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INTRODUCTION

Galaxies, which are complex objects containing up to several tens of billiars s
as well as gas and dust, are remarkable objects. The Universe cantainsdiverse
“zo0” of galaxies: there are galaxies with a discy shape and spiratstajgalaxies,
which almost look like a sphere of stars, or even galaxies, which shovignoo$
structure. This variety of galaxies leads to the basic question: how thaemfaxm
and evolve and which processes shape the structure of galaxies? thaetmplex-
ity of galaxy formation and evolution, this question is still an unresolved puazie
it is one of the biggest challenges in modern cosmology. This key questioalsa
shed light to the formation and evolution of our own Galaxy, and consélguerihe
formation of our Sun and the Solar system.

The common understanding of galaxy formation is based on the notion that star
formed out of the gas that cooled and subsequently condensed to higjtietein the
cores of haloes, which are made of the mysterious dark matter. Despitethieda
we have the general picture how galaxies form, many aspects of the datengtion
and evolution are still barely known. One of the reasons for this is the caityple
of the physical processes governing the formation and evolution of igalaXhe
complete picture demands a good understanding of star formation as wéllhes o
influence of environment, where the galaxy is located. To study thesetaspz
servationally, we need large samples of galaxies, which up to recent timesaier
available.

During the last decade, the situation has changed utterly and conclusively
observational cosmology, large galaxy surveys are carried out, vebiadr up to a
guarter of the entire sky. These extensive surveys allow to study gsilaximore
detail than ever. Supported by the galaxy surveys, the general patfttine large-
scale galaxy network in the Universe is now an undeniable fact. The-saaje
network (the so called supercluster-void environment) is the place wheaaxies
and stars form and evolve.

Using our knowledge about galaxies, powerful computational techgigtipy-
drodynamic simulations (e.g. Birnboim & Dekel 2003) and semi-analytic modelling
(e.g. Baugh 2006, for a review) are capable of reproducing manyeotdmplex
processes, responsible for the galaxy formation and evolution in thestdeive.g.,
star formation and supernovae feedback, galaxy mergers and ckomenéers, black
holes, and the effect of active galactic nuclei. Despite knowing abouy keynphys-
ical processes, which influence the evolution of galaxies, it is not sound#rstood,
how these processes depend on the large-scale environment: e.g/ maigers and
the effect of tidal fields, ram-pressure stripping of gas when galaxyemtwough



intra-cluster medium, etc. So, it still requires a considerable effort to nbdeh-
trinsic properties of galaxies and their dependence on the environmeeite \the
galaxies are located.

The present thesis is based on large galaxy surveys and conceoir#tedarge-
scale structure: how galaxy evolution is related with the surrounding Ergke-en-
vironment of superclusters and voids. Galaxy luminosity functions argedefor
different morphological types (spiral, elliptical) and various coloursl,(tdue) of
galaxies, to trace the evolutionary effects of galaxies, which a priotildhze dif-
ferent for void and supercluster galaxies. Additionally, since grompisctusters of
galaxies are the most common environment of galaxies, we analyse, howotige g
content changes in the large-scale environment.

The thesis can be outlined as follows. In Chapter 1, the standard pictyatecd
formation is given, followed by a review of the previous studies of the luniiynos
function. Chapters 2 and 3 describes the galaxy surveys used, datdioa, and
methods to analyse the data. Chapters 4 and 5 present the results, whidtassed
and summarised in Chapters 6 and 7, respectively.
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CHAPTER 1
RESEARCH BACKGROUND AND OBJECTIVES

1.1 Formation and evolution of galaxies and galaxy groups

The general paradigm for our Universe is that of a hot big bangeusév The final
structure in such a universe is due to small fluctuations that were imprinte@ in th
primordial density field, and which are amplified by gravity, eventually leading
nonlinear collapse and the formation of dark matter haloes. Global expasibn
consequent cooling of the Universe causes the decoupling of matteadiation,
allowing gas to fall into the potential wells (provided by the hierarchically grow
ing dark matter haloes), where it is shock-heated and thereafter caulidively,
enabling star and galaxy formation in the dark matter haloes.

According to the Cold Dark Matter (CDM) model, groups and clusters okigda
(dark matter haloes) form by the gravitational collapse of dark matter drthe
peaks in the initial density field. Haloes assemble hierarchically, so that smaller
haloes merge to form larger and more massive haloes in dense envirorfMerg&s
White 1996; Sheth & Tormen 2002). According to the current paradigigat#fxy
formation, galaxies form within haloes, due to the cooling of hot gas. Halods
galaxies evolve simultaneously, and the evolution of a galaxy is affectezlydrgits
host halo and its environment. If the halo is accreted by a larger halo, dreygaill
be affected by it as well: for example, the galaxy’s diffuse hot gagvesemay be
stripped, removing the fuel for future star formation (e.g. Larson et%01Balogh
et al. 2000; Weinmann et al. 2006b; van den Bosch et al. 2008a). iEslaray also
experience major mergers, which transform late-type (spiral) galaxiesanlytype
(elliptical) galaxies with an additional central bulge component (e.g. Deteal.
2006; Drory & Fisher 2007). Mergers may drive gas towards the egwtnere it can
trigger a burst of star formation and fuel the central black hole, thebfeadfrom
which can heat the remaining gas and eventually quench star formatioMf{bas
& Hernquist 1996; Wild et al. 2007; Pasquali et al. 2008; Schawinski.2009).

The haloes (galaxies) in the Universe are not distributed randomly. ddise
galaxies in the Universe are located in groups and clusters of galatieprésence
of such galaxy groups is known long ago, and they have been studitidwausly.
For example, the dominating role of the brightest (first-ranked) clustenggalax-
ies was known long ago, for early studies see Hubble & Humason (1Bbhle
(1936), and Sandage (1976). The nature of the physical pragesbih influence
the luminosity and morphology of galaxies in clusters (and groups) is alserkno
tidal-stripping of gas during close encounters and mergers (Spitzer 8eBH251),

11



ram-pressure sweeping of gas due to the motion of a galaxy through thelintar
medium (Gunn & Gott 1972; Chernin et al. 1976; van den Bosch et a8l®00alaxy
mergers (Toomre & Toomre 1972).

Groups and clusters of galaxies are not the biggest structures in thersmi In
fact, groups and clusters of galaxies may reside in larger systems — irclsigpers
of galaxies or in filaments that cross under-dense regions betweertisigspers. As
a consequence, the Universe contains filamentary superclustersidadorming a
web-like structure — the supercluster-void network (Einasto et al. 128f@ovich
et al. 1982; de Lapparent et al. 1986; Bond et al. 1996). All theseiquisly men-
tioned physical processes are important for galaxy formation in grougphslasters,
but the global environment determines, which processes dominate arttidéovm-
ing galaxy will look like.

The timescale of the evolution of groups (and galaxies therein) also depand
their global environment (Tempel et al. 2009y-body simulations show that haloes
in high-density environments have a higher fraction of their mass assembtegjan
mergers (Gottlober et al. 2001; Maulbetsch et al. 2007; Fakhouri & BG9P In
the high-density environments, the merger rate is higher at earlier timesagotatr
the low-density environments, where the merger rate is higher at the ptesen
Thus the formation speed of haloes is different in various environmenis. nbt
only the formation of dark matter haloes that is different, but severaligdiygro-
cesses depend also on the environment. For example, the ram-preésppiegsof
gas is greater in denser environments, likewise the timescale of gas accagtibn
the effectivity of supernovae and stellar winds is different in high- amddensity
environments. As a result, the properties of galaxies in groups depetie: @mvi-
ronment where they are embedded; richer and more luminous groups teedao
cated in higher-density environments than poor, less luminous groups{&ietzal.
2003b,c, 2005a; Berlind et al. 2006). Consequently, understandimydiperties and
evolutionary state of groups and clusters of galaxies in different envients, and
the properties of galaxies in them, is important for the study of groups astkcdias
well as for the study of the properties and evolution of galaxies and latgertures —
superclusters of galaxies.

In addition, it should be noted that from the observational point of view,Hard
to determine the important physical processes related to a particular eneinbrTo
do it correctly, it would be necessary to compare the evolution of the salaryga
in different environments; from the observational viewpoint this is cdstan im-
possible task. Finally, to understand the evolution of galaxies, we showddritk
account the hierarchical evolution of cosmic structures; dark mattershédom in
a bottom-up fashion, with small systems forming first and subsequently merging
form more massive structures. In this framework, galaxies might experifferent

12



environments during their lifetimes. So, for example, galaxies residing in gclus
today might have suffered some degree of pre-processing in lowerggatems as
galaxy groups. In observations, it is impossible to follow this evolution directly
Luckily, we have large statistical samples of galaxies and groups, whitheased

to study the importance of the key physical processes in different ema@nts in an
indirect way.

1.2 Galaxy morphology, environment, and evolution

It is well known that galaxies show a wide range of morphologies, cdeelby
other properties of galaxies, as the colour, luminosity, size, star-formiatienetc.
The galaxies in the “local Universe” can be classified into two broad tythedate-
type (spiral) galaxies, with spiral arms, disc-dominated morphologies,ioggtar-
formation, and blue optical colours; and the early-type (elliptical) galawiéh, el-
liptical or bulge-dominated morphologies, old stellar populations, and redilo
Somewhere between these two types are the lenticular galaxies. Theycagaldis
ies (like spiral galaxies), which have used up or lost most of their intenstabidter
and therefore have very little ongoing star formation; most of them haveaalsm-
inant central bulge.

In past, many studies have found a strong correlation between the magpholo
and environment: i.e., the morphology-density relation. One of the first stwgis
by Hubble & Humason (1931), when it was realised that galaxy clustems gam-
inated by ellipticals and lenticulars, and that environmental factors playeaoh-an
portant role in determining the morphology of galaxies. Later, Oemler (187d)
Einasto et al. (1974) found the morphology-radius relation; red (egplg} galaxies
are located in the central areas of clusters while late-type, blue galaxigwefer-
entially be found outside of rich clusters, or in the outskirts of clusters. rEtagion
was confirmed by Dressler (1980), who argued that the fraction of moetwgical
types is a function of the local galaxy density.

So, the origin of the morphology of galaxies is one of the oldest mysteries of
galaxy formation. Many studies have been devoted to the morphologyhdesia-
tion and there has been a great deal of effort to understand the ofigiarphology
by inspecting the dependence of galaxy properties on the environmgnB(gcher
& Oemler 1978; Einasto & Einasto 1987; Norberg et al. 2002a; Goto etO&i3;2
Blanton et al. 2005a; Wolf et al. 2007; Ball et al. 2008). All these stuslesv that
spiral (blue) galaxies tend to be located in low-density environments (in tiskids
of galaxy clusters) and elliptical (red) galaxies in more dense environniertise
centres of galaxy clusters). Additionally, some other bimodal galaxy piiepédave
also been found to be correlated with the environment: blue galaxies with sagrtifi
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star-formation activity tend to reside in under-dense environments, whieiga
with red colours and low star-formation rates tend to reside in over-densee-
ments (e.g. Lewis et al. 2002; Goémez et al. 2003; Kauffmann et al. 20@h $t al.
2006; Weinmann et al. 2006a; Bamford et al. 2008). But we do not krenif the
properties of galaxies depend on the cluster-centric radius or on tHedkrtsity of
galaxies in clusters, or on both (Whitmore & Gilmore 1991; Huertas-Compizaly e
2009; Park & Choi 2009; Park & Hwang 2009).

The morphology of a galaxy is not determined at the time when the galaxy
formed. In fact, the galaxy morphology can change significantly durindjfétene
of the galaxy. The hierarchical formation of dark matter haloes and simoliigne
mergings of galaxies may transform one morphological type to anothemprbna-
nent trend in merging is the formation of elliptical galaxies by merging of spirals o
irregulars. Additionally, Delgado-Serrano et al. (2010) have shdhatdspiral galax-
ies may also form through merging. According to Delgado-Serrano e2@10j,
approximately half of the spirals were already in place 6 Gyr ago and antwgltfe
formed in mergers of irregular galaxies. In general, for the transformaticmne
morphological type to another, various physical mechanisms may be sisjgon
galaxy-galaxy mergers (Barnes & Hernquist 1991), harassmentr@/et al. 1996),
ram-pressure stripping (Gunn & Gott 1972), and tidal distortion by theerlpoten-
tial (Byrd & Valtonen 1990). Both mergers and harassment are likely ttribote
significantly to the morphology-density relation found in the environments oélagv
intermediate density (e.g. Goto et al. 2003). Contrary, in a high-densityoenvent
as galaxy clusters, the latter two mechanisms are more efficient. In recentttimes
transformation of late-type galaxies to lenticulars has been frequent,jdenegd,
for instance, by the actual dominance of lenticulars in galaxy clusters indbel*
Universe” (Fasano et al. 2000, and references therein).

In previous studies, the local, group environment was mainly consideéted:
ever, recent studies have demonstrated clearly that the large-sqadec{sster) en-
vironment, the so-called global environment, has also an important role irygala
evolution (see, e.g. Costa-Duarte et al. 2010; Gavazzi et al. 20i8jlyRhe mor-
phology of supercluster cores differs from the morphology of supster outskirts
(Einasto et al. 2008): the cores of rich superclusters are specifangethat contain
clusters and groups of galaxies, and may contain X-ray clusters ofigalaXhus
supercluster cores are not just a high-density environment that cergeinps of
galaxies, rather the cores of superclusters are specific regions tileegalaxy evo-
lution is different from that in low-density regions. Secondly, Einastd.e2807)
showed that all galaxies in superclusters are redder than those in moiasast lu-
minous groups are preferentially located in superclusters than in voidssiist al.
2003b,c). Semi-analytic models also predict that void galaxies should herfdian
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galaxies in dense regions (Benson et al. 2003b; Tinker & Conroy)2008us su-
perclusters in general differ from the lower-density environments ataildd study
of the global environment can provide new insight into the evolution of gedax
high-density regions.

1.3 Previous studies of luminosity functions

One of the principal description functions for galaxies is the luminosity funet{d.)

that describes the average number of galaxies per unit volume as a fuoicgjalaxy
luminosity. The first determinations of the galaxy luminosity function (LF) were
made several decades ago (Kiang 1961; Christensen 1975; Scht@hte Abell
1977; Kirshner et al. 1979); in the following studies, the number of gadaxsed to
calculate the luminosity function has increased continuously (Tully 198&athfeu

et al. 1988; Loveday et al. 1992). The Las Campanas Redshift ySumeasured
the general luminosity function of galaxies with a good accuracy (Lin et961
Bromley et al. 1998; Christlein 2000).

Our current understanding of the galaxy luminosity function owes much to the
2dFGRS (Norberg et al. 2002b) and SDSS surveys (Blanton et @&8b200ontero-
Dorta & Prada 2009). These new samples of galaxies make it possible yotkeud
dependence of the luminosity function on a large number of different galeop-
erties, as galaxy morphology, colours, star formation rate, local andlgitEnsity
environment, etc. In this respect, the luminosity function plays an importanirrole
our understanding how galaxies form and evolve (see, e.g. Yang@0a; Cooray &
Cen 2005; van den Bosch et al. 2008a).

Already early studies of the distribution of galaxies of different luminosity
showed that clustering of galaxies is tightly related with their luminosity (Hamilton
1988; Einasto 1991), and the luminosity function of galaxies depends @mren-
ment where the galaxy is located (see, e.g. De Propris et al. 2003; Bmata&
Serna 2003; Xia et al. 2006; Hansen et al. 2009).

So, to understand how galaxies form, we need to understand wheréegadas
located,; it is essential to study the dependence of the luminosity function enthe
ronment. It is well known from the halo occupation distribution (HOD) modeds th
the local environment largely determines the properties of galaxies (endivaaez
et al. 2006; Park et al. 2007): luminous galaxies tend to occupy high nadassh
and low luminosity galaxies reside mainly in low mass haloes. Halo occupation dis-
tribution models have been also used to link the observed luminosity function with
the distribution of dark matter halo masses (see, e.g. Yang et al. 2004;i Ztlah
2005; Cooray 2006; Lin et al. 2006; van den Bosch et al. 2007; Valst&iker 2008;
Wang et al. 2010). Using the HOD model and the fact that early-type igalaxe
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more strongly clustered than late-type galaxies (the morphology-densitiongja
van den Bosch et al. (2003) found that the fraction of late-type galamies be a
strongly declining function of halo mass.

The fact that the local/group environment is a dominant factor in galaxijy-evo
tion, motivates the study of the luminosity function in galaxy groups (e.g. Colless
2004; Gonzalez et al. 2005; Xia et al. 2006; Zandivarez et al. 280mi et al.
2007). As a recent study, we emphasise the work by Hansen et a@)(200 Yang
et al. (2009). Hansen et al. (2009) analysed the luminosity functiorsefaral and
satellite galaxies of groups separately, taking into account also the calbting
galaxies. Hansen et al. (2009) found that the luminosity functions of teattand
blue satellites are only weakly dependent on the cluster richness. Howeveatio
of the numbers of faint red and blue galaxies depends strongly on theretgntric
distance. For brightest cluster galaxies, Hansen et al. (2009) foahth#hluminos-
ity of the central galaxy of a cluster is tightly correlated with the cluster rickinds
complementary study by Yang et al. (2009) found that among the satellitégpiop
there are in general more red galaxies than blue ones. For the cemtudipon, the
luminosity function is dominated by red galaxies at the massive end, and by blue
galaxies at the low-mass end. At the very low-mass end, however, theeraasked
increase in the number of red centrals.

A likewise important, but not so well understood factor is the global enwiemt
where the galaxy is located — its place in the supercluster-void environmerem-
pel et al. (2009) we have found that the global environment has an iamaole
in determining galaxy properties. Some studies have been dedicated onBctal sp
regions: e.g., Mercurio et al. (2006) investigate the Shapley supercarsieHoyle
et al. (2005) concentrates on the void galaxies. The dependence envihenment
has been also studied numerically (Mo et al. 2004) and using semi-anafgbdls
(Benson et al. 2003b; Khochfar et al. 2007). These semi-analyticdélmallow us
to study the influence of different physical processes on the morpicalayolution,
how the morphology of a galaxy changes in time. For example Khochfar(@0&l7)
found that the main driver for the evolution of the faint-end slope of the lusiiyio
function is the evolution of the underlying dark matter halo mass function and the
supernova feedback, where both cause a relative flattening of tltefairslope. Mo
et al. (2004) used the halo-occupation model and studied how tightly thee $aeje
environment determines the properties of the halo population.

The influence of the global environment on the luminosity function has been in
vestigated by Hoyle et al. (2005), using the SDSS data, and by Crotdn(2085),
using the 2dFGRS data. These results show strong environmental tgatabges in
higher density regions tend to be redder, of earlier type, have a lowdpataation
rate, and are more strongly clustered. Some of these trends can be ediigithe
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well known morphology-density relation (Einasto et al. 1974; Dressl801Post-
man & Geller 1984) and by the luminosity-density relation (Hamilton 1988). Itis less
well known how far these trends extend when moving toward extreme améawnts,

into deep voids or superclusters.

The luminosity function have been determined also for different morphabgic
types of galaxies. The morphology of a given galaxy is a reflection of its liciia-
ditions and merger history. In studies of the luminosity function, galaxy madoglyo
has been determined either by its colours (Yang et al. 2009), spectkegFai al.
1999; Madgwick et al. 2002; de Lapparent et al. 2003) or the photanpetfile (Bell
et al. 2003; Driver et al. 2007a). The most accurate, but by far the timee consum-
ing approach is to use visual classification (Marzke et al. 1994, 199$)d¢®k et al.
2001; Cuesta-Bolao & Serna 2003; Nakamura et al. 2003). For the&SSDfvey,
visual classification has become possible thanks to the Galaxy Zoo projetzit{
et al. 2008) that will help us to study the morphology and the luminosity function
in detail in the future. In all these studies, the classification of early-typdate-
type galaxies is based on slightly different methods and/or parametegd| Swidies
agree that later-type galaxies have a fainter characteristic magnitude stedper
faint-end slope of the luminosity function. The biggest differences inipusvstud-
ies are found at the faint-end of the luminosity function, where classificaitass
certain than for brighter galaxies.

Additionally, recent studies have shown that dust plays an important role in
galaxy evolution and it may significantly influence the luminosities and colours of
galaxies (Pierini et al. 2004; Tuffs et al. 2004, Driver et al. 20(Rt¢ha et al. 2008;
Tempel et al. 2010), especially for late-type galaxies. Thus, in ordéndy strinsic
properties of galaxies, it is necessary to take dust extinction into acddaimg the
SDSS data, Shao et al. (2007) have studied the influence of dust omthresity
function. In general, dust is important for late-type spiral galaxiestlyealge-on
galaxies are most affected.

1.4 Motivation of present work

Understanding the formation and evolution of galaxies is one of the bigbast ¢
lenges of observational cosmology. The luminosity function is in this respest
of the most fundamental of all cosmological observables, helping us twibleshe
global properties of galaxy populations and to study the evolution of galaXike
dependence of the luminosity function on cosmic time, galaxy type, and emaron
tal properties gives insight into the physical processes that goveasseenbly of the
stellar content of galaxies.

In the general picture of galaxy formation and evolution, it is expectedtiieat
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morphologies of galaxies and various galaxy properties (e.g. colowsliféerently
correlated with the environment. Besides, the group content in diffengitbeaments

is expected to be different: high-density environments tend to harbowerlgrgups.
Today'’s picture of galaxy formation and evolution relies largely on semliytioal
models, which allow to study the galaxy evolution: how the properties of a galax
change in time. To compare these models with the real Universe, we needwio kn
the observed luminosity function in detail.

Additionally to the luminosity function, the global galaxy luminosity densities re-
flect the processes of galaxy formation and evolution. So, the envirdahaemsities
must be also taken into account in the galaxy evolution studies.

Precise determination of galaxy luminosity functions in different environments
is needed to constrain current theories of galaxy formation and evoluGomse-
guently, new advances in galaxy statistics with respect to various paranfieter
phology, colour, group content, etc.) could make a strong impact on alerstand-
ing of the physical processes that drive the birth and life of galaxies ibtineerse.

To shed the light on the evolution of galaxies in the Universe, in this study
we investigate how the large-scale environment influences the evolutioalaf-g
ies and groups. We have chosen specifically the large-scale envirgrsimae the
local/group environment have been studied exhaustively. We hope ¢Hatdgie-scale
environment can provide a new viewing angle to understand better theiewnodd
galaxies. To do that, we study the luminosity functions of galaxies for difterr-
phological types of galaxies, and for different types of group gasalgjeoup brightest
galaxies, satellite galaxies). In this study, we take advantage of the laegesp
scopic galaxy surveys (2dFGRS and SDSS), which enable us to studetthibs of
galaxy properties in different environments.

In general, the present analysis has three goals: to determine the luminosiy f
tions of the group brightest (first-ranked), second-ranked, aredlisagalaxies; to
investigate the nature of the satellite and isolated galaxies; and, as most irhgortan
analyse the global (large-scale) environmental dependency of dalakyosities for
galaxies of different types and colours.
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CHAPTER 2
DATA AND METHOD OF ANALYSIS

This chapter gives the overview of the data used in the present thestieaadbes
the methods used to analyse the data.

2.1 2dFGRS - Two-degree Field Galaxy Redshift Survey

The Two-degree Field Galaxy Redshift Survey (2dFGRS) is one of thddmgest
spectroscopic galaxy surveys available. The 2dFGRS uses the 2dF breltsibiec-
trograph on the Anglo-Australian Telescope. The survey containgifedgor
221414 galaxies brighter than the extinction-corrected magnitudedjrait 19.45%.

The survey consists of two main areas in the North&in<(10 square degrees) and
Southern §0 x 15 square degrees) hemispheres, with a total area about 1500 square
degrees, and of 100 randomly located individual fields in the Southenispbere.
Survey releases and observational details are described in Collég2604, 2003).

In the present thesis the group catalogue for the 2dFGRS sample by flalgo e
(2006) is used. The author of the present thesis did not participate intis&gction
of this catalogue. However, since the present thesis is based on thigjoataeddorief
description of the 2dFGRS data is given.

The Tago et al. (2006) catalogue covers the 2dFGRS contiguous Noehd
Southern Galactic patches (NGP and SGP, respectively). In this catalvguex-
clude distant galaxies with redshifts > 0.2 (574h~'Mpc), since being a flux-
limited survey, the 2dFGRS becomes very diluted at large distances. Wepalso a
a lower redshift limitz > 0.008 (25~ 'Mpc), as at smaller redshifts the catalogue
contains mostly unclassified objects of the Local Supercluster. Figurdn@ulsghe
galaxy distribution in the sky for the NGP and SGP samples.

For luminosity function estimation, we excluded the galaxies brighter than
by = 14.0. Those galaxies are located nearby, in a small volume of space, and their
magnitudes are difficult to determine precisely. The 2dFGRS team has essahtie
limit in their luminosity function study (Cross et al. 2001). Although the 2dFGRS
sample was originally planned to have a uniform lower magnitude lmit 19.45,
in fact the faint magnitude limit fluctuates from field to field. In the presentystud
these fluctuations are taken into account using the lower magnitude limit magps giv
by the 2dF survey team (Colless et al. 2003).

1p; is equal to the JohnsdB magnitude for an object with a zero colour in the Johnson-Cousins
system.
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Figure 2.1: Galaxies in the Northemagper panéland Southerridwer pane) Galac-
tic patches of the 2dFGRS survey.

The magnitude limits define the photometric properties of the sample. Secondly,
for statistical analysis, the incompleteness of the redshift catalogue hastaddm
into account. We use the redshift completeness mask, defined by ther2di aam
(Colless et al. 2003), for that. This is essential for calculating the luminositgity
field. In our final sample of galaxies we use only such fields where dthatof the
galaxies have measured redshifts.

With all these restrictions, the Tago et al. (2006) final sample contains37595
galaxies in the Northern sky and 102610 galaxies in the Southern skyokéeted
the redshifts for the motion relative to the cosmic microwave background (CHB
linear dimensions we use the co-moving distances (see, e.g. Martinez &xqr
For the present thesis, the distances were computed using the matterlaadetgy
density parameters derived from the seven-year Wilkinson Microwanisoftopy
Probe (WMAP) observation$),, = 0.27 and2, = 0.73 (Komatsu et al. 2011).

To transfer the apparent magnituaeinto the absolute magnitude, we use the
usual formula

M =m — 25— 5logyo(d) — K, (2.1)

where the luminosity distancé, = d(1 + z), d is the co-moving distance in the
units of h~'Mpc, andz is the redshift. The ternik’ = k+e is the sum of the
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k-correction and the evolution correction, necessary for deep cosmalogdshift
surveys. We adopted thiete-correction for the 2dFGRS sample according to Nor-
berg et al. (2002b), using morphological classes, based on theapgassification
parameter (given in the 2dFGRS dataset), as described in Madgwick et al. (2002).
The value of the classification parametezorrelates with the strength of the absorp-
tion/emission features. Galaxies with an old stellar population and strongpéibsor
features have negative valuesgfvhile galaxies with a young stellar population and
strong emission lines have positive values/ofFor some galaxies with poor spec-
tra, the spectral type parametewas not determined. In these cases we adopted the
mean relationk+e = (z + 6.022) /(1 + 20.0z3).

To transfer the absolute magnitudé to the luminosity in solar unité, we use
the usual formuld, = Lo1094Me—M) wherelM., is the absolute magnitude of the
Sun. Following Eke et al. (2004) we acceptéfi, = 5.33 in the b; photometric
system.

2.2 SDSS - Sloan Digital Sky Survey

The Sloan Digital Sky Survey (SDSS) is one of the largest and most coraptex
veys in the history of astronomy. The SDSS used a dedicated 2.5-meteopeledc
Apache Point Observatory, New Mexico. Over eight years of operaii@btained
a huge number of multi-colour images and spectra for galaxies in a regienicgv
more than a quarter of the sky. The SDSS final data release (DR7)jlasm
Abazajian et al. (2009), contains more than 930 000 galaxies with measneetta.

In the present thesis we use the groups of galaxies found in the SD&Saabdd
in Tago et al. (2008) and Tago et al. (2010). The main difference legtitese group
catalogues is the release number of the SDSS dataset. Tago et al. (284 e fi-
nal SDSS data release (DR7) and in the present thesis we use that wataiogur
analysis. For our group catalogue based on the final SDSS data releaseed only
the main contiguous area of the survey, roughly 7500 square degrbissample
was selected from the standard main galaxy sample described by Adeln@artie
et al. (2008) and downloaded from the SDSS web page. In our cagleguused
only galaxies brighter than the spectroscopic survey limiting Petrosian (19d@-
nitudem, = 17.77 (Strauss et al. 2002). We used also an upper limiting magnitude
m, = 12.5, since bright objects are over-saturated in the SDSS photometric survey.
We put a lower redshift limit = 0.009 (27~ 'Mpc) to our sample to exclude the
galaxies of the Local Supercluster. As the SDSS sample becomes verg dillaege
distances, we restricted our sample by an upper redshiftdimit.2 (574~ 'Mpc).

The total number of galaxies in the catalogue of groups and single galax-
ies by Tago et al. (2010) is 583362. The distribution of galaxies in the sky is
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Figure 2.2: Galaxies in the SDSS survey main sample.

shown in Fig. 2.2. The redshifts were corrected for the motion relative to the
CMB. As for the 2dFGRS sample, we use for linear dimensions co-moving dis-
tances (see, e.g. Martinez & Saar 2002) with standard cosmologicahgiara:
Hy = 100 hkms~'Mpc~, the matter densit§2,, = 0.27, and the dark energy
densityQ2, = 0.73 (Komatsu et al. 2011).

The catalogue of Tago et al. (2010) lists the Petrosiaragnitudes. In the present
thesis we use the composite model magnitudes, as suggested and desctiiteed in
SDSS web pade

Memodel = —2.5 1OglO [fracdeVFdeV + (1 - fracdeV)Fexp] y (22)

where Fyoy and Fy, are the de Vaucouleurs and exponential fluxes of the object
in question angfracqey is the coefficient of the de Vaucouleurs term (varying from
zero to one). The surface luminosity distribution of each galaxy in the SRS8den
fitted by the pure exponential and the de Vaucouleurs profiles. Thditest com-
bination of these is used to represent the profile of the galaxyfamnd,.y indicates

the fraction of luminosity contributed by the de Vaucouleurs profile. Adogrtb

the SDSS web pagecomposite model magnitudes are in excellent agreement with
Petrosian magnitudes and are the preferred magnitudes for photometipaxitg.

For luminosity function calculation, we shall use a rather stringent bright lumi-
nosity limit m,, = 14.5, as suggested by the SDSS team; this limit is better for
statistical analysis of the data. Additionally, since the conversion from $atro
to composite model magnitudes introduces incompleteness near the faint luminosity

2http: // www. sdss. org/ dr 7/ al gori t hns/ phot onet ry. ht nl #cnodel
Shttp: //www. sdss. org/ dr 7/ al gori t hns/ phot onet ry. ht nl #whi ch_mags
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Figure 2.3: Absolute magnitudes of galaxies in the 2dFGRS sangftgpéne) and

in the SDSS samplei@ht pane) at various distances from the observer. To have a
better comparison between these two samples, the magnitudes of the SDSS sample
were converted to thi system, using the calibration of Norberg et al. (2002b).

limit, we shall use the limitn,, = 17.6 for composite model magnitudes; this leads
to a uniform distribution of galaxies in the sample.

To transfer the apparent magnitude into the absolute magnitude, we use-the fo
mula (2.1), where thé-corrections for the SDSS galaxies are calculated using the
KCORRECT algorithm v4_2 (Blanton et al. 2003a; Blanton & Roweis 200 He
evolution correctiore has been calculated according to Blanton et al. (2003b). To
transfer the absolute magnitudes into solar luminosities, we use the solar luminosi-
ties as given in Blanton & Roweis (2007). In théband, used in the present thesis
for luminosity function calculations}y/, = 4.64.

In Fig. 2.3 the absolute magnitudes of the 2dFGRS and the SDSS samples are
shown. The flux-limited selection effects are well seen: at lower distatieebright-
est galaxies are absent due to the upper limiting magnitude; at further éisfamty
the bright galaxies are seen. While the SDSS sample includes more than thige time
more galaxies than the 2dFGRS sample, the 2dFGRS sample is slightly deeper than
the SDSS sample (see Fig. 2.3). The latter is the reason why we use alsé@GiR2d
sample, since it gives more information for the faint end of the luminosity functio
Additionally, for our study of the luminosity functions in groups (Tempel e2@09),
we have used the2dFGRS sample and for the study of the luminosity funations f
different morphological types of galaxies (Tempel et al. 2011a), we lised the
SDSS sample.
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2.3 Homogeneous galaxy group catalogues for the 2dFGRS an®SS
surveys

Clusters and groups of galaxies are the basic building blocks of the tdajvihey

are natural environments for galaxies. Observations of the local téeiveve shown
that basically all galaxies are located in groups. Therefore, it is eskengatract

groups of galaxies from the galaxy surveys, and their study can gowd under-
standing of the evolution of galaxies, of the large-scale structure, atiteafnder-

lying cosmological model. To achieve this goal, we extract groups and duste
galaxies from the 2dFGRS and SDSS surveys.

One of the most conventional method to search for groups of galaxiessteiclu
analysis that was introduced in cosmology by Turner & Gott (1976). Thihade
was hamed the “friends-of-friends” (FoF) by Press & Davis (198®2) promoted by
Zeldovich et al. (1982) and Huchra & Geller (1982). In the FoF methathxies
are linked into systems, using a certain linking length (or neighbourhoodsjadiu
Choosing the right linking length is rather complicated. In most cases, thedinkin
length is not constant, but varies with distance and/or other parameters.

Our experience and analysis show that the choice of the linking lengtindgpe
the goals of the specific study. For example, while Weinmann et al. (200&s)wed
for compact groups in the SDSS DR2 sample, applying strict criteria in the FoF
method, then Berlind et al. (2006) applied the FoF method to the volume-limited
samples of the SDSS with the goal to measure the group multiplicity function and to
constrain dark matter haloes. In our group catalogue, our goal is to db&agroups
for the determination of the luminosity density field and for studying the progertie
of the galaxy network. Hence, our goal is to find as many groups a#pmsshereas
the group properties must not change in distance. In our group definitetried to
avoid the inclusion of large sections of surrounding filaments or partgefslusters
into groups.

The group finding algorithm, presented shortly in this section, was dewklope
Tago et al. (2006) and Tago et al. (2008). The details of the groum§radgorithm
is described for the 2dFGRS sample in Tago et al. (2006) and for the S&83e in
Tago et al. (2008, 2010). The author of the present thesis is rabjmfm the data
preparation for the SDSS group catalogue and for the luminosity (oltsangetotal)
calculation for galaxies and groups of galaxies.

For the 2dFGRS sample a constant linking length was used to extract grbups
galaxies. For the SDSS sample, the linking length is increasing moderately with
distance. To find the proper scaling for the linking length with distance in tHeSSD
sample, we created a test group catalogue with a constant linking length.wihe
selected in the nearby volume & 200 h~'Mpc) all groups with more than 20 group
members. Assuming that the group members are all at the mean distance of the
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Table 2.1: Data on the 2dFGRS and SDSS galaxies and groups.

Sample Na Ny DI D2 D3 D4
2dFGRS (all) 178563 25215 24491 64987 70210 15996
2dFGRS (groups) — 25215 2337 8674 10809 2357
2dFGRS (isolated) 101398  — 18818 40728 34518 5555
SDSS (all) 516368 74511 54942 173320 208210 66884
SDSS (groups) - 74511 5500 24388 33552 9668
SDSS (isolated) 275109 - 42422 108535 97050 19311

Notes: N1 — the number of galaxies in a sample;N- the number of groups (and
first-ranked galaxies) in a sample; D1 to D4 — the number of galaxies in a give
density environment (D1 is the least dense and D4 is the most dense emem)n
The sum of D1 to D4 is less than,)y .., due to the edges of the survey, where the
densities are undetermined.

group, we determined their absolute magnitudes and peculiar radial velochies
we shifted these nearby groups, calculating the parameters of the drmwpk+e-
corrections and apparent magnitudes for the group members), as ifinesgrere
located at larger distances. As with the increasing distance more and rimdez fa
members of groups fall outside the observational window of apparentitndgs,
the group membership changes. We then determined new properties obtips gr
their multiplicities, characteristic sizes, rms velocities, and number densitiedsiéV/e a
calculated the minimum FoF linking length necessary to keep the group togéther a
this distance. To determine that, we built the minimal spanning tree (MST) for eac
group (see, e.g. Martinez & Saar 2002) and found the maximum length M$fe
links. Determining the mean values of the group linking lengths, we found that th
linking length in our group finding algorithm changes moderately with distaAce.
good parameterisation of the scaling law for the linking lengtfy§ is the arctan
function

drr(z) =dpro [l + aarctan(z/z,)], (2.3)

wheredrr, o is the value of linking length at the initial redshift; and z, are the
parameters. For the SDSS groups, the parameters have the walues.00 and
2 = 0.050.

Our final group catalogues are rather homogeneous. The grougsshmean
sizes and velocity dispersion do not practically change over distanceiding the
effect of a flux-limited sample. The homogeneity of our catalogues havetbsted
also by others. For example, Tovmassian & Plionis (2009) select poapgifoom
our SDSS catalogues and conclude that the main parameters of our greugis-
tance independent and well suited for statistical analysis.
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As a final result, the group catalogue for the 2dFGRS includes 252 Ufpgand
for the SDSS, 78800 groups with two or more members. The number of gakie
groups in the 2dFGRS and SDSS samples as used in the present thesisraia g
Table 2.1. The total number of groups and galaxies, used in the preseit, tfor
the SDSS sample is less than in the group catalogue by Tago et al. (20&8)ttsn
luminosity limits are tighter. The Table 2.1 gives also the numbers of galaxies and
groups in the four density regions; the calculation of the environmentalittesnis
described in Sect. 2.5.

2.4 Selection effects and luminosity function estimation

To calculate the luminosity function (LF) of galaxies, we need to know the numbe
of galaxies of a given luminosity bin per unit volume. The principal selectitace
that influences the determination of the luminosity functions in flux-limited surgeys
the absence of galaxies fainter or brighter than the survey limiting magnitlities.
effect is well seen in Fig. 2.3, showing the absolute luminosities of galaxi¢zglo
against their distance; at large distances only the brightest galaxiesesre s

To take this effect into account in the determination of the luminosity function, the
standard/,.. weighting procedure can be used. The differential luminosity function
n(L)dL (the expectation of the number density of galaxies of the lumindsity
L+dL) can be found as usual

I L;
n(LdL =" % (2.4)

wheredL is the luminosity bin width] 4 (z) is the indicator function that selects the
galaxies that belong to a particular luminosity bif,.« (L) is the maximum volume
where a galaxy of a luminosity can be observed in the present survey, and the sum
is over all galaxies of the survey. This procedure is non-parametdgjigas both the
form and true normalisation of the luminosity function. The choice of the luminosity
bin width d L determines the smoothness of the luminosity function.

The Eq. (2.4) gives us the binned density histogram that depends btik bin
widths and the locations of the bin edges; a better way is to use kernel sngpothin
(see, e.g. Wand & Jones 1995), where the number density of galaxegmésented
by a sum of kernels centred at the data points:

"= 12 Tl (L ;LZ) | 29

The kernelsk (z) are distributions ' (z) > 0, [ K (z) dz = 1) of zero mean and of
a typical widtha. The widtha is an analogue of the bin width, but there are no bin
edges to worry about.
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Figure 2.4: The shape of the kerrie{ () (red solid line). For comparison, a normal
distribution withe = 0.6 is given (blue dashed line).

As the luminosity function is rapidly changing with luminosity, especially at the
bright end of the luminosity function, the bin widths should vary. This is mosy ea
to implement by adaptive kernel estimation of the luminosity function — instead of
Eqg. (2.5) we write

1 1 L—-L;
n(L):;Vmax(Li)aiK< . > (2.6)

where the kernel widths depend on the datas= a(L;).

The choice of the kernel widths is a matter of ongoing study, but recommenda
tions are available (see, e.g. Silverman 1997). The kernel widths ankoalepend
on the densityf (z) itself, with a ~ f(x)~'/® for densities similar to normal distri-
bution. This choice requests a pilot estimate for the density that can be fisinmgla
constant width kernel.

We used the magnitude scale for our luminosity function (all luminosities and
kernel widths are in magnitudes), and thg box spline kernel:

1
K(z)=Bs(z)= E(y:c—2|3 —4z—1]* + 6|z —4|z+1]* + |z+2]*) . (2.7)

This kernel is well suited for estimating densities — it is compact, differing zerno
only in the intervak: € [—2,2], and it conserves masy:, B3(x — i) = 1 foranyx
(see Fig. 2.4 for illustration of th&s box spline kernel).
For the pilot estimate, we used a wide kernel with the saate 0.5 mag. For
the adaptive kernel widths, we adopted= 0.05 mag (the typical SDSS rms mag-
nitude error) as the minimum width (for the maximum density) and rescaled it by
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thea ~ fpﬂot(x)*l/f’ law. The luminosity function drops sharply at the bright end,
leading to very wide kernels; we restricted the kernel widtlu by 0.2 mag.

The maximum volumé/,.« (L), where a galaxy of a luminosit{ can be ob-
served in a present survey, is determined by the minimum and maximum distances
where a particular galaxy can be observed. The distance limits are cai;ulate
ing the limiting magnitudes of the survey and Eq. (2.1), wherektihe-corrections
for each galaxies are calculated taking into account the dependence obritec-
tion on distance that is slightly different for each galaxy. Firstly, we findatrerage
k+e-corrections that are calculated using the galaxies near the limiting magnitudes
of the survey and then calculate the moving average for every distaroe, th get
the k+e-corrections for a single galaxy at a given distance, we find the ratio of the
calculated averagk-+e-correction to the trué+e-correction for this galaxy at its
distance (when the galaxy belongs to a group, we use the distance obth® gnd
divide the calculated averadet-e-corrections by this value. The use of the average
k+e-corrections is justified, since thecorrection is colour and distance-dependent.

We are also interested in the “error bars”, pointwise confidence intefioiathe
number density of galaxies(L)). These can be obtained by smoothed bootstrap
(Silverman & Young 1987; Davison & Hinkley 1997; Fiorio 2004). Here tlaad
points for the bootstrap realisations are chosen, as usual, randomlyhieabserved
data with replacement, but they have an additional smoothing component:

LZ( =L;+ h€j, (2.8)

wherez is a random variable of the densif§(z) andh € (0, 1); we usedh = 0.5.

We generated 10000 bootstrap realisations, using the adaptive kedtted as for
the true luminosity function estimate. We show the centred 95% confidencesegio
in our figures in this thesis.

The method described above gives the estimated observational luminosity fun
tion. To facilitate comparison with different luminosity functions and with differe
studies, we fit the luminosity functions with analytical functions. For the analytic
function, we shall use the popular Schechter (1976) function

n(L)dL o (L/L*)* exp (—L/L*)d(L/L*), (2.9)

wherea and L* (or the respective absolute magnitutl€) are parameters. The pa-
rametera is the exponent at low luminosities aid is the characteristic luminosity
of the turning point of the function.

Additionally, we shall use a double-power-law form of the luminosity functin
double-power-law form of the group luminosity function was used alrésyd@hris-
tensen (1975), Kiang (1976), Abell (1977), and Mottmann & Abell (I97n these
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papers a sharp transition between two power indices at a characteristiosityiii*
was applied. We shall use a smooth transition:

n(L)dL o (L/L*)*[1 + (L/L*)) 5" d(L/LY), (2.10)

whereq is the exponent at low luminositi€d./L*) < 1, § is the exponent at high
luminosities(L/L*) > 1, v is a parameter that determines the speed of transition
between the two power laws, aiid is the characteristic luminosity of the transition,
similar to the characteristic luminosity of the Schechter function.

The Schechter function is simpler and the interpretation of the Schechtanpar
eters i and L*) are more straightforward. However, as shown in several papers, th
Schechter function is not always a best fit for the luminosity function @Blaet al.
2005b; Mercurio et al. 2006; Yang et al. 2008; Tempel et al. 20GPeaally at the
bright end, where the Schechter function underestimates the amount luif dpigx-
ies. Therefore, we shall use both, the Schechter function and thdedpolver law,
for analytical fits.

The parameters for the two analytical functions, derived from the SRES dre
shown in Table 3 in Tempel et al. (2011a), and for the luminosity functiosisyet
from the 2dFGRS data in Table 4 in Tempel et al. (2009).

2.5 Determining the environmental densities

Many galaxy properties, including luminosities, depend on the environmémaiew

the galaxy is located. Since one of our goals is to examine the variations oftie lu
nosity function with the environment, we have to compute the global environmental
densities. While we are mainly focusing on the global environment, the so called
supercluster-void network, we also determine the local environment, to certipa
effects of both environments and to emphasise the importance of the glefralen
ment.

We calculate the environmental densities in a similar way as done by Laun Juha
Lilvama&gi (see, e.g. Lilvamagi et al. 2010) for supercluster sedrich.method to es-
timate the total luminosities of groups has been used earlier by Einasto etG8aj20
and is further specified, developed, and applied to the 2dFGRS and S&ing3es
by the author of the present thesis.

To calculate the luminosity density field, we need to know the expected total
luminosities of groups and isolated galaxies. The primary factor that detesmine
the calculation of group luminosities is the selection effect, present in a flux-imite
survey: further away, only the brightest galaxies are seen and ibyezgions, the
brightest galaxies are left out of the sample. To take this into account, ladatad
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for each galaxy a distance-dependent weight faldtgr

B fooo Ln(L)dL

= , (2.11)
L
2 Ln(L)dL

Wy

whereL; 5 = L, 10%4Mo=M12) gre the luminosity limits of the observational win-
dow at distancd, corresponding to the absolute magnitude limits of the winddw
andM,, andn(L) is the luminosity function for all galaxies. To calculate the magni-
tudesM; and M5 we use the averagete-corrections at a given distance. We used
the double-power-law approximation for the luminosity function, with the patarse
a=-130,y=1.73,§ = —7.78, andM* = —21.98 mag.

To calculate the expected total luminosities of groups, we regard everygda
a visible member of a group. For isolated/single galaxies we made an assumption
that only the brightest galaxy of the group is visible and therefore the isiodzil@xy
is also part of some group. This assumption is based on observationgantfyne
galaxies, which indicate that practically all galaxies are located in systenasenfigs
of various size and richness.

Assuming that every galaxy also represents a related group of galatias)
may lie outside the observational window of the survey, the estimated total luibtginos
per one visible galaxy is

Lot = Lobs - Wa, (212)

where L, is the observed luminosity of the galaxy. The luminodity; takes into
account the luminosities of unobserved galaxies and therefore it casebleta cal-
culate the full luminosity density field.

To determine the luminosity density field, we must convert the spatial positions of
galaxiesr; and their luminositied.. ; into spatial densities. The standard approach
is to use the kernel densities (Silverman 1997):

D(r) =Y K®(r —r;;a) Lict.i, (2.13)

where K®)(x; a) is a suitable kernel of a width with a unit volume integral, and
L., is the weighted luminosity of théth galaxy that also takes into account the
luminosities of unobserved galaxies. The sum extends formally over adiga)dut

the kernel is usually chosen to differ from zero only in a limited range of tha-a
ment; this limits the number of galaxies in the sum. Good kernels for calculating
densities on a spatial grid are generated byRhepline kernel (see Eqg. (2.7)). This
kernel is close to Gaussian with = 0.6a (see Fig. 2.4). The three-dimensional
kernel K ®) (x; a) is given by a direct product of three one-dimensional kernels. Al-
though this is a direct product, it is isotropic to a good degree (Saar 2009)
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Figure 2.5:Left panel the weight factodV,; at different distances for the 2dFGRS
(grey dots) and SDSS (black line) samples. The scatter for the 2dFGRSess
caused by the varying minimum magnitude limit of the sampRight panel the
average global density in thin concentric shells, in units of the global measitde
(0.01526 x 10'° Lo Mpc~3) for the SDSS sample.

Using the rms sizes of galaxy groups and their radial velocity dispersions f
the Tago et al. (2010) catalogue we suppress the cluster finger tedistdftions,
spherising the clusters. This removes the smudging effect the fingerohabe
density field. After calculation of the density field, the densities are corvémte
units of mean density, where the mean density is defined as the averagdl pisegl
values inside the survey mask. The survey mask is designed to follow tles eflg
the survey and the galaxy distribution inside the mask is assumed to be horoogene
in the average.

We use the kernel widt h~'Mpc for the global environmental densities and
1 h~'Mpc to determine the local environmental densities. The main difference be-
tween these two densities is the environment that they determine: the locél dens
ties refer to the group/cluster environment, while the global densities refireto
large-scale (supercluster-void) environment. In essence, thesestwitids refer to
completely different structures in the Universe.

The left panel of Fig. 2.5 shows the weight fact@y for the 2dFGRS and SDSS
samples. The weight factor for the 2dFGRS is varying, since the lower itndgn
limit is varying in the 2dF survey. The weight factor for the SDSS is slightlydarg
than that for the 2dFGRS sample because the 2dF survey extends to rfaaaeir
tudes (see Fig. 2.3). The right panel of Fig. 2.5 shows the averagal glebsities in
thin concentric shells as a function of distance for the SDSS sample. Tha dlarir
sity is nearly constant over the distance, when the weight factor is apphgetions
in average density are due to the large-scale structure. This showsatisticzally,
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Figure 2.6: The density distribution of galaxies for the SDSS and 2dFGRSles.
The vertical lines show the limits for the four density environments.

the global environmental density is independent of distance and it is aggtiathtor
for the full galaxy sample.

In the present thesis we shall divide all galaxies into four classesrdingao
the value of the global environmental densidyat their location. The highest density
class represents the supercluster region, the lowest class is the vioid, mgd the
two intermediate classes are between these two classes. Both the void amgethe s
cluster region contain approximately 10% of all galaxies. The rest of tlaiga are
divided nearly equally between the two other regions. We designate thessef
gions as D1, D2, D3, and D4, where D1 is the void region and D4 is thedupter
region. The number of galaxies in each class for the 2dFGRS and SDhiffesaare
given in Table 2.1. Figure 2.6 shows the distribution of densities at galasyidms
in the SDSS and 2dFGRS sample; the vertical dashed lines show the bear{da,
2.0, and 5.0) for these four density regions.
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CHAPTER 3
ACCOUNTING FOR DUST ATTENUATION IN SPIRAL
GALAXIES

In this chapter we delineate the necessary steps to correct the galaxy sitragfor
internal attenuation. Since dust affects mostly late-type, spiral galaxéestant this
chapter with classifying galaxies into spirals and ellipticals. Since dust atienua
also depends on the galaxy inclination angle and galaxy colour (or galaey,ty
we build the necessary tools to take that into account. We will end this chapter b
showing how our attenuation correction works.

Since we study the dust attenuation only in the SDSS sample, we derive the
attenuation corrections only for SDSS galaxies.

3.1 Automated galaxy classification in surveys

Spiral galaxies have more dust than ellipticals and therefore the obdemedsities
of spiral galaxies are more affected by dust. If we want to correatdst attenuation,
we have to know the morphology of a galaxy.

As one source, we will use the morphological classification by the Galary Zo
project (Lintott et al. 2008). The Galaxy Zoo project has led to morphcébglassi-
fication of nearly one million objects from the SDSS data set through visysgdns
tion. Banerji et al. (2010) used the Galaxy Zoo data to develop a machimenga
algorithm (an artificial neural network) for galaxy classification; theyehalso pub-
lished distribution histograms for different parameters of various typesbjafcts:
stars, spirals, ellipticals, and mergers. In the present thesis we uséibieggams
as the basis for selecting dominantly spiral or elliptical galaxies. Additionaky, w
will use the galaxy colour distributions from Lintott et al. (2008).

We will compare the distributions from the Galaxy Zoo project with our own
visual classifications. We have classified a small sample (of nearly onsahdu
galaxies in the Sloan Great Wall region (Einasto et al. 2010). In this stedysg
only galaxies with a clear classification to test the distributions taken from tlaexysa
Zoo project. Additionally, we found another criteriofiracgey) to classify galaxies
into spirals and ellipticals; this criterion, together with the visual ellipticity of the
galaxy, gives a good base for morphological classification.

In the SDSS one of the main parameters that determines the type of a galaxy is
the photometric parametgracq.v — the point-spread function corrected indicator of
galaxy morphology. The surface luminosity distribution of each galaxy in D&
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has been fitted by the exponential and the de Vaucouleurs profiles. eBhdiriear
combination of these is used to represent the profile of the galaxyrand.y indi-

cates the fraction of luminosity contributed by the de Vaucouleurs profilencBei

et al. (2005) usedracgey > 0.8 to select early-type galaxies. Shao etal. (2007) used
fracgev < 0.5 to select galaxies that are dominated by the exponential component
(i.e. spiral galaxies).

We combine the valugracgqey With the exponential profile axis rati@.y, to
make the primary classification. In Fig. 3.1 we show fh@cgey Versusgey, plot;
crosses are spiral galaxies and circles are elliptical galaxies as clhssifleinasto
et al. (2010). As seen in this Figure, all galaxies, which havg < 0.4, are spi-
rals; the corresponding distribution in Banerji et al. (2010) confirms tAkto van
den Bosch & van de Ven (2009) showed that for elliptical galaxies, tied eatio
is mostly greater than 0.5. We see also that when moving toward lower values of
fracqev, the spiral dominated region becomes larger: the valygigfcan be larger.

This is expected, since low values ffacgey point to disc-dominated objects. In
our classification we will take this behaviour into account and it agreeswithlithe
colour distribution of galaxies. The dashed line in Fig. 3.1 shows the limit fioalsp
galaxies. We will also leave unclassified those galaxies wiieseg.yy > 0.95 or
fracqey < 0.05, since classification at these extreme values may be rather uncertain.

For all other galaxies that can not be classified directly in fthecq.yv versus
gexp PlOt, we use the galaxy colours as additional parametres. The distribufions o
galaxy colours for different types of galaxies have taken from Baeéuil. (2010)
and Lintott et al. (2008); additionally, we have checked these distribyticsisg our
own small sample of visually classified galaxies. The details of classificat®n ar
given in Tempel et al. (2011a).

Figure 3.1 shows our classification in tfieacqey VErsusgex,, plot: all galaxies
that are marked by red points, are classified as spirals; all galaxies¢hataaked
with blue points, are classified as ellipticals; grey points are non-classiiedigs.
Figure 3.2 shows the classical colour magnitude diagram for our galaxieals are
statistically bluer and fainter and ellipticals are brighter and redder. Sincsevalso
other parameters than colours for galaxy classification, some of the spiedécated
in the region, where mostly ellipticals reside; however, the number of thesdssp
is relatively small (20% of all spirals). Most of these red spirals are thdsere
fracgev is large: e.g., their luminosity profile is bulge-dominated, but the visible
axial ratio @.xp) is small and therefore we have classified these galaxies as spirals.
Practically all the disc-dominated spirals are located below elliptical galaxiessin th
colour-magnitude diagram.

Recently, Huertas-Company et al. (2011) have published automatedatagph
cal classification of galaxies from the SDSS sample. They associate witlyakxy
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Figure 3.1: Classification of galaxies into spirals and ellipticals. Red pointstigmos
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Figure 3.2: The colour-magnitude diagram for spiral and elliptical galaxidse
spirals are marked by blue dots (the lower cloud) and the ellipticals by redttets
upper cloud).
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being early- or late-type galaxies for our classified spirals (blue solid éind)ellip-
ticals (red dashed line).

a probability of being in the four morphological classes: two early-typesela$E
and S0) and two late-type classes (Sab and Scd). We assign the Hhemasny
et al. (2011) probability of being early- or late-type to our galaxies. In Big the
distributions of these probabilities are shown. It is well seen that ourifitat®n
agrees well with the Huertas-Company et al. (2011) classification.

In our classification for the SDSS sample about half of the galaxies (4&96pa
rals, about one quarter (25%) are ellipticals and for 30% of galaxies|absification
is unclear.

3.2 Restoring the intrinsic inclination angle

The intrinsic absorption is closely related to the morphology of a galaxy. Additio
ally, the attenuation depends on the inclination angle (Tuffs et al. 2004deiDet al.
2007b; Tempel et al. 2010). To take this effect into account, we needdw khe
intrinsic inclination for every galaxy. Since the intrinsic inclination angle depen
both on the visible and the intrinsic axial ratios, we can restore the intrinsic &clin
tion angle only statistically. When studying dust attenuation, the inclination angle is
needed only for spiral galaxies.

Assuming that we know the axial ratios and the intrinsic inclination angle of a
galaxy, we can calculate the apparent axial rati b/a using the formula given by

Binney (1985)
<b>2_A+C«/(AC)2+B2 3.1)
a)  A+C+\(A-CP+B? '
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where

)
A = CO;; i (sin2 & + Coﬁz ¢> + 5122 b (3.2)
B = <1 — <12> 512(:0898111 2¢, (3.3)
-2
C = (SII;2¢ + cos? QS) '512 (3.4)

In the last equation], > ¢ > &, € is the ratio of the shortest semi-axis to the longest
semi-axis and is the axial ratio of the two longest semi-axéss the inclination of

a galaxy — the angle between the plane of the galaxy and the plane of theiskiie
angle between the the longest semi-axis and the line of sight.

The SDSS gives the apparent axial ratiof the galaxy image. For spiral galax-
ies we use the-band axial ratiag.y,,, taken from the best fit of the image with an
exponential profile convolved with the point spread function (Stoughtah 2002).

To calculate the inclination angtefrom Eqg. (3.1), we use a statistical approach.
We assume that the longest semi-axes are randomly oriented in space aatibthe
& and( are random, with given probability distributions. We use the Monte Carlo
method to select random values for the inclination angle and axial ratios.

To find the intrinsic ratio of the shortest semi-axis to the longest semi-axis, we
use galaxies with a small value @f,, and assume that this value is the ratioAs
demonstrated by Shao et al. (2007), the apparent axial ratio depeitlds apparent
size and therefore, the valuefflepends also on it. More details are given in Tempel
et al. (2011a).

Since the discs of spiral galaxies are not round, the (aisdess than one. Ryden
(2004) showed that the intrinsic axial ratio of disc8.&51() 3, that is slightly smaller
than derived by Andersen & Bershady (2002p(7)9%). Both values are close to that
derived for elliptical galaxies by van den Bosch & van de Ven (2008@Yhis study
we adopt the distribution with the maximum at 0.9; toward larger values, the 2-
deviation is 0.05, and toward smaller values this deviation is 0.1. Additionally we
demand that the value gfhas to be larger than the shortest-to-longest axis ratio.

3.3 Model for dust attenuation calculation in galaxies

To study the dust attenuation in galaxies, and how the attenuation depetids on
viewing angle of a galaxy, we use the model of the nearby galaxy M 31. i$n th
section we construct the model of M 31, change the viewing angle of thrygaiel
study how the attenuation changes. The details of model construction plich#ipn

to M 31 are described in Tempel et al. (2010) and Tempel et al. (2011b).
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The physical properties of dust and the extinction of the stellar light in axgala
are determined by an interplay between the spatial radiation field and therelinst
at each location within the galaxy. The calculations of the intrinsic extinction in a
galaxy should thus be based on the spatial luminosity distribution of the gahalxy a
the spatial density distribution of the dust grains.

3.3.1 The density distribution model for the stellar components

In this subsection, we develop a sufficiently flexible model for describiegsfia-
tial distribution of the luminosity of a galaxy. A two-dimensional projection of the
model can be compared to the observed surface brightness distributittmeamodel
parameters can be adjusted.

The model galaxy is given as a superposition of its individual stellar coergen
Each visible component is approximated by an ellipsoid of rotational symmetry with
a constant axial ratig; its spatial density distribution follows Einasto’s law

I(a) = 1(0) exp [— <a)w] : (3.5)

k’a()

wherel(0) = hL/(4mqa?) is the central density anf is the luminosity of the com-
ponenta = /r? + 22 /q?, wherer andz are two cylindrical coordinates, is the
harmonic mean radius that characterises the real extent of the compdihento-
efficientsh andk are normalising parameters, dependent on the structure parameter
N. The definition of the normalising parametdrsaand k£ and their calculation is
described in appendix B of Tenjes et al. (1994). The luminosity densityldison
(Eq. (3.5)) proposed by Einasto (1965) is similar to the Sérsic (1968)dasuiface
densities. The differences between the Sérsic law and the two-dimensiojeadtion
of Eq. (3.5) are listed in Tamm & Tenjes (2005).

In the case of a young disc the spatial density distribution is assumed to have
a toroidal form, approximated as a superposition of positive and a negigivsity
components, both following Eq. (3.5).

The density distributions of all visible components are projected along thefline o
sight and their sum yields the surface brightness distribution of the model

a)ada
_22 /a2 I (3.6)

whereA is the major semi-axis of the equidensity ellipse of the projected light distri-
bution andQ; are their apparent axial ratieg* = cos? i + ¢ sin?i. The inclination
angle between the plane of the galaxy and the plane of the sky is denoted by
summation indey designates each visible component.
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Figure 3.4: Geometry of the dust disc model. The line-of-sight optical depthree
positions A, B, and C is indicated. The figure is illustrative only.

3.3.2 The dust disc component

Let us now implant a dust disc component into our galaxy model, allowing us to
calculate absorption along each line of sight through the galaxy.

Equation (3.6) will give the luminosity density along a line-of-sight, if no dust e
tinction exists. The intrinsic luminosity density for each component can belatddu
by the equation

2
Z 7” Z] —7(r,25 )}

7j=1
rdr, 3.7
)[ sini vr? — X2 3.7)
Yy VrZ — X2
212 = —— * d— , (3.8)
’ sin ¢ tan?

wherel(r, z) denotes the spatial luminosity density (Eg. (3.5)) of the component,
L(X,Y) is the corresponding surface brightness distribut®randY” are the coor-
dinates in the plane of the sky, an@-, z) is the optical depth along the line-of-sight
(see Fig. 3.4).

The optical depthr(r, z) is zero between the observer and the dust disc and
7(r,z) = Tmax behind the dust discry.x is the total optical depth along a given
line of sight and is thus a function ¢fX,Y"). Inside the dust discr(r, z) varies
betweer) andr,,x.

The optical depth between the observer and a point inside the dust disgeca

written as
B

J ndust (s) ds
7(7, 2) = Tmax (X, Y)%i,
fndust(s) ds
A

(3.9)
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where integration is done along the line of siglandng,s(s) is the density of the
dust disc.

To gain a simple but nevertheless flexible model for the dust disc, we #uopt
following form for nquet:

Ndust (7"; Z) = fdust (T’) : n(a)7 (310)

wheren(a) is the exponential law (Eq. (3.5)) anfdus: () describes deviations from
the exponential law. The density of dust decreases exponentially in-divection
according to Eg. (3.5). Multiplication by, () allows the density behaviour to be
more flexible along the-direction.

Assuming that the column density of dust is proportional to the far-infrimed
the map ofryax (X, Y') can be derived from far-infrared imaging:

NMBWN,T")

max X,Y = 1 By X7Y ’
Tanax.f ( ) =crn oy ( )(/\/)BB()\,T(X,Y))

(3.11)

where F\/(X,Y) is the far-infrared flux map at a reference wavelengthl” is a
reference temperatur&;(X,Y) is a map of the dust temperaturB(\, T') is the
black-body functiong is the dust emissivity index, ands an empirical calibration
constant, corresponding to the reference wavelength and tempeegatdte,the filter
f of the optical observationg (x A\/E(B — V) = Ry Ay/Ay).

Equation (3.11) gives the total extinction map in the plane of the sky. To calcu-
late the actual intrinsic extinction, we also need the density distribution of the dus
discnqust (r, z) for Eq. (3.9). We can compare the projection of the model density
distribution (given by Eq. (3.6)) with the observed column density distribubon
dust (i.e. the far-infrared maps) to determine the funciign;(r) and the parame-
ters forn(a). The observed column density of the dust disc is thereby converted into
its spatial density. More precisely, we can only determine the shape of tisgyde
distribution of the dust disc; its absolute calibratiof®) remains unknown. In the
present case, the calibration constant cancels out in Eq. (3.9) andrigudared for
our model.

In the final step, the derived optical depth map, »(X,Y") and the function
nqust (7, 2) are inserted into Eq. (3.9) and the extinction-corrected surface briggtne
along each line of sight can be calculated from Eq. (3.7).

3.3.3 The photometrical model and the dependence of attenuatiam inclina-
tion

The model described above was applied to M 31 in Tempel et al. (2010)eandel
et al. (2011b). In the context of the present thesis, we are interestgdrothe
dependence of attenuation on the viewing angle for a galaxy.
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With the help of the model, we can study the dependence of dust extinction on
the inclination angle, on the total optical depth and on the thickness of thelidast
In Fig. 3.5 we show the results for three relative thicknesses (the ati ¢ of the
dust disc: 0.005, 0.014, and 0.042, designated as ‘thin’, ‘medium’, thiek’, re-
spectively, and for three values of the optical defath.57ax, 1.07max, aNd2.07max,
wherer,.x iS the optical depth as derived for M 31. The other parameters have been
set according to the model derived for M31. In the upper panel, thectixtinis
calculated for the whole galaxy, in the middle panel, for a pure bulge comparel
in the lower panel, for a pure disc component.

In the case of the above-described model of M 31, the total extinction wiuld
maximum if the inclination angle of the galaxy were approximateR. & lower in-
clination angles (a more face-on orientation) the total extinction decreaseseault
of the decreasing line-of-sight optical depth. For an edge-on galaxy.¢s(i) = 1),
the visible area of the dust disc becomes negligible, and the total extinction ik low
is seen from Fig. 3.5 that extinction is lower for the disc component thanddmitge
and increases more rapidly while moving to higher inclination values. The &gtinc
maximum occurs at higher inclinations for a disc than for a bulge. A similarrdepe
dence of dust attenuation on inclination was predicted by Tuffs et al4j20@] was
confirmed observationally by Driver et al. (2007b), using differentiei® and data.

Figure 3.5 also shows that the extinction maximum shifts slightly towards lower
inclination angles as the optical depth increases; of course, the totaltmxtint
creases as well. On the other hand, the total extinction is almost insensitive to th
thickness of the dust disc at low and intermediate inclination angles. This is ex-
pected, since the extinction of light emitted outside the dust disc only depante o
optical depth of the dust disc and the geometry of the dust disc affectdhmnkyx-
tinction of light emitted inside the dust disc. In most cases, the line-of-sigltribgs
of the dust disc is smaller than that of the stellar components and therefdmahe
extinction does not change when changing the geometry of the disc.

For very high inclination angles, the thickness of the dust disc becomes much
more important, especially if the optical depth is high as well. However, alriady
M 31 and for galaxies at lower inclination angles, the line-of-sight optiegthl is
the dominant factor.

3.4 Accounting for dust attenuation in spiral galaxies

In this section we describe the necessary steps to take dust attenuatioccimiota
when estimating the luminosity function (LF) of galaxies. We will use the morpho-
logical classification, derived in Sect. 3.1; dust attenuation will be coresider spi-

ral galaxies only. Late-type spiral galaxies have generally more dusetudy-type
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Figure 3.6: The dependence of attenuation on galaxy inclination for distréted
and bulge-dominated spiral galaxies.

spirals, thus dust attenuation is higher there; we will take that into accotiig. |
known that blue galaxies have more dust and therefore dust attenuataoges for
redder galaxies dust attenuation is less important. The colour of a galalepiara
indicator of the galaxy type. Mufioz-Mateos et al. (2009) have showndilst at-
tenuation for spiral galaxies has a large scatter and is nearly constanidoand
late-type spirals. For early-type spirals, the attenuation decreases.

Additionally, dust attenuation also depends on the inclination angle, as shown
in Sect. 3.3.3. The inclination-dependent attenuation curves used in thisas®id
shown in Fig. 3.6. To classify galaxies into bulge-dominated or disc-domirsgied
rals, we use the parametéracqcy: for lower values, the galaxy is disc-dominated
and for larger values, the galaxy is bulge-dominated. We use linear itagéqoofor
fracqgev When moving from disc-dominated galaxies to bulge-dominated galaxies.
Since we do not know how the attenuation depends exactly on the inclinagda an
and galaxy colour, we have used only the general trends to statisticalgcttire LF.

We calibrated the corrections by comparing the LFs for galaxies at differelina-

tion angles. For each galaxy subtype (colour) we modify the attenuatisasgiven

in Fig. 3.6, to minimise the differences between the shapes of the LFs foreditfe
inclination angles. For that, we multiply the attenuation curve by a factbat de-
pends on the galaxy rest-framer colour. For red spiral galaxies (withrr > 2.2),

x = 0.5 provided the best fit. This is expected, because red galaxies tend tinconta
less dust. For galaxies withrr < 1.8, z = 1.0. For the intermediate galaxies, the
factorx changes linearly with the-r colour.

Figure 3.7 shows the LFs for the observed and attenuation-correctedokimin
ties for the edge-on and the face-on samples of galaxies. For the adgg¥ple
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cosf < 0.2, for the face-on sampleosd > 0.8. It is well seen that the observed
LFs are quite different for the face-on and edge-on galaxies, whilattbauation-
corrected LFs are quite similar. Figure 3.8 shows the attenuation-corteotétbs-
ity functions for the spirals and the ellipticals and for all galaxies togetheaffateht
inclination angles: edge-on, face-on, and intermediate inclination anghesinier-
mediate inclination angle sample is definedby < cos 8 < 0.6. We see that the LF
is nearly inclination independent. For the edge-on spirals and for alledgalaxies
together, small differences are still noticeable.

From Figs. 3.7 and 3.8 we can conclude, that the inclination angles and the at-
tenuation for spiral galaxies have been restored correctly for subséegtatistical
analysis and for luminosity function calculations.
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CHAPTER 4
LUMINOSITY FUNCTION FOR THE 2DFGRS sSAMPLE

This chapter covers the main results of Tempel et al. (2009). Since we etbdifi
slightly our method to calculate the luminosity function after the paper was putllishe
we have recalculated all the luminosity functions presented in this chapteg,the
method described in Sect. 2.4. Additionally, we use a slightly different emviemtal
density calculation algorithm and thereof the density limits for various enviratsne
have been changed. The method to calculate environmental densities ukesd in
thesis is described in Sect. 2.5. Consequently, the luminosity functionspdse
this thesis are slightly different from those given in Tempel et al. (20B@)wever,
the general picture remains the same. The 2dFGRS catalogue used ibetkstr
Sect. 2.1, and the corresponding group catalogue is described in fTalg¢2906).

4.1 The luminosity function in different environments

Calculation of environmental densities around each galaxy is describestin2s5.
We have divided all galaxies into four classes, according to the valuesdjlttpal
environmental densityp. The limiting densities for this four classes are 0.8, 2.0, and
5.0 in units of the mean density. The limits are chosen so that the lowest (D1) and
highest (D4) density regions include roughly 10% of all galaxies, andrttesme-
diate regions (D2 and D3) include a roughly equal number of galaxiesSset. 2.5

for more details). The numbers of galaxies in each sample are given in Zdble
To study in detail the luminosity function of galaxies in groups, we shall ddtie
luminosity functions for the group brightest (first-ranked), secomiked, and satel-
lite galaxies separately. Additionally, we derive the luminosity functions fdaied
galaxies.

The study of galaxies in groups is tightly related with the halo occupation dis-
tribution models (see e.g. Yang et al. 2004; Zehavi et al. 2005; van dechBet al.
2007). In these studies, the properties of central and satellite galaxigdheinsur-
rounding haloes are analysed. In this chapter, we use the luminosity foutestudy
the galaxies in groups. A short comparison between our results andithedcapa-
tion distribution models are given in Chapter 6.

4.1.1 The brightest group galaxies

We use our galaxy samples and the catalogue of groups of galaxies ttatmlcu
the LF for the first-ranked (brightest group) galaxies. The galaxylagia by
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Figure 4.1: Differential luminosity functions of first-ranked galaxies. Turections
have been calculated for four classes of global environmental deisityD2, D3,
D4 (from voids to superclusters). The filled areas show the 95% caowidegions.

Tago et al. (2006) includes 25215 groups with two or more members. Talegae
gives for each group the luminosity of the first-ranked galaxy (the most lumin
galaxy in theb;-filter). In the present study we shall not use other galaxy properties,
such as spectral type, colour index or possible activity, to identify therfirked
galaxies. These morphological aspects deserve a more detailed stuidyaiiside

the scope of the present investigation.

We calculated the differential LFs of first-ranked galaxies in variousremv
ments. The numbers of first-ranked galaxies used are given in Tabls&xlii{e
2dFGRS groups row, since the number of groups equals the numbestaffiked
galaxies).

The differential LFs of first-ranked galaxies are shown in Fig. 4.1 ftfernt
environmental densities. We note that the normalisation of the LF in the present
thesis is different from that in Tempel et al. (2009). In the presenightd® LFs
are normalised to the volume of each environmental density, while in Tempkl et a
(2009) the LFs are normalised to the volume of the full sample. The same iserlid f
other LFs presented in this section.

Figure 4.1 shows that there exist large differences between LFs inatitffenvi-
ronments. The brightest first-ranked galaxies in voids have a factotm#3ower
luminosity than the brightest first-ranked galaxies in regions of higher anmieotal
densities. For this reason the whole LF of void first-ranked galaxies iedhdward
lower luminosities. While moving toward higher environmental densities, there ar
more brighter galaxies per unit volume. Meanwhile, the numbers of fainkigala
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Figure 4.2: Differential luminosity functions of the second-ranked gatasdgroups
in different global environments. The filled areas show the 95% cordelergions.

are almost the same in all environments.

The second large difference between the first-ranked galaxy luminasities-
ious environments is the clear decrease of the numbers of faint galaxiess imott
dense (supercluster) environment. Contrary, in the least dense émiitbnment,
the numbers of faint galaxies increase toward smaller luminosities. The LEsefo
two intermediate density regions (D2 and D3) show that the changeoverdne
region to the other is smooth. Additionally, the supercluster environmerggdhe
decrease of the faint end of the LF also for other galaxies (satellites aladeid
galaxies), but in this case, the decrease is shallower, as we shalleee be

4.1.2 The second-ranked galaxies of groups

We define the group second-ranked galaxy as the most luminous satellitg gala
the group: it is the second luminous galaxy in the group.

In Fig. 4.2 we plot the differential LFs of the second-ranked galaxiegaiips
in different environments. The overall picture is similar to the LFs of the fasked
galaxies. The primary difference is that the bright end of the LF (numéasities of
bright galaxies) for the second-ranked sample is shifted toward lower dsitigs.

In Tempel et al. (2009) we proposed that the second-ranked galexiggh den-
sity environments had been first-ranked galaxies before they were dnsma larger
cluster via merging of groups into larger systems. As a simple test of this, we plo
in Fig. 4.3 the differential LFs of two populations: the first population consifts
the second-ranked galaxies in the supercluster environment; the Secpulation
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Figure 4.3: The differential luminosity functions of two populations: solid linéise
second-ranked galaxies in the supercluster environnient(4.6); dashed lines —
the first-ranked galaxies in the void environmeht € 1.5). The upper (black) lines
are for all galaxies; the middle (red) lines are for the red population (slttibe/n by
one unit in thelog(n(L)) scale); the bottom (blue) lines are for the blue population
(shifted down by two units in thivg(n(L)) scale). The filled areas show the 95%
confidence regions.

consists of the first-ranked galaxies in the void region. The density limits (5 a
4.6) in Fig. 4.3 are chosen to compare better the high and low density relfiersee
that these two distributions are pretty similar. There are differences aititeend of
the LFs, but these are caused by the environment; there are only arfigfirfa- and
second-ranked galaxies in high-density regions. Thus we see thadbedsranked
galaxy LF in high-density regions is similar to the first-ranked galaxy LF in the lo
density environment. In this test we assume that there is no significant evohitio
galaxy luminosity during the merger in high density environments for these-galax
ies, which are the brightest galaxies of groups before the merger. 3usngtion

is plausible, since in high-density regions rapid evolution of the first-idglkdaxies
occurs mainly in the early stages of evolution and before the last merget, gve
evolution of the first-ranked galaxies should be finished.

To show that this similarity is not accidental, we divided these galaxies into two
samples (red and blue galaxies), using information about the colourslafiem
(the rest-frame colour indexol = (B — R)g, Cole et al. (2005)). We used the
limit col = 1.07 to separate the populations of red (passive) and blue (actively star-
forming) galaxies. For these two samples the LFs are still similar (see Figoalg),
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Figure 4.4: The differential luminosity functions of satellite galaxies in difiere
global environments. The filled areas show the 95% confidence regions.

the supercluster galaxies are in average 0.15 mag redder than the voidgaldis
shift was also seen in Einasto et al. (2007) where it was shown thatnhpttte
brightest galaxies, but all galaxies in superclusters are redder thsmithwoids.

As a conclusion, the first-ranked galaxy population is different fronh dfidghe
satellite (second-ranked) galaxy population, but the changeoverdnenpopulation
to the other is smooth, depending also on the global environment, whereléxe ga
ies/groups are located.

4.1.3 Other satellite galaxies

We define the group satellite galaxies as all galaxies in groups, excludirfystie
and second-ranked galaxies.

In Fig. 4.4 we show the differential LFs of the satellite galaxies in groupssé&h
LFs are similar to the LFs of the second-ranked galaxies, except atitite bnd,
where the satellite galaxy LFs have slightly smaller luminosities, as expected-by de
inition. The primary difference is that when moving toward higher densityrenv
ments, there are more satellite galaxies per unit volume than of the secdedtran
galaxies. For the second-ranked galaxies, at the faint end of thdl ERvaonments
have a roughly equal number of galaxies per unit volume, while for théisagzlax-
ies, there are differences between various environments: the mostatddi cbffer-
ence is for the void environment. This suggests that the groups are satladrin
voids. We arrive at the same conclusion, when looking at the numbersubgand
galaxies in Table 2.1: the mean number of galaxies per group in the void emeérd

50



10-1 n LA DL L L RN R RN EELE A EELE LA EL T L
Isolated galaxies
F'"_| 10_2 E
=)
£ 3
o 107 F E
o
o
= 107} .
- r —— D1 (void) RN
= 105 L SR
SWF e D2
IR D3 N
100 | o D4 (supercluster) U
1 1 1 1 1 1 1

-15 -16 -17 -18 -19 -20 -21 -22
MbJ - 5logh (mag)

Figure 4.5: Differential luminosity functions of isolated galaxies in differgiobal
environments. The filled areas show the 95% confidence regions.

is rather small. Later, in Fig. 4.6 we will see that in the void environment, the LFs
of the second-ranked and satellite galaxies are rather similar. The last #inalao
suggests that the evolution/formation of void satellite galaxies is similar: i.e., there
are no big differences between the second-ranked and other satdlitgegan the
groups in voids. This is reasonable, since in the void environment meagerare,
and the mechanism that formed the second-ranked galaxies in high-densitne
ments, does not work here; the second-ranked galaxies form amg ea® other
satellite galaxies in the void environment.

Similarly for the first-ranked galaxies, satellites and the second-rankexiem
in the highest density environment have a decreasing faint end of the LF.

4.1.4 Isolated galaxies

We define all galaxies that do not belong to groups/clusters in the Tago(20@6)
group catalogue, as isolated galaxies. In this section we present thd |dedated
galaxies; we shall discuss the nature of isolated galaxies later, in a &epacton.

In Fig. 4.5 we show the differential LFs of isolated galaxies in differemti-en
ronments. The LF of isolated galaxies in the supercluster environmentrisadég
at the faint end (similar to other populations). The differences in the LEsight
isolated galaxies between various environments are slightly smaller than far oth
populations.
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Figure 4.6: Differential luminosity functions in different environments amdtiffer-
ent galaxy populations. Solid lines show the first-ranked galaxies; ddisies — the
second-ranked galaxies; short-dashed lines — satellite galaxies; dott®d Isolated
galaxies. The filled areas show the 95% confidence regions.

4.1.5 Comparison of LFs in different environments

To see more clearly the trends between different populations in varigireements,
we show in Fig. 4.6 differential LFs of galaxy populations in various emvirents.
In Fig. 4.6, the LFs have been normalised to the mean number density. Baslh pa
represents a different environment, and in each panel we show thefldf$erent
populations (the first-ranked, second-ranked, satellite, and isola@des.

Figure 4.6 (upper-left panel) shows that in voids, the bright end of the df
all galaxy populations is shifted toward lower luminosities. Interestingly, tighbr
end of the LF for isolated galaxies in voids is comparable to that of the finkech
galaxies. We discuss the possible reasons for that in the next sectehF§tof the
second-ranked galaxies and of other satellites are comparable.

In the D2 environment (Fig. 4.6, upper-right panel) the bright ends ef_tis
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for the first-ranked galaxies and for isolated galaxies are similar, whilertgbtbst
second-ranked galaxies and satellite galaxies are fainter. The LFs e&tad-
ranked galaxies and of other satellites are comparable, although therkgistdns
crease of the LF of satellite galaxies at the lowest luminosities. The LF of 8ie fir
ranked galaxies, in contrary, has a plateau at the faint end, withowg sfgtistinct
increase.

The LFs for the D3 environment are shown in the lower-left panel of4&&). For
a wide range of luminosities, the LF for the first-ranked galaxies is slowledsing
toward fainter luminosities, while the LFs for other galaxy populations havataegu
(or a slight decrease at the faintest end).

The LFs for the supercluster (D4) environment are shown in Fig. 4.&rloight
panel. We notice the striking difference between the LFs in superclusigtbe LFs
in other environments: here all LFs have a well-seen decrease at theridiof the
LF, which for the first-ranked galaxies was seen already in the D3 enmizat.

When comparing the first-ranked and isolated galaxies, the LFs in the vaa)d (D
environment are quite similar. In the void environment, the differences etz
first-ranked and isolated galaxies are the smallest: i.e., in the void envirotineent
first-ranked galaxies of groups are fainter than those in higher demsiilpements,
which was also noticed by Einasto et al. (2007). When moving toward higrer
sities, the differences between these two populations increase: the dmijbf the
LF of the first-ranked galaxies becomes more luminous and at the fainisetated
galaxies start to dominate.

Another comparison can be made between the second-ranked andabétiges
galaxies. In the void (D1) environment, the LFs of these populations are simila
except at the bright end, where small differences are noticeableeThk#erences at
the bright end are noticeable also in other environments, which is excapied,by
definition the satellite galaxies are fainter than the second-ranked galaxies.

Furthermore, at the faint end of the LF, in the void environment, the difte®n
between these four populations are quite small. When moving toward highm glo
environments, the differences at the faint end of the LF are increadihgg sug-
gests that in the void environment, the formation of faint galaxies is similar for all
populations. In the void environment, mergers are not the dominant facgatamy
evolution and quiescent evolution can form galaxies of all types in a quite simila
way.

In summary, the most dense environment (superclusters) is diffemntdther
environments: the numbers of faint galaxies decrease while moving towtiiainter
galaxies, and the brightest first-ranked galaxies are brighter than sheaiked
galaxies in lower density environments (compared with other populations).
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4.2 Nature of isolated galaxies

We propose that a fraction of isolated galaxies are the first-ranked igslak
groups/clusters, which have all its fainter members outside the visibility window o
the survey. A direct way to verify this assumption is actual observatiomioter
galaxies around isolated galaxies; this would need a dedicated obseaVation
gramme. However, we can check if the presence of fainter companioosgatible

with other data on the distribution of magnitudes of galaxies in groups. First, we
analyse the luminosity function of isolated galaxies and examine how many isolated
galaxies could actually be the first-ranked galaxies and how this ratio deperthe
environment.

4.2.1 The luminosity function of isolated galaxies

Figure 4.7 shows the LFs for different types of galaxies in all environsiegether.
The overall shape of the LFs in Fig. 4.7 suggests that isolated galaxies enay b
superposition of two populations: the bright end of their LF is close to thatef
first-ranked galaxy LF, and the faint end of the LF is similar to the LF of satellite
(or the second-ranked) galaxies. Actually, in Fig. 4.7, the bright entieoLF of
isolated galaxies is between the LFs for the first- and second-rankedegalaut in
Fig. 4.6 we see that for the D1 to D3 environments, the bright end of the isblated
galaxies is closer to the bright end of the LF of the first-ranked galaxigdnahe D4
environment, the bright end of the LF of isolated galaxies is close to the lenghbf
the LF of the second-ranked galaxies. Previously, we showed thattbad-ranked
galaxies in high-density environments have been the first-ranked galbhgiese we
can count them as the first-ranked galaxies. Consequently, Fig. 4. Tisatible
with the assumption that the brightest isolated galaxies in our sample are actaally th
brightest galaxies of invisible groups.

In the supercluster environment the brightest isolated galaxies are thiatethe
brightest first-ranked galaxies (see Fig. 4.6), but they are brightarttreasecond-
ranked galaxies in this environment. Earlier we showed that the secokdergalax-
ies in high-density regions are similar to the first-ranked galaxies in lowesige
regions. In other words, the second-ranked galaxies in the supgeratusironment
can be considered as the first-ranked galaxies of groups/clusters bef last merger
event.
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Figure 4.7: Luminosity functions of different types of galaxies for the $alinple
volume. The solid line shows the first-ranked galaxies; the dashed line edbed
ranked galaxies; the short-dashed line — satellite galaxies; the dotted linkatedso
galaxies. The filled areas show the 95% confidence regions.

4.2.2 Magnitude differences between the first-ranked and secon@nked
galaxies in groups

A simple test to examine the assumption that isolated galaxies can be the fiest-rank
galaxies, is the following. A group has only one galaxy in the visibility window,
if its second-ranked galaxy (and all fainter group galaxies) are faingar the faint
limit of the luminosity window at the distance of the galaxy. Thus we calculated for
each isolated galaxy the magnitude differeddgg i<, = M; — My, whereM; is

the absolute magnitude corresponding to the faint limit of the apparent magnitud
window (on averagen; = 19.45, but it fluctuates from field to field), antl/;, is the
absolute magnitude of the galaxy in thefilter. These magnitudes should also be
corrected for the:+e-effect, but as the correction is the same for both, it does not
influence their difference.

The distribution of the magnitude differences should be compared with the dis-
tribution of the actual magnitude differences between the first-rankederwhd-
ranked group galaxies\/qig 12 = Mo — M;. The differential distributions of the
magnitude differences between the first-ranked and second-ram&ed galaxies
Maig 12, and of the differencé/qig iso = M; — M,, of isolated galaxies, are shown
in Fig. 4.8. The distributions look rather similar. The difference can belyae
ticed for very small magnitude differences, where the probability densitgdtated
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Figure 4.8: Differential distributions of magnitude differendés;g 12 for the first-
ranked and second-ranked galaxies of groups (open circles)faheé differences
Mg iso Detween the magnitudes of isolated galaxies and of the faint limit of the
visibility window (filled squares).

galaxies drops sharply (notice that the plot is in logarithmic scale). In treeafagry
small magnitude differences between the first-ranked and seconeergalaxies the
second-ranked galaxy is also observed, and the galaxies are nttdsdtageneral,
the distribution for the isolated galaxy sample lies slightly above that for thepgrou
galaxy sample, that indicates that there are probably some isolated galatiés th
not belong to any group.

The overall similarity of both distributions suggests that our assumption (tiat is
lated galaxies are actually the first-ranked galaxies with fainter companicaietb
outside the observational window) passes the magnitude difference fesbuSe,
this test does not exclude the possibility of existence of truly isolated galasies
mentioned earlier.

4.2.3 Luminosity functions of the brightest + isolated galaxies

To test the assumption that isolated galaxies are the first-ranked galasessnv
also examine how distance-dependent selection effects influence tlod thfesfirst-
ranked galaxies and isolated galaxies.

Figure 4.9 shows the LFs of the first-ranked and first-ranked + isolatkexigs
for different distance intervals. The numbers of the first-ranked andtesd galaxies
in each distance interval are given in Table 4.1. The LFs of the firstiedhgklaxies

56



n(L) [(h"*Mpc)3(mag)™]

.5 3 \
10°F — 4=70-200 AN N ]
I d=200-300 kg | \
L d=300-400 I
10 | = ]
E e d=300-500
[ 1 1 L L L : :
-5 -6 17 -8 19 20 21 22

MbJ -5logh (mag)

Figure 4.9: The luminosity functions of the first-ranked and the first-rdnaksolated
galaxies for different distance intervals (the distances are in unfis t¥1pc). The
luminosity functions of the first-ranked galaxies are shifted to the left by 1 mag

Table 4.1: The numbers of the first-ranked and isolated galaxies in sanmpliffeta
ent distances.

Distance intervdl First-ranked gal. Isolated gal. Fractfon

70-200 4905 15602 0.24
200-300 6621 21634 0.23
300-400 7144 27288 0.21
400-500 3818 21453 0.15

@ Distances are in units ¢f~'Mpc.
b The fraction of the first-ranked galaxies in the first-ranked + isolated lamp
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Figure 4.10: Differential luminosity functions of the first-rankegbper pané), iso-
lated fniddle panéland the first-ranked + isolatetb{ver pane) galaxies for samples
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are distance-dependent: with increasing distance the number of faixiegate-
creases. If we add the isolated galaxy sample (we assume that isolatedgalax
the first-ranked galaxies) to the first-ranked sample, then the combinext& Bbnost
independent of distance. The remaining differences are only in thetitumesosity
ranges where the data are incomplete; the differences are much smallésrthan
first-ranked samples.

In the second test, we calculated the LFs of the first-ranked galaxiestedola
galaxies, and the first-ranked +isolated galaxies for a number of limiting dietan
from the observerd,,,, = 200, 300, 400, and 500~ 'Mpc. The minimum distance
is the same for all samples (%0 'Mpc). The total number of the first-ranked galaxies
in these subsamples is 5184, 12115, 19565, and 23453, respectively.

The calculated LFs are shown in Fig. 4.10. If we look only at the firstedr
the isolated galaxy samples, then the LFs depend on distance. If we comésee th
two samples, then the combined LFs are independent of distance. Thistsugyr
assumption that most of isolated galaxies are actually the first-ranked galeite
satellite galaxies outside the visibility window. With increasing distance, the fractio
of (visible) brightest galaxies decreases (see Table 4.1). With incgeaisiironmen-
tal density, the fraction of the first-ranked galaxies increases (sde Z4dl).

Our tests show that all (or almost all) bright isolated galaxies are actually the
first-ranked galaxies. We cannot say that for fainter galaxies: therbti@gsome
fainter galaxies that are truly isolated.
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CHAPTER 5
THE LUMINOSITY FUNCTION FOR THE SDSSSAMPLE

In this section we derive the luminosity function of galaxies of the Sloan Digkgl S
Survey (SDSS) sample. The SDSS sample is described in Sect. 2.2. While in the
previous chapter we concentrated our attention on the luminosity functiayedaot-

ies in groups (the group brightest, satellite, and isolated galaxies), in thidecha
we focus on the comparison of the luminosity functions of different mormgicéd
types of galaxies (spirals and ellipticals). The morphological classificafigalax-

ies into spirals and ellipticals is described in Sect. 3.1. The results on the luminosity
functions of spiral and elliptical galaxies in this chapter are based on Teshpé
(2011a). Since one purpose of this chapter is to analyse how the luminosity f
tion depends on attenuation, we will firstly derive the luminosity functions fer th
observed and attenuation-corrected cases. Later we shall use omliteheation-
corrected luminosity functions. Additionally, at the end of this chapter, wedeH|

rive the luminosity functions for the galaxies in groups and will briefly corapