nog, £fits[200:290, 140 160] 1 k_nogcen. fata AT3:960, 250270



1
Alternatively, one can use imedit to edit the remeains lefl 1w Lhe centre
of the galaxy after subtraciion of the waodel

The vresalting “clean’ image, ie. without the galaxy, will look like Fig-

are 3.4 on page 11
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‘ . 4
. -
20,07
- = < e - .

Figiure 3.4; Galaxy WRKES 5320, resulting ‘clean’ image without a trace of

the galaxy.

One has Lo look carelully for stars near the centre of the galaxy, since,
for further processing of the images in Chapters 4 to 6, they mustn't
be remeoved from the centre. This is for instance done by displaving

the image with a large range m che connd rate;

cl> display 1 E_nogoen.fizs 1 zr- zs— zi-300 @3-20000

Here the paramelers z1 and z2 have (o be adjusted according Lo the

brightuess of the galaxy.

Alternatively, one can nse 259 to open and view the image and Lo

adjnst the count rate.
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Chapter 4

Point Sprecad Function Fitting

4.1 Point Spread Function Dectermination

1. Make a now chrectory and copy all relevant files obladued from Chap-
Lier 3 intar Lhis direclory, e, the inage, here 12ub0701wkk8600 fits,

Enter Lhis directory.

2. Display the image using dispZay. It will look like Figure 4.1 on page 13

Figure 4.1: Galaxy WKRKY: 6600, original R, band image.

L3
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3. Run ieexznine on the inage to el some values:

Uk 4 lie w-kew o the bigpest, unsaturated stars to gel the FWIIM,

Zoom into the picture amd estimate the radius of the higeest, not

o (la]

L% the manber on the very right side
-

saturated siars,
L

histoeram plotted,

1. Enter the following paramelors nto datapars, daopars, conloerpars,

Trwe the h-key Lo gel the rough sky valne, e the maxiien of L

fitskypars, photpars and fiadpars:

davapars . fuhrmpaf
dataparz sigra
davapars.dalanin

davapars.dalanax

dacpdrs, eXposuT
dacpars. airmass
dacpars. filter
dacpars . obstime
dacpars, ¢odread
dacpars. gain
dacpars.recenter
dacpars. Titeky
dacpara.filrad
dacpars pufrad
dacpars . maxgrou

dacpars. maxnsia

conlerpars. cocx

conlerpars  caloorithn

=20
G000

exptime
CAITIASS
filter
data-obs
ron

imn

4 0o
o ]
m

[

et
i
b

15
190
20000

[LeaZIe: |
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fitskypars. annulus =

fitskypars, danmiln -

photpars ., apertur &

Findpars. Lreshed

Here sigma is the value for the standard deviation « (stddev] laken
from Item 1 on page 3 i1 Chapuer 2, fwhmpst = the [l width of
the halt maximuon (FWINM) lrom frem 3 oo page 14, The value tor
datamin 1= Ll minimum valid data connt rate and siolaely e valoe

[or datamax is the maximim valid data conul rate,

Whichever of either the FWHM or 3 pixels 1s groaver, 11 15 ased as the
vilne [or fitrad. The psfrad value is lor [aint star and it snav be
necessary o se o dillerent value,

Tor the cbox parameler, twice the WM or 5 pixels s ontered,
whichever 18 areater, and {or anniing and dannulus four fimes the
FWHM are used.

Apain, the larger value of either the FWILIM or 3 pivels is nsed for
the apertur paramcter, awd 3.0 s colered a8 an luitial goess for the

trashold value, This value needs 1o be adju-ted thoush.
Futer coloz=204 1mla tvmark,

To locate the stars i1 the ase, ron daofind oo vhe bnase with the
Larl L
galaxy model subtracted from the original image, as desevibod in Chap-

Lerd, v, s o wo, cninmedeen. £its.

Uising display, view the .. cw. . _minmodecern. fits image withont vl
aalaxy in [rame 1 of 2590 This aee rosulled fromn applyine Lhe o-
Clipping method described it Chapter 5 om page 7. Notice however

that in Lhis chapter, the galaxy and the nstrmment are different to
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thi ones nsed for Lhe descriplion of the a-Chpping. The image will

reseinble Figure 4.2 on page 16,

Figure 4.2 Calaocy WKE9S 6600, ‘clean’ lmage without the galaxy, from

applving the o-Clipping described in Chapter 3 on page 7.

5.

=

L

11

Use tvmark 1 s...w...minmodcen to display the coordinate] . coa] lile

aund therefore the found stars.

A dillerent number of stars will be fownd at the edpes of inages [or the

different parts of the combined mnages, due to the dillerent noise,

For some reason, tvmark sometimes plots points al the edge of the

screen, thatl do pot represent the position of auy objects,

Adjust the treshold paraneter mentioned m e 4 to fod as many
stirs, vier as little noive as possible tn the area in which the galaxy lies,

sued re-ri sequence from Item 4 if necessary.
Diasplay immage s, . v, . minmedeen. fits using display.

Use tvmark 1 &...w...miumodcen iunterarstive+ to display the stars
in the coordinatel . coo) fle and 1o be able Lo interactively include or

exclide stars from the set,
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Check for and include stars left ont close to the eeulre or very brigl

stars on the galaxy, using tvmark:

o Use the 1-kev to mark all found stars o the coordinate lile on Lhe
display.
o Move cursor to desired unmarked objecis and Lype a, type d for

deleting unwanted aljects.

& Type g o quil.

i2. Rnw phot =...w...winmoedcen lo get the magnitudes of the stars.

13, Sort the stars in the resubing maguilude file from e phot lask iuto
five bins of diferemt magnilade:

CL¥ PEHELECT H.:,%. . min~nduen.zag. ] soo.@. . .|||mrtr.mag.1 L THRLE R N TH D
&k MAD 2 R1L.07

—

cl> pzelect B...¥...mwinmodcen.mag.l £...%w.. mmc=.mag. > "MAG ‘= INDEF
Li MA3 »= 180 &F MAG < ZZ 0"

PR

cl= pzaelect 2., %, mimmodcen.mag.l &, . .%,, mmcb.mag. 1 "MAG !'= ZHDEF
ki MRS < 18,0

clx pEalect 5,..W, . minzodess mag.l os,ow, oomcfz.omag, i "MAG !'= INDEF
L oMAn 2= 1807

LN

clE pHelant 82, ow, L omin2odoen g, A I'mh.lnng.] “MAG - THTIFEM

—

In this case into three hing for bright (MAG < 18}, medium bright
(18 < MAG < 22) and faint (MAG > 22) stars, and two bing with
the [aint and medinm bright together (3AG = 18) and with all atars,
except the ones Lhat are not delined.

Tl range of Lhese bins has to be adinsted. To do this first display
the bright atars with tvmark and then the Gind ones (leaves ot the

niid-range bin) and see from there.
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Re-cisplay image isub....fits using display and mark the [aint

stars, usig tvmark s...w. . mmef omag. 1
Enter protfile = 5., .xmmclmk omapg. 1 It pat.

First run of psf-function

Bun psf s...minmodcen to produce a point spread function (PSEF) fu
the faint stars. Make sure beforehand that psfrad in daopars is set to

a value of ~ 15, [or the fuint stars, Choose at least five stavs.

o (hut ol the macked stars, position the cursor an one of the bhrigltest
mves. with as few neighbouring stavs as possible and press the a-
kesy.

To view different plots, use the e-. r- and m-kevs, [or the plot with
the w-kev, one has furtler options, using the w-, e-, s- and n-keys.

e T reject the star, press the d-kev and to accept the star press the
a-lkey again,

» lo list all psf-stars, type 1.

o Tou see the residuals for a star, move the cwesor to that star and
tvpe 5.

s o fit the ST, type f.

o When dene with selecting stars and fitting, press w to save the
IE,

»

To guit, type g

(Optional) To view the PSF-image, one can nse the seepsf task. A
set. of PSF-images is shown in Figure 6.1 on page 46, Although these
were obtained i an iterative process, nsing the (PSF-Fitling method
as described i Chapter 6 on page 43, they pretty much resemble what
the PRI -images ought to look iike from the iterative process describd

in this cliapter.
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17. Enter the following paranicters inlo group, neter and sabstarn;

group. inage = B, .milmedeen
group.pactfile - 5..mmelomeg-l
nstar. imago - 2. _minmodcen
subzter. imapge = g, . .ninnodcen
subatar photfile - = .. . nan.l

18, Run group, nstar und substar 1o subtract the faint stars,

19, Display the resulting image s, . .minmodeen.zub. 1. fitg with the faint
stars subtracted, using display and see il Lhe stars are well subtracted,

It will laok like Figure 4.3 an page 19,

Figure 4.3: Galaxy WSS GGOD, Image with galaxy and stars subitractod,

after the first iteration of determining an appropriate PSE,

20. Mark the niediuni-bright stars, using tvmark s.. w.. .mmcom.mag. 1.
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Eiter image = s. .. minmodeen. sub. 1 into psf and psfrad — 30 wto

dacpars, {or the medinm-brighl stars. The psfrad value, however,

neces to be adjnsted.

Sceond run of psf-Munction

Ruu paf to produce a point spread function (PSF) for the medin-

bright stars and chioose at least five stars:

Ot of Lhie marked stars, position the cursor on one of the brightost
ones, with as few neighbouring stars as possible and press the a-
ke,

T view diflorent plots, use the o-, r- and m keys, for the plot with
the m-kev, one has further options, using the w-, e-. s- and n-keys.
To reject the star, press the d-key and Lo accept the star press the
a-koey again.

T st all psf-stars, type 1

To see the resicdnals for A star, wwese Che enrs=or Go bhal star aned
tvpo 5.

Ta fit. the PSI. tvpe £.

When done with selecting stars and fitting, press w to save the
PSE.

Ter pait, type q.

(Optional) To view the PSI image, one can use the seepsf task,

23, Lnter Lhe nllowing paramelers into group, nstar and substar:

group.oefinags s...mimnodcen,sub.1.paf.d

group.photfile . .. .mmcfm.mag. 1

nstar.zsfinape s._.ominmodeon _zsub, 1.opsf 1
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substar . pefirage = ... .minmcdoen.sub. 1. pst ]

sibstarcakabfidn = e ineha

24. Run group, ratar and substar to subiract the faint and medium-

v ik stars,

25. Display the resulting image s. . .mirmodcen. sub 2. fits with the faint
and medium-bright stars subtracted, nsing display and see if the stars

are well subtracted. It will look like Fignure 4.4 on page 21

Fignre 4.4 Galaxy WKK98 6600, image with galaxy and stars subtracted,

alter the seeond teradion of deterniining an appropriate PSE.

26. Mark the briglt stars, using tvoark 2. . .%.. . mmck mag. L.

27. FEuter image = s.. .ninmodcer.sub. 2 into psf and psfrad — 42 iuto
dacpars. for the medium-bright stars. The psfrad walue, however,

necds to he adjnsted.

25 Third run of pzf-function

Bun psf to produce a point spread funetior (PSF) for the bright stars

and choose at least Ave siars;
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e (ut of the niarked stars, position the cursor on ene of the brizshtest
ones, with a8 ow neighhenaring stars as possible amd press the a
liev.

Ta view different plots, use the ¢-, r- and m-kevs, [or the plot with
the m-key, one has further optious, using Lhe v, e 2- aiud n-kevs.

o Toreject the star, press the d-key and to acoept the star press the
a-key again.

o o list all psf-stars, type 1.

o To see the residuals for a star, move the ewrsor Lo thal star and
B LA

o To fiL the PSI, type .

o When done with selecting stars and fvting, press w 1o save the
PSE.

o To quit, type a.

i Opticual) To view the PSE image, one can use the seepst Lask.

249 Futer the following parameters into group, nstar and substar:

sroup.pefimags = 3...minmedcec . sub.d, pef.l
group . vhotflle = B.,..macim.aag. 1l

nstar. pefimags = 3, ..0inmodcec . sub 2. psf. 1
gubatar.uefimage = g. . minngdceen. gub. 2. paf ]
sabstar.thotfile = s....nst.3

A0, Bun group. nstar and substar Lo subtract alt stars, except thie not

defined anes.

31, Dhsplay the resulting mage s, .minmodcer, sab. 2. fits with almost
all stars subtracted, using disvlay and see il the stars are well sub-

tracted. [Lowil look like Figure 4.5 on page 23,
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The image might show obviows residuals,

Figure 4.5 Guolaxy WIKIKDE 6600, jmage with galaxy and stars subtracted,

after the third iteration of determining an appropriate PSE.

4.2 A bcetter Galaxy Model

L. g subzlar on the original image 1snb. . fits to subtract all stars.

except the nob defined ones.

2. Display the resulting image isnb. .. .sub.1.Zits with almost all stars
subtracted frow the origiual tinage, using display aud see i the stars
are well subtriacted,

As there are probably “holes’ bl ealaxy sl some obrsions restdaals,
re-Tin substar, Using asnwullor psZrad in daopars, for lnstance o valie

ol ~ 15,

3 If substar was re-run with a smaller petrad i dacpars, redizplay the
resulling inage isub. ... gnk. 2. {ite with almost all stars subtracted
by using display and see il the stars are well suburacted. 1t might ook

sitnilar e Figure 4.6 on page 24,
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Figure 4.6: Galioy WIKK92 GG00, original image with stars subtracted.

4. Enter parameters into ellipze or associaled parameter files:

regicn
nclip
loput

cutput

nc
50

isub, ., .sub. 2
isubk. .. .2ub. .2 fab

3. Confirm the following parameters in the ell:pse tashk:

xil

P,
el>ipd
pal
bellip
hpa
hcenter
xylearn
recents

naxsKa
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. Run elilipue, adjust the parameters in item 5 and re-run the e1lipac
task until best possible fit achieved, e with ne ar as little tings’ aud

artefacts visilale ol B ons possible,
[Ise izoexam- and isoplot tasks ta examine the ellipse-results,
{Optionaly One conld nse the tread task, to look at the non ASCTE

tablis Zzuk. .. .2ub. 2. tab: use "D and g to leave the displaved table.

. Enter the tollenwing parameters into the brodel lask and thien run el

task, The resulting wodel could look like Figure 4.7 on page 25,

_nput = izub. . .=2nk.2. tak
output = ilgdb., .model, sub. 2

Fisare 4.7 Galoxy WIKIKSE 6600, palasy znodel aller suldrocting e stacs

using the determined 51

d. Snbtract the madel froan che original Jumae:

c_x fzavzth isud., . .faza - ivuabDo, . moedel,sun .z fits isun. Zinmad. sub, o fits
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9, Display igub. . .minmed.sub. 2.fitz, il necessary, adjust the back-
ground value and other paramoeters and re-run brodel and cllipse

The resulting image could look like Figure 4.8 on page 26.

Figure 4.8: Galaxy WK 6600, iinage after subtracting the galaxy model

and the stars using Lhe detennined PSE.

10, Copy i=zub. . .minmod. sub.2.fits into izub. . .;minmedeen. fits aned
lok at residuals in the centre of the subtracted galaxy and for a ‘free’
part of sky without stars or lines to cut out that part and to use it for
patching Lhe centre of the sublracted galaxy, for example:

cl=> amcony 1aul. . minzod. aul. 2. rius[TO0:TA0 A8 A60]

izub. . ominmedces . £1ts 7700860, A5G0 AT

11. Lise display ro display isub. . minmodcen . fita and check if the cen-

tre: is properly subiracied, as in Fignre 4.9 on page 27.

4.3 Establishing Median and Pixel-Mask
b Fater imape=igsub. . mincodeen.sub.? inlo substar.

2. Run substar to subtract all, except the not defined stars,
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Figure 4.9: Galaoy WEEKYs 0600, new "clesy” hmage willh stars and galosy

subtracted. after subtracting the galaxy model and @ le stars using tle de-

Lerined PSE

3.

[}

Lisplay resulting image isub. . minmed.sub.2.sub. 1. fits with al-
most all stars subtracted, wsing display and see if Ul stars are well

subtracterd,

Copy 1sub. . minmed.sub. 2, sub. 1.fits into

lwab, . .rminmocdcen, fits.

Display this lile and took al resicuals in the centre of the subtracted
ealaxy.

Also look for & free’ part ol sky withoot stars or nes to cut out that
part and to use it [or patehing the contre of the sulitracted salasy, for
exariHe:

R omenpy csuhe o ominmed, sub, 2 osub, 1 £AE 5 (TO0 TR AL AG0 |
Pk omismedgnn . Dies (Y70 560,300 3700

Use dispiay to display isub. . minmedeen. fite and clhieek if the cen-

tre is properly subtracled, as in Figuee 410 on page 25,
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Figure 4,10; Galaxy WKRKYS 6601, new ‘clean’ image with stars and galaxy
subtracted, after subtracting the salaxy model and the stars nsing the de-

terruined PSE

7. Run median on the file isub. . cminmedecen. fits. wlhich will resuly in

an mediau-image sirutlar Lo Freore 4,11 on page 28,

o0

Fienre 4.12 on page 29 shows the palaxy- and star-subtraciod limage

isub. . .minmodcen. £its with Lhe median sublractod:

cl¥ amarizh 12wk, . minmodcen.fita - 1sub. . zedian.fits isub. . .zmomm.fits

—

9, Copy igue. . .mmecmm.£itg icio isub. . .mncmmbit, fits.

10 Tuke the sipma from [kem 1 oo page 3 1 Chapter 2 and use abont
~ 3-a as threshold for pixels above and below the backgraimd noise to
be: raised to 63000 comnts (for example 0 = 8 = lower = upper = 40):

cl> izreplace isub. . . cocmmoit. fite GHO00 lowar=43

cl> izraplaoce isub, . . c=cmmbit, Zits GOOOD uppear=-40)

1> izmreplarne isubk, , cocmmbit, ity O cppar=d4d
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Fignre 411 Galuxy WIS 6600, mediar image obtaired from the image

with subtracted stars and galaxy.

Figure 4.12: Galaxy WKEKYS GE00, the galaxy , star- and mediu-sablraeclod

inage.
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] Display fsub. . cmmcomb: b and redo seqaence from item 9 onwards witl
a shightly differsur factor before g in itemn 10, i weeessary, until mest

ol 1he stars bl as little noise as possible 13 inctuded.

Fizgure 413 Gadaxy WEINIS 6600, the pixel-mask detived [rom the uage

with the paiaxy model, stars and nedian-hnage subiracted,

12, Chauge parameters in ccdmask and use the same root name for the
mask as for the mage o which the mask should be applicd to

lizub. . .wkk. . mmask fit):

imape = isub.. . bit

mask = 1gub.. wkk. . . mmask
ngcod =1

nemed T !

nlmed = 70

ncsig - 150

nlsis ]

13 Run codmask, i possible ay a background task. as it takes quite long
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14, Subtract the median from the ‘original-luinues-stars’ image, See Mg

ure 414 om page 31 {or a vesaliing g

£l imarilh disub ., owek, onok R0y imchl s cmenlian . U A faul. . cnzaek. it

Use Lhree characters after the last dot in the resuliiong file,

Figure 4,14 Galaey WEKEK9S 6600, original tnage with stars and the median

subtractod.

4.4 The final Galaxy Model

1. Futer parameters nfo ellipse or associaled paranuder files;

rapion — ¥as

noeip =0

inpat = isub...mmask.Lit
oulpul = ienb._ . final. tab

The input [le with three characters after the last dot.
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2. Confirm the following parameters i the ellipse Lask;

pod] =
¥ =
ellipl =
val =
hellip =

Inpa =

hcenter

xylecarn

recente

TaxsMA =

3, Bun ellipse. adjost Lhe parameters in item 2 and re run the ellipac
task until best wossible fit achieved, i.e. with no or as little visible ‘ringy’

s possible.
Use izogxan- and isoplot tasks to examine 1he ellipse-resnlts,
Repeat trom item 12 on page 30, if necessary.

VOptional) One coudd nse Lhe Lread Lask, to look at the non-ASCIE-
table isun. . wkk.. .final._tab; use "D and q to leave the displayed
Lalale:,

4. Enter the following parameters into Lhie boodel Lask and then run the

task. The galaxy model shonld Took like Figure 4.15 on page 343,

inpat igub , final.tab

oualout, = igub, . finalmodel
3, Subiract the model rom the original image:

cl> imarith r1sob. o final file - dnnbe o fizal-vde! . lics isob. o Finminmoed. fits
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Fipure 4,153 Oalaxy WIKEKDS 6600, PAE-Fifloeg model of the aalasy as pro-

dueed with Lhe ellipse- awd bmodel lasks

fi. Display isub.. . finmiancd, lits, i necessary, ading the backeround

value and other parameters and re run bnodel and ellipace.

Repeat from Ttem 12 om page 3. i necessary

. Enter parameters into tdump:

tahia = 1guab. . finai.tab

cdlile = teuabess Tioakaocd

plile = igub.. {final.p

datafiz = id=zuh., final.dat

columns - sma, ilotens, int_err, eliip, ellip_err,

pa, pa_err, tilux_¢, npix_c, ndata, anflag

% Rnu tdump witl: datafil=isub...final.dat to create the ASCT]
table [ov Inrther analvais with the Saf-seripts deseribwd in Chapter 7
B page T
(Optional] One can use the tereate toask to make s complete ASCTL

table oul of Lhe L oed, Lhe oL Lp awd the L Ldat files produneed by
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Figure 4.16; Gulaxy WEKIKUE 6600, original image minns the PSF-Fitting

galaxy model,

tdumi,



Chapter 5

Star-Masking

2.1

I.

Pixel-Mask Determination

Copy the files 2. . minmodcen. fits and isub. .. . fits inlo a newly
made usemasking dircclory, Luter thig directory and do all further

Star-Masking caleulations in this divectory.

Copy the Hle s, . .minmodcen, fits Into 5., .minmodred.fice This is
the residling image from the o-Clhipping in Chapier 3 on page 7. Nolice
however that in Lhis chapter, the instrument is different. o the ones ased
for the description of the o-Chipping. Also copy the original wmage
isub.. .wkk....fits into 1sub...wkk... . fit (three characrers aftor
the last dot), These images may look similar to the anes in Fisare 5.2
an page 36 and Figure 3.1 on page 36, respectively.

Use about 5.0 (sigmna from itern | on page 3 in section 2) as Lhreshiold

for pixels to he raised to 6300 counts (for example 7 = 3 — lower =
upper = 445

srimreplace .. minzodred. tite G000 lower-44

*»rimrevlaze s, ..minzodred.fizs O upper=Ls

33
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Figure 3.2: Galaxy WEKKY8 5920, ‘clean’ image without the calaxy, [rom

applying the m-Chpping described in Chapter 3 an page 7.



PINEL-MASK DETERAMINATION S F

If the palaxy is close 1o the corner of the picture and rhere is an ‘arti-
ficial’ edge, due to the combination of seversl shilled nages nto one
Bage. Lhis cdge mmast be masked oul, uzing an appropriate value lor

pper.

rimreplovs s, ominmedrod, Dieg HR000 appee—- 200

—

This must be done before the second call of imreplace mentinned

whiryen

Dsplay 5. . minmodred and rodo sequence from e 2 onwards with a
slightly dilferent o L ivemr 3 until most of the stars bat as litdle noise as
possilde s included. The resulzing image wi'll look simnilar to Figure 5.3

on page 37T,

Figure 5.3 Galaxy WRKRO2 BO20. the pixel-inask devived trom: the image

with the a-Clippeng ealacey wode] subiracted,

%

Copy the ile s. . .mirmodred.fits inlo s. . .minmodredc fits.

G. Copy the sccond row of pixels in the Dinage uto the first row, as for

soze reason Lhe the whole [rst row of pixeis is roised to 65000counts:
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.:'.:'illll.‘:l.:E:-}' sioLeminsnedeed o P 120 221 L 1HR: 14201

B.omizmdssda T ina [0 201, 185 &R

oo the same for other bad rows or colmnns zoing Lhrongh the whale
image, as the codnask task doessn’t accept these values. TF however the
bad cobunns or rows go through the srea where the salaxy 1 o he
odelled, the lues are only Lo be remeved Jor the part oot needed [or
the galaxy model, [or instance the top and bottom 200 rows. Figure 5.4

on page 38 shows a4 resnlting inage.

Frenre 3010 Galasxy WKKYS 5920, the pixel mask derived {from the image wiile

the o-Clippng salaxy iodel sabtracted ane bad pivel-columns removed,

7. Enter the following paramcters iuto ccdmask and use Lhe saime root
uane tor Lhe mask as tor the image the mask should be applied Lo

plaub, oowalk, o fitah

. ..minmaodreds

imapge

mask = laub.. . .wki...

ngood
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lsigma =i
hsipma =5
nened - TG
nlned = T
ncst = 15i]
clsiy = 150

Multiply the values for nemed, nlmed. nesig aud rlsig by 2, 3 or 1. il
teceszary, o nask bie parls — like salaxies or satiatod skars — oat ol

tlee mage and Lo avold the anfinizhed stop of Lhe codmask task.

Be aware that each of these multiplications appears 1o be responsibe
tor an grow of rouglly a factor 10 o eatendalion rime of the ccdnask

task.

Run cedmask, if possible as o backeronned lask, as 10 can lake ap bo sev-
eral liours or even a day, dependent on the capabilizies of Ll computer
nsed.

D Lo Lleer lone calealation o, 0 sees reasonable to copy Fhe file
5. .. .minmodrede. fits anlo anoller compater, for nstance b usione
ftp, 1o mn the codmazk task on thet computer with the same param-
eters as in itent 7. The finished pixeblist file isut. . wkk, .. .pl can

then later le copded back onle your eotoputer for farther calentations.

The [inal Galaxy Model

Enter parawetors inlo ellipse or associated parameoter files;

TOREIOL = Y05

nclip - O

1l
i
L]
I
o
Fh
[}
i

ilrput

cutput = #.. mazsk tab

Clonliru Lhe followsng parancters in the ellipse task:
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CHAPTER 5. STAR-MASKING

xil =
¥ -
e 1apl =
Pt -
hellaip =
hoa =
hoontor =
Xy_sarn  ~

Texiern Lz =

aaxSMA

Run ellipse. adjusl the paratueters in item 2 aned re-run the ¢llipse
task until best possible fit achicsed, Leo with no or as little visible “rings’
s possible,

s izosxam and izoplet tusks to examine the ellipse-resules,
(Optionall One conld nse 1he tread task. ta look at the non-ASCI-

Lalble 5. . .w. . .mask. tab; use "D and g to leave e displayed tabile.

Bun bmodel willl input=s. . . mask. tat. sutput=s. . mmodel. Lab and
the valie berekgronng for 1the backgromnd conunrs adjusted, usnally by
subtractiom of aboul 10 of 1he previous valie,

Subtract 1he model leom the orlging] image:

srimerith asub. ... fi% - 5.0 oW, commovze’ iy & oo cxTmmmdd  Z1t8

Display s, . .9, - ominmmod. Tits and resenn iteans [rom T oonwards, if
necessary, for nstance when the mask a2 not camplete, change the

parameters in codmask 1o obtain o dillerent muasls,
Lt parampeters into tdomgs:

table
cdfile

.. .mask.tab

g, .. mask, od
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Figure b.0: Galaxy WIKKOS 5020, Star-Muasking wodel of the galaxy as pro-

dueee] wirh the ellipae- and brmodel tasks.

Fignre 5.6: Galaxy WEKEKYE 592, original tuage minus the Star-Masbing

aalasov 1model,
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pfile = as,,.rask.p

datafil = g, .. .mask.dat

col umng = sma, intens, int_err, e.lip, cllio_arr,
e, e, err, tilux_e, npix_<, ndata, nflag

A Run tdump with datafil-s. . .mask.dat Lo croate the ASCll-table,

(Optioual) One can use Lhe toreate task to make a complete ASCI-
talide ont of the .. . _zd. the ... pand the ... _dat fles produaced by

Tdums.



Chapter 6

Improved Point Sprcad
Function Fitting

6.1 TPoint, Spread Function Dctermination

l. Copy or rename the image of interest to sowe shorl naeee, like ko fite,
and move this lile into a pew subdirectory, See Figure 3.1 on page

[or an exanple of what the nage may loak like.
2. Mauake five [urther sabdirectories within the new subedirectory:

1_pstf _1iching
2_apply_killall
3_get galaxy model
4_apply_®xillall

b_gnb_palaxy_modol
3. Copy the file k. fits inte cach of these new subedivectories.
4. Fnter the directory 1_psf_fitting as the new warking-directory.

L. Check and, if necessary, enter paramcters into the daof ind. dacparsa.
datapars, findpars. notar, phot. photpars. paf sl substar pa-

runeter files;

A3
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daofird,verify = yes

deoflind uplate = yes
daofind verbose = yus
dacfind.image = k.noged

daopars.psfrad

daopars.fitrad

daopars. [unction = ...

datepers. fwhm - ...
datapars.sigma -~ ..
datapars.datemin =
detapars.datamax =
dalapars.cndread =
datapars.gain =
datapars.cxposur =
datapars.airmass = ...
datapars.filter - ...

datapars,obalime = ...

[ indpars.threshe =

nslar . verily yes

nstar.groupfil = k.roged.psg.1

natar. image = f.poged
phot . image = x.nogoed
phot . verify = ves
Prob. update - yes

phot verbose yes

phot. graphic = aldgraph
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phet display = gtdaimava
vholpars., aparlur =

waf.lmage = k.noged

pef verify - oyes

pal . gravhic = atdgraph
pal.disulay = =tdimage

paf . cefimave = k.noped.pal . L
paf srcupfil = k.nopgod . pag.

pul. opstfile k.noged.pst.1
substar . verify T yes
substar.photfile = dofanll

default

substar.pafimago

aubstar.image default

lun dasfizd on the k.noged iinage thal resulied fron: applving il
a-Clipping in Section 3 ou page 7. Figure 3.1 on page 11 shows such
aresult, Mack the [onnd stars witlh tvmark, 1o see il oo [ew or Loo
wany stars were fownd,  Adjust the findpars. Lhresko value above
atel re run dactingd, if necessary. One can also mark and delete atars
imteractively witl tvmark. i neeessarv, The onlput of tvmark can be

eotered as o parameler cutput wilhin tvmark,

Froter the FWIIA walue a2 aperturs radii inbe dacvhet . shetpars

aml run phot.
se peelect to selecd bright sty within o range of magnitndes and
displiy 1hese stars with tvmark,

One can use pstselect Lo [ind suitable PRF-stars Lo then display 1he

found stars witl tvmark.
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4. First. rim of osf-funcilion
Run osf with a fitting radius of around the PWHM value and a sinall
[SF rading, eg. 14 instead of 20 pixel, and seleet at least 5 PSI-
candidates without close neigtthours,

{Optionall To view the PF-lmazge, one can use the secpst task.

An example of the resulting PSE is i3 shown on the very lelt side of

Fignre 6.1 on page 3.

Fieure (.10 Galaxy WEKIKOS 5020, evalution of 2 PSE. From left Lo right,

regulting ['SI's after the [rst, secoud. third and fourth run of par are shown.

1 B lirst nstar and then substar on the k. noged [age witl the stall
PST- radding and display the resuiting xxx . sub. 1 image. Redo the PST

isee Previous step] it stars are not nicely subtracted.

11, Delete the xxx_ zub. 1 file and retnove the PEF-stars from within the
r.moged. nst. 1 [ile, hy comparing the listed information with e -
formation in the xxx.pst. 1 ile. Re-run substar and display Lhe resulu

tiy check. See Figure 6.2 on page 47 tor an exatiple.

120 Ener parameters o Lhe nstar aul pef paramneter [les:

netar. grouefil k.noged. psg. 2

vaf . inaug konoged. aub

cef . paotiile k.noged . mag. -
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Figure 6.2 Galaxy WKEKO3 5020, aller Orsl raz of zsl. The closest neigh-

Biours of the selected PSF-suars were removerd nsing the first PSF-tuodel.

paf . calimaco k.noged. psf.2

pal.groupfil k. noged.pap 2

paf.opstiile - k.neged. pst. 2

L3, Second run of ssf-function

Run paf again, Lhis tinw with the normal PSPradivs, eg. 20 pixel, and
s value [or the datanin parameter that is several @ smaller, since
Lhe subiraction of stars has added some ‘noise’ 1o Lhe toape. Use the

same PSF-stars as hefore {oll Hem 9 on page 46}, or a subsen thereaf,
(Optional) To view the PST-Dmage. one can nse the seepaf task

The second from the lefl Lage in Figpure 6.1 on page 46 shows an

vl

14, Tiun first natar and Lhen susetar on the k. neped image again wich
the nonnal PSE-radiug and amadler walue for the datamin paraineter.
Dizplay Lhe resnlling sxx . sub. 2 image and compare wicl: the privions

result fromn substar {of. Dlew 10 on page 46},



18 CHAPTER 6. IMPROVED POINT SPREAD FUNCTION FITTING

15. Delete the xxx . sub_2 file and remwove the PSE-stars [rom within the
r.usged. uet. 2 [(ile, by comparing the lsted inlormation with the in-
formation in the xxx . past .2 file. He-min substar and display the result

to check. See Figure 6.3 on page 8 tor an cxnple.
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Figure 6.3 Galaxy WKKYS 52920, after second ran of paf. The close neigh

boars of the selected Pab-stars were removed using the second PSEF-maodel.

16, BEuter purameters inta the nstar and psf parameter files:

natar.groaplil . onoped, pag 3

pef. image = ®w.uopaed. sub 2
pef.peilmage = K.uoged. paf. 3
paf.groupfil = k. nopod, psg. 3
pef. opetiile = Z.nagaed. pat. 3

L7. Third run of pzf-Tunction
Yel apalu, i psf. now wila wshghtly bigger PSF-rading, e.g. 26 pixel.
and use a value for the datanin pararneter thinl s now even sevoral =

sinaller than before, since the subtraction of stars again Las adided some
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‘noise’ to the image. Use Lhe same PSF-siars as before {cf, itewr 135 on

page 171, or a subscl Lhereof,
‘Optiouall To view the TPST dmage, one can use the seepst task.

Sec (.1 on page 46, secondd Brown the right. for an example.

1%, Rm: first nztar wid then subssar ou the k. noped image again with the
bigger Pab-rading and even amaller value for the datamin parameter.
Dizplay the resulting xxx. sub. 3 tmage and commpare with the proviens

result fromm substar (of. itomn 11 an page 17),

19, Delete the xxx. sub. 3 file and ranove the PSE-stars from within the
r.noged. nst. 3 file, by comparing the listed islormation with the e
fornzation in the xxxe, pes . 3 fle. Re-run substar and display the result

to checl. See Figure 6.4 on page 49 for an exanple.
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Fignre 6.1 Galay WHEIKGR 5920, alter tuird run of psf, Tae neighboors of

the selectod PSE-stars were removed using the third PSTTmndel,

20, Fourth run of psf-function

21. Delete obwvious remains and sinall loft over stars at the edges of the
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PSl-stars with imedit and save the rosuln lor exaople as kopefed,

Sec Fieare 6.4 on paee A9 for an cxanple,
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Figure 6.5 Galasy WIKEKOR 3920, after Lhe snrronnding, of the PSFoslars has

been ‘cleaned” wilh imedid.

22 Lnter paratneters inlo the paf parnncter [les:

psf. 1mape k.opafcd

k. psfed nef. 1

ps peEfimacge

pal . prousl il k-pafed. peg. 1

k.osfed ney .1

psz cpstfile

23 Wow run paf oagain with the sheltly bigpor PSF-radius and nse Lhe
several 7 lower value for the datanin paratieter, Use tle sate PSE-

gtars as belore (ol Moo 17 on page 181, or a subsel {hereof.
(Optionall Tooview dhe PSE-nase, one can nee the seepsf Lask.
Sce 6.1 on page 46, the image on the very right, for an exatple.

24 Now copyv the resulting k.oeled, psf. 1 [ile inlo the 2_apply_kiZlall

dircetory. Renatne iLinto kopsi.1.Zitg within the 2_apply_killall
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direclory, make a copy of the file and lahel the copy =.psf . 2. fins.

4_app oy _killall direclory

i~

Copyv the files x.noged . fits awd k.pars info llw 2 apply 211l1all

2_...-'1

directory . The x.opars lile can be typed in newly or taken [rom a

proviously worked on galaxy.

6.2 First run of Killall

1. Enter the divectory 2_apply_killall as the new working directory.

2 Euder all necessary information inwe a file k.pars. similar to the one

sliown liere:

datapars.scale = 1.
datapars. fwhmpsf = 2.25%
dalapars. cniasion = yos
dalapars. sigma = 6.7

datapars.datamin = 40,

datapars. datamax = 100G,
dalapars . nolsc = "polsson”

dalapars. cocdread — "ERON"

datapars.

detapars.

geln = "ECQAZH"

readnoise — O

datapars. epadz - 1.

datapars. exposure = "LEXPTIHLE"
detapars. airmass = "ATRMASS"
dalapars. f1ltaer = "FILTHR"
datapare obsatime = "UT"
datapars.itime = 1.

dalapars, xairmass = “HDEF
datapars. ifilter = "ZHNDLF"
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datapars . otime — “"INDEF"
tatynars.mode = "gl"

# EOF
find»ars . threshold = 3.5

findvars.naZgmna - 1.5

findpars . ratic

1.
Q.
findpars.sharplo = 0.2

Modpars. Lhata

findpars.sharpal
findparw.roundla — - 1,

findpars. roundaZ = 1.

l“ndpars.medetecticns = no
findpars.made = "1

# =ZCF

centerpars.calgorithm = "centrcid"

contorpars.chox — 6.4
canterpars.clhreshold = J.
centerpars.m_nsnratio = 1.
cenlerpars.cnaxiter = 10
centerpars.maxsaiflL = 1.
centerpars.clean = no
conlerpars.rclean = 1.
contorpars.rclin = 2,
centerpars.zclean = 3.
ceaterpars . mkceater = no
centorpars.moda = “g1"

# FOF

fitsaypars. salporithe = "mode”
fitsayuars annolus = 10.
fitekyopars dannulus - 10.

M Lgaynary, skyvaiue = 0.



.2 FIRST RUN OF KILLALL ond

Tivgkypars smaxiter = 10

Zitgkypars.gioclip

0
fitskypers.shiclip = 0.
fitshypars . anrcjeal. = &l
fitakypars_ sloreject = 3.
fitshypars.shireject — 3.
fitskypars.khis. = 3.
fitekypara. binsize = 0.1
fitskypars.smwooth = no

fitskypars.rexrow = O,

fitskypara mkaky ne

filskypars. medas — "gl"

# L0
photpars. weighting — "constanl"
pholpars  apariureg — "3 25"

pholpars . zmag - 25,
photpars, mkepert — oo
Photpars mode = "gl”

# RUF

danpars Zunction = "pennyl"
daopars.varorider — O
daopars.nclean = O

danpars._ sazturatod = no

daopars.matchrad = 3.

davpars. pefrad = 26.0
daoparg.Tiirad = 3.4

daopars.recenter = yes
daopars.fizeky = yes
dzopara_groeupsky = no
daopars.zannuius - .

daopars . wsannulus = 11.
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daspars. flaterr = G.75
daopars. sroferr = 5.
datpars maxiter = Lo
dacvars.clipoxp = 6
daszars. cliprangs = 2.5
daonars Aorgerad = IHIZF
dasvars. oritsnratio - 1,

EOCOO

daczars. naznstar
dagnars Raxproup = 00
dasvars . aosde = "gl"

# EOr

J0 Enter paramcters toto e k11Zall parametor floes:

2ilZal: directory = /

z2l.all.picture - k.reged
wldepndiE =dkeypeted
411541 . parz = k.paf.2
z21.all .paramszer — k.pars

kilZlall hox=ize

211zas1 bhordar

Eillall xzcontrao

killa’l.ycentre

L Run killall twice and look at the resnlling k. nopged . rmostr2 unage
as well as Lhe other images produced v kit latl. If necessary re-run
kitlal after adjusting the k111lall parameters and (e parameter
in the parameter lile kopara. For the boxsize parameter, use the
maxinnn value, ie i possible the size of the mnage, 1 Sozsize s
significantly smwaller than Lhe longest side of Lhe Image ta work on, Lhe
border parametor neecs to be larger than zero. the exact #ze has Lo

B establishied by viewing tle results.
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A set of resulling mages can be seen in Fignres G.6 Lo 6.5 on pages 35

to 26, respectively.
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Fipure G.6; Galaxy WHRKKGS 5020, Kaillall owipan image with all stars left o

the nage.

o

6.3

Clopy the k.pars file into the dircctory 4_apply_killal |l and copy the
files k. noped.nostr?, k.noged.alltita? and k.psf 2. fits into the

directory 3 get _galaxy_modal,

A better Galaxy Model

. Enter the divectory 3_get_galaxy_medel ax Lhe new working-directory,

. Capy the k.asged.aliiriLa? file into k. imedf ix and edil this new file

for instance with Frges. so Lhat the content 8 of the [orm 'z v O b
with the lasl row heing “0 0 0 o Here x and y are the coordinates of
the stars found by Billall T many stars woere fomd. i may be necessary

to select the brightest 1500 or so stars with th pselect-lunclion.

Frnter parameters nlo the imedit parameter [les:
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Fignre B.7: ﬂH:]ﬂ.‘ﬁ_:j' WHKO .E:_*Jiﬂ Killall outpit image with all stars re-
Hoved,

Figure 6.8 Gulaxy WILKOR RO, Fillall 01.1'1'..']_]1_11' image with the %k'-,
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imedin o input k. noeged. nostrz

imedit. cutput k.nostr2 ed

imedit, cursor - k.imedfix
iredit.dispilay = na
fmeditoaulediap = no
imadit radius =i iF

It s ninportant to set display amwd autodispl Lo no, sinee olhorwise

Lhies process will take a long time or may even hang up,

4. Run imedit non-inleraciively Lo remove Lhe remains [rom Lhe star-
recluction, See Figure 6.9 on page 57 for an example.

o

. 20.0%

Figire 6.9 Galaxy WEKEKOR BO20. after non-interactively ‘cleaning’ the image

using the imedit task.

FooBet the imedit parmmeters to Lheir delaalt values by nsing uniearn

anc enter new values into the imedi L parameter [iles;

iredit. input k.noslr? nd

imedit, oul.out k noatr2 . ed?
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imedit.cuarsor = &, imocfix
inedit.display = yes
imedit aatodisp = yas
imedit.radius = 7

G. Now run imedit nteractively to remeeve Lright stars and spikes ete.

See Fignre G010 on page 53,

S0

Fignre G100 Galaxy WIKKSS 5920, after teractively “cleaning’ the image

nsing the inedit tash.

7. Enter imarith % roges . rostr2 - k.nostrZ.ed? k.diff Lo produce
a file coulvining Lhe renaing left, see Figure 611 on page 59 lor au

Ayl

M. Enter new values o the substar parameter fles:

subztar. inage -k

subatar.photfile k.noged.allfitel

snkstar.psfimage — k. psf. 2

substar.varify YOS
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Figure 6.11: Galuxy WRKEKHR L8200 image of remains left after rnning Killalf

and ‘cleaning’ the resulting huage.

9.

10k

11

Ruu substar on the original image Lhat rontains the galaxy and ewter
thir large PSF-radiug and Lhe Lish value for datamin thal woere used in
Ttem 17 on puge 48 when the function asks for it Also enter a low value
for dagamax. e.g. 12000 comnts. The resnlt can be viewed in Figure 6.12

o prage 61,

Now tvpe imarith x.osub. 1 k.diff x.goodsub lo produce Lhe -

ave thal only containg the galuxy, See Figure 6,13 on page 6l

Somoetimes some very hish mtensity pixels are lelt over alter or pro-
duced during this procedure.  These pixels can cause the c¢llipse-
procedure not to produce a proper model when no o-Clippring is ap
icd. Oue can nse imedie interaclively Lo remnove these pixels if they
are 1ol too close to the galaxy, lowever, i they are close or on Lop
of the galuwxy and editing becomes difficult or impassible. one ran et
ter imreplace x.goodsut xxx lower=12000 to lower the intensity of
hish-intensity pixels o the moege, lere xxx i3 Cthe average level of

rounts that is given in the area where the high-intensity pixels are,
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Frgure 6,130 Galuwy WRERSE 5920 original image ‘cleaned’, Leo with the

stars aned romains aublcaeted.
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A BETTER GALAXY MODEL fil

Loy the backeround, Doing this may canse the central region of the
valaxy also to be altered. I this is the case, one has to copy the central
region of the ralaxy back into the k. goodsub image, using for instance
imcopy. To be able to do this, waking o copy of k- poodsub belore

applying imreplace 15 a good idea.

Enter new values inlo the ellipse and bmodel parametor files:

ellipse, input k_goodzuhb

ellipse.outpus S

mappar . magpd = b
bmodel, sable = a
bmoadae | . cutput =m
bmodel background — xxx

Here xxx s the valne tor the average backeround level.

Run ellipse and bmeodel todetermine a good palaxy model. [ possible
without o-Clipping, Le. with the izophote samplepar . ncl ip param-

cler sel Lo zero,

Lae izcexar and iseplot tasks (o examine the ellipse-results,

A resulting model] is shawn in Figure 6.14 on page 62,

Fnter imarith k.goodscb - m k.subnog and check if the model of
the galaxy i nicely subtracted.  Be-min ellipse and bmodel attor

varving the el lipse- and bmodel parameters, il pecessary, Fipare 615

on page 62 shows the resulting image.

. Type imarith k¥ — m k.rog to subtract the model from the original

i see Fipnre .16 on page 63
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Tignre 6.15: Gulaxy WRKUS 3020, ‘clean’ image minus the improved salaxy

titeselel.
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Figure 6,16 Galaxy WRKYS U920, ariginal K, band image minus improved

walaxy muolel.

16, Renwove the remains &l Lhe position of thie condre ol the valaxy alter sub-
Leaering the model and save the resulting file ag k. neged . fita, see Lip-

ure 6.17 on page G4 Copy this file into the directory 4 _apply_2i13ail
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Fignre 6.17: Gulaxy WIKIKOS 5920, orighial K, bawd Smage minus inproved

galaxy model and removed remains in contre,



6.4, SECOND RUN OF KILLALL £i5
6.4 Second run of Killall

1. Enter the directony 4 _appZy_killall as the new working-directory.

2. Start over chee Trom Lem 2 on page 51 up ta Ner 1 on page 5,
A set of resulting images can be seen In Fignres 618 to (.20 on pages

fi0 to 66, respectively,

3. Copy the filesk neged nestr2 k.onoged.allfrta2anck.opsf 2. fits

into the diveclory 5 pet _palzaxy _modsl.

¥ = -
-
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AT
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L] L4 *
4 2
* 5 :
a 1 .
. & x
) L}
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. -
i 5
. . . - o
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Fisure 618 Calaxy WRKSS 5920, Killel! cutput image with all stars lefl in

Ll Lage,
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Figure 6,19 Galaxy WEKKOR 3020, Killall outpt image with all stars re-

Troved].

Fignre 6.20: Galaxy WRKIS 3920, Killall emtput iinage with the ‘sky'.



6.5, T FINAL GALAXY MODEL 07
6.5 The final Galaxy Model
1. Enter the dircetory &_get_palaxy_model as the new working-dircetory,

2. Repeat procedure onee [rom Item 2 on page 55 up Lo lem 15 on page 61.
A sut of resulting images can be seen in Figures 6.21 to 6.28 on pages

67 Lo 7L, respectively.

-

g e
ST

Figure 6.21: Galooy WIKIKOS 5020, after nog-interactively eleaniog’ the -

age using the imedit tusk,

3. Use tdump to save the resules rom the model o an ASCl-table For
the S -seripts described in Chapter 7 ou page 73, the [nllowing param-
elors sme, intens, int_orr, ¢llip ollip err. pa, wa_corr. tflux_e
npix_e¢, ndata and nflag were saved into the file

wkkb820 ks killall table.dat.



G8 CHAPTER 6, IMPROVED POINT SPREAD FUNCTHON FITTING

Figure 6.22: Galaxy WKK28 5020, aller interaclively “cleaning’ the image
using the izedit task.

Fignre 6.23: Galaxy WKK9S 59200, image of remains left alter ranning Rillali
and “clenung’ the resulting image.
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Figure .24 Gﬁla};}' WEKRGR B2, original itdge j'ﬂ]ﬂi-.l.l'lEf:}’; Lo, with the

stars and renaing subtracted.
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Figme 6.26: Calaxy WEKKO8 5920, linal gulaxy model

Tignre 6.27: Galaey WEHKYS 5920, ‘clean” intage minus the final gulaxy model
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Figure 6.28: Galaxy WEKKOIR 5920. original K, b image minus final galaxy
el
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Chapter 7

SM Plotting

In this chapter, the M routines are shown, that were used to produce the

total isophotal and intesrated waenitude plots, as well as position angle and

clliplicity plots of o valacoy model, as derived from one of e methods given

in Chapters 3 to 6. An example of these plots is given in Figure 7.1 on page

73.

Figure 7.1: Galaxy WIKIKI8 5920, §M

shown in this section,
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SM seripts

1. Assumiug that 54 15 already installed on vonr systern, oue usnally
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entiers sme— al the coromaned e in oo new werminal window Loostazl.
S ALl commands foliswing are entered in the same window, but are

neew intercepled amd executod Tae S

It is often maost feasibie, to produce Gleg thal comtain consecutive eom-
wmands, These Gies — or macros can then be called from within S
The first such file shown Lere conlains Lhe name definitions of the
wacros which wiil be used for calenlating and piolting lrom within the
SAM environmenl. To moake SM aware of ail these programmes, one
sinply entors macro read galaxy model slotting macreos. sme at

tlie eoemated Tre,

TS S L L U S F R Y St 5 it B D0 0 0 Rk SR Y T ST TR R ST

# #
# Thig Zile coutzing macruR Tur HY, Lo oplon restllg fro- oedelling #
L galaxics of thae palaxy cluster ACOREZET. #
i T
i it
= it
i Karsben Moarkus i
" Berpurrtze- Lo wl Asrranomy L
L Uziwersily ol dape Town #
" #
m a0.11.2304 L
# W

GEEEE Lt R T b e R PR IEE L SRR T R TR SR e T

S ST WEERT HUNaaab Y

plot _whkhEF20 s k111

axacute "macrosSplot WhiELHND . s _kKi11a11. 52"

print _wkkIGz0 ke_kall

BXacule "mAC: O print_wikkDH20 . Ios_killall. sm"

e

PloT_wkkadZE3 . %s rough

pxeoute  Zacrazfplot skkhedl ke roughose®

pricl wskEHAL kr_rough

axecule "maecos/prinl_wkkIS20 ks _reugh.s=m®

Plot_wkkbA20. ra 0 cal_Killall



-
il

eyl TmanrasSplot wkkGD20, re. 11,61 _killall em”

praint wkkG323.ro 11,61 kaliall
executs "macroasdpeinl B pe L BT i all

alen _wkEGI20, rz,11. 61 zaugh
ryapnzse Cmerassolot wkkI920 . re. L1 Bl _rough.e=

pooonl wkk590. p U1 R] 2ouph

eIeCnte “Bacroe Dri0l WvERASELFE 1LY rongn.ssT

plot_wkk503]).rs.11.E1_mang

exatutas "macros/alot_wkka0iC. re.11.07 _masz. e

proud_okkh320, ce . 11870 _mayk

exacute “masrod/arinl @kaBRIN. o, 11 51 maglo A

plot_wkzsd20. roka 11, 51 _kill
axauts "macroe/plot wkAERED re=ka. Ll b1 KILIall. 5w

pEint _wehihe, rekn, 11, b1 _kiIl

ereczle "=pcpigfprint _wikkid), re=ko. 11 ,E1 _killall a—"

EsEEsELsEE GWHHLDTY ssESpEEren

plol_ukk:d77 ky kill
2astnts “warsaslalol _uklBe0 e Eillull. sm"

3. The second file shows u typieal propram wlich will be executed, onee
ane af the tiacre names given in the previous lile is called from within
the SAM eavirommenl, e.p. it plot_wxki920 xs_kill— iy entered at
the command line,

sRpREpnaERSpaTI AT AT RO N RLL AT AR LE L SepiE L InRRRREl ERERET AT TIINEECRET SR Suul
B L]

% Thi= file contains a =aers Yor SM, Lir plet rerulss from modelling ]
8 galamaies of the galury cluster ACDRESY, _zizg Lhe *killall'--—ethod L]

Kusntarn Enxkas
Desarteent al Anlreoanonsy

34 & M W W W
® = = W W A

Univerpity of Qape Toan
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B u
& 00,22 200 i
= b

LR LR REININNLE SR AININICE LY. NINININIE N NINININIE 0. 0. NINTR L RINIE R 018 B R S R Ed e e R R R B BB IR B L

FammwwtwittE Laza tdedwdddem

venrul® "eacnsAlAal eksS3Y0 ks RLTlall . ge"

wRpprH#dEsE Caloulations and Constants BIFD meddddpdis

exeCute "Zacrasfcalctconat_sofi.em"

FTUTTHIHESE | sanholal Mapgnlode Flat #FETmamits

device x11 -dewvice ! -bg white -g HOOxTL0+S00+0

[l

il 1042

exasute "ZacrosSploT_ilsc_Zag_xa.Em"

AAAATTHILTELL |hLEEFHLHd HngiLuﬂn Flal, Mrmalfiitl

wimdow 1 -2 1 1

vxenule "maceasdplot_int_meg x5 .sm"

hallgidddiey ELlintacity [lot #vvasmidhs

device X1 desicn A g dhile g BOOS T CEO0H G
Braze

window 1 -2 1 2

vrensile Cmpnrnsfplos_ellip smt



FEFamRamwEs Mositicn Angle Plot sasdidsiss

windiw 1 -2 11

peeenlo "maneasdplel pasm”

1. When the program listed above is exeeuted, it imports several files,
cofaining [urther codde that is used by several similar programmes.
By dividing the code into several files. it 1s possible to adjust sl

parts of the code, vet being able to use i fur mwany prograos,

The first imported file containg definitions and parameters for one spe-
cific image and instrnment. This s usually the ouly (le where changes

have 10 be made for cach image
FEEEE SR ETUE T NP A RS SRR TR Ss SRS 3 5 EEE RS B R 88 Tada b f b d 58 835 EENEFF 34

# #
# faraten Markue #
# Lepartment of Astronomy #
# Univerzaty of Cape Town H
# #
# [l R R [ H
4 4
u )

EFEEEEEEEEEE L EELEERE R LR R LR E R L LG LR E LR R EE R R E R R G LGB R R R

pigpidddday Lavg swprsddpdgs

B orevad dalks Trum killall J’!!’i]::(":dll!’l'!

dala "ri.a1.a.-"t.;_1,hj_-:':r:_-;j_LlH | | _mesedr: I WSS . i | lalL_table.dal”

et ine palaxy "whkabs 59507
define galaxy plon "WKED2-L920"
define fil-exr "Is"

ditfann [1lter_plot "E_o'
dAefane [inid "0

Aeline teeld plol ™"

Aol ue cocd 0"

define cod_plat MM

define procedure "killall"
define lower_pa_angle -63
dArlinr mas radinsl 4§ i)

deline =ax_izo mag 1X2.7
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el ine man Lz TR Ao
define max o izlosag 1700
define 2ip_int oag .0
define wline_radius 2.%1
cofine hlinme_int_mag 20, 0G%
el Jirzl_lins 2

L_ Ty 2¥d

el i la

linez ffirat_l:pe #_ae:z _line
road sma 1

rizned iZtunz Z
o dzbere A
read o1l 4
rgad ellipers &
read pa G

rodd pavrr T
rodet LE luare 8
tead npix 9
reac nd 20

rode nflb Ut

set Helpc!i = WY G519
=5t kolsoli = -0.023

zat koZsoli = 3005

sut wlrmass = 1,229
=l r::rr,_l.iun::- e S
get aky = (00 1.497) - (-2.H00: 4+ (-3,303) - {Q,5233F + (-Z_003)
g i s el o Ry e e o T TR g IR e T v S S i - o g e

# Femarx: I uzed MESN Rod s siew ul 1000 pigels

rnehu

echa Jala Hetl: Fgalowy, #lilter, 5fielc, Sprocedurs
echo estivated sHir:

print X3 3f° d=zkyk

acha

The second imparted file contains [urther delinitions and parameters for
the specific kind of data and how to process the data. 'The inlormation
in this tile is for one particular instmmnent, e.g. the SOFT instrument ou
the N'T'T, and a new file with changer parameters needs 1o be developed
for a different instrarment,

AU r AR LY LY pppll oy iy dagp R iy SR on du R Rt R AR A AR AR E T L A

# L



Barsien Mazkus "
'.'Ilzjmrl,—l:nl. ol ﬂ.r:l.['-::-rlc:t_—}' 1
Huiwergaty of (kpe Todn -

-
Ca.11.=2C004 "
%

HESHU LT R pd e e s BRI AR R A el B AR L IR ¢ e u R R R R O AR Ru i

sy R Ry Valoalalivnn BRESTRRETTR

Bl

Set

E&T

sal.

get
2T
EBT

E0%,

ALR=E

riksafi = j_k

il Tsee = lekalldel - ajrmasusekedsn?] — ravgofisrkelinnfa

T_EmMa - 0. 2EE+ama

r_Emal_41 = 1r_ama=-0_23%

m_isa — foffnal - 2, Galgilintens-sky !/l lexp_timeis4i0 293«0 25851

.m_iso_pel — Cefluol, - 2. Exlaiiintons—zxy+interr)/((exp_times

(D HESO WHEEIYG

m iAol o= wm_iRn gl i

m_izo_ped — (cffset — Z. help(lintens aay-tuterrifilusp Eime)
=0, 298w, 2080000

m_izo_&2 = Z_isu-m_izo_ped

aman_inl = [iflosu-(sky+npindlfexn_LiTu
w_inl = orfse 2 a*lpglaum_inl)

intz — (intene-REyi+Cndtnr i/ Tusy Lasnd]

intZ el = (intens—gky-interr)=(nd+nf)/{exp tima)
intz_eld = [Ipterng-axy-interris nd+nf)slexp time

sum_int2 - ocumulala(in—2d

R TR ¥ | St o B L -::u..‘t.l.:'_;_1I.1:[j_nl.2_r::_f'

aum, inild a2 - cumu mtel(inlli e
m_ani?2 — offsel - 2.h«lalaum, initd)
m_int?_&£1 = m_int - offszet - 2. h=_glaam incd ol

m_int2_«2 = oflset - 2.Bx_pizum_int2_ez) - m_int

pront "outoulMpalacy Briller. $licld. Biod. Sprosedura. int_cag.dat

FLEURE WP FHORT NHLAr REar et f_wwwl_ 4 m_ivo =_ins

m_igacz_el =_iga_=2}

6. For plotting the data awd the resalis from the calculation the next

two files are imported. The [rst one contains infonuation about the
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plotting the isophotal magnitude.

EEREA bR e e e e EOEDE 2 RIS ESNERRIRELES MR AP EREES LI PRSI T
Kareten Karkus

Departmest of Astronomy

University af Cspe Town

Q9. 11, 2004

# =5 = # = F W
# O U Ok Rk E H

Mpdddddd bragda i fepd gy Rrnrd i ST TR AT AT R LN L S RN m N L LU Y R M

HEEFARFTRRY Jdopnola. Mapgnoloco Flol QULEXEXenEe

ltype Q

clwpr bl

i3 hs b Bmax_radinst_4 Emin_diso_mag Smar_isa_mag
lweaght 1

expanc 1,002

tox O 20 3

tonlabe | fprocedure’ fgalaxy_plot 3fzlzer_vlot $fiele_plot Socd plan
glehel brogntneas smoft_{Ks} imogdarcasc” 2]

LT¥DE biue

otype 12 3

crpand 3.0

noinls r_smal_ 4 m_isa

lweighl .0

errorlar r_ozmal A omoisg om_isa_el P2
errorbar r_z=al A m if&u om_
lweight 1

A T

relneahe oRn
draw 00
raocste 3vline_radiug R

&

Araw #vline_radiuz 3

| Ly [y
expard 1,000

rtyne o AcH
7. The second file cotdaius information about the plotting the lutesrated
magnilude,

Gy R ARA TR R ST AR LT RN XN L LU RS Bt g R R Y R E R R

u #



vl
fias

faraten Marms
Caparbmens ol Autronomy

IR I.:_.I ot L‘le: Treawrn

D0 11,2004

34 # & # # o
#¥ #H ¥ B B B

M AT T pea b R R e R T R A R a R R B P

Hgpdpgpddy Inteproted Magnai-suads Plos dLBUESG00L

Tresjus: 2

pboyper baliaca

limita ©.5% fmax_radzusl _4 ¥zax_iat_xzag $min_int_mag
lyaignt 1

expanc 1,001

bog 1 2 010

slabezl zeemiocomacor mx:s lapceec™{1/40]

ylaheld intepralad E is] mapnzzude [oag!

ctype blue
ptype 12 3
sxpanc 9.5

puznts r_smal_d4 m_in

R LT

ralocate frline_radiuz 50
draw Svline_radius G
ralocame O fnlize_-nt_mag

drav 190 fhline_dint_zag
I g )

Bxpand 1,001

ctype black
& Finally, the last two liles contain iformation abouat how to plot further
properties of the galaxy. Tirst the eilipicity.
HHH T 8 i i R S R R RN SN N N T LU LB U L
Yarzten Marzua
Department of Azatronomy

Uo-varsity of Copa Town

08,11 ,2004

# B H® 2 # # #
# 3 # = H = B

LRSS e e e T R s S S i S S R IR DRI RIEE RN NN E 1 S TN EERINIE S )
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Hpgddndasdd EZ inticiny Dlot mittHgsumid

TThpe O

czrpas olachk

—imita 0.5 Smax vadiusl ¢ 0.0 1.0

Lw=ight 1

axpang 10001

bow F 00

toplabe: - fprocedors’ Sgelaxy_plot §fiitsr_plot Sfield_plot Scod plal

ylamei eilimticazy

Slyvpr Lo
ptape 12 3

arxpand 4.8

peints r_aral 4 2llip

HETEES. LA N R v

Hrrir_y Tt _4 allzp ellzpsry
SwE T akl

exoacad 1000

ozame Black

9. Becoudly The position angle of the salaxy.

tfrtERRFHUTLLL AR A UG AR RREL prpHddy fanndd R S ST TR LR M pn HHHHEY

# "
u Aarslien Marsus Ll
x Leparleent ! &xlroonomy ]
¥ Un-beraily af Cape Tawn T
¥ L]
¥ LI S B #
u 4

FRRFRARHE TR ATI TS ST TN LA AR Rt S R R A R AR AN T OB M ippp Y

mutwHtttEEE Posinian Anple Plos s#dtxgemmm

LLspr O

vLype bBlack

aplims Lower _plot _11m17 (5. cwer pa anzleld

el o upper _plot_1imas (Stiower pa anglo=b300

~tmla 0Lk Boax_racausl_d Slower_plot_11z:i: Pupper_plul_limis
gl

box 1 2 0 30

ylausl position ancle [depres]



(i

xlatel semi-major axis [arczec™ {174}

chwpe hlae
peype e
eaprand 0.4

ez 1-1

define while_criteria "{flast_lime-S5f-rzt_l-nel"

WHILE Ji=$while_crilecial £
E nalil=$flownr_pa _anglel fuen aa[ ] = na i 1180}
gat l=111

1
poinzs r_zmal_x pa #IF {pa >= ¥lower_pa_angie!

Zweright G, Db

arvar yoroazal & pa peerr

lwaight 1
expard 1.001

ctype blachk

141, The nmmerical resutts for the galaxy magnitudes are printed inco w file,
too ko the output/wkk98 5920.K=.0.0.killall. int_mag.dat file.

and can be exatnined or used [or [inther analysis,
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Appendix A

Selection of Utilised

Abbreviations

Tahle A.1: Abbreviations used in this dissertation,

ESQ / Uniled Kingdom Science Research Connedl

Abbroeviation  Thesor [}11:::1
AAQ  Anglo-Australian Observatory
ACO  Abell, Corwin and Olowin
AT Analog-to-[Meital Linit
1BI1* Behind The Plane
CIZ2A  Clusters 1 the Zooe of Avoidance
NEXNTS  Deep Near Infrared Survey
DIRBE  Dilfuse Infra-Bed Backeground Experiment
EE(Y  European Southern Obsorvalory
ESO/SRC
FWITM  Full Width at Half the Maximim
IRAL Dlmage Reduction and Analysis Faclity
IBAS  Infrarcd Astronomicsl Satellite

TRAS PRC
IRAS 1’60
ISAAC

Tnlrared Astronomical Salellite Point Smirce Catalogue
1HAS 1'5C Hedshift Survey

Infrared Spectrommeter and Array Camaera

5T



el APPENINX A, SELECTION OF UTILISELY ABBREVIATIONS

Table A1 feomtitmed ) Abbreviations used in this dissoer-

tatiog.

Abbrevigtion  [Descriplion

POSS  Palomsar Qbservasory Sky: Survey
I'SC Point Souree Casalogine
PSF Point Spread Function
REFLEX ROSAT-ESO Flux Limiled Xoray
RON  Headoot Noise
ROSAT  Roentgen Satellite
ROSAT TBSC Roentgen Satellite Bright Source Catadogue
Bl Six degree el facility
ST Son of ISAAC
ZIF Taw degres Field faciity
20FGRS  2dF Galaxy Redslift Survey
AMTASS Two Microrn All Skv Survew
W'l Wide Field Trsger




Appendix B

Changes made in this

Dissertation

This chapter only applies at a later stage

Al
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Karsten Markus was born in Thoine, Germany, on Augnst 10h, 19710 as
the som of Budolf Bernliard Markus and Plsabetl Jobanna Markns [oed

Bonnckessen).  Aller leaving the srammar schools Johanneom and Geor-

Figure C.1: The anthor, Karsten Markus
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gianunt in Lingen/Ems, Gertuany, he participated in the compulsory army
service at the Luftlandebrigade 31 {pavatroops} in Wildeshausen and Old-
enburp, Germany. In 1995 Le entered the Buperto Carola in Heidelberg,
Cremmany, where he obtained his Vordiplom in 19950 The [oliowing vear,
he entered the University of Cape Town, South Africa, and obtained a
B.se. Hous, in Theoretical Plasics and Astrophvsics the same vear. He
has since been a part-time graduate student al the Departtuent ol Astron-
oty ol Lthe University of Cape Town and carried out observational work at

ohservatories in France, Germany aud Sontl Africea,
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Availability

A copy of this dissertation or a corrected version thereof should be available

ot the World Wide Webh: Lttp://www. karstenmarkus.de/ publications/
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Appendix E

Contact Details

Inarsten Markus

Departinent of Astronomy
University of Cape lown
Rondebosch, Cape Town 7701

Republic of South Africa

Fmail: contart@karstenmarkus.de

WWW: karstewnnarkms.de
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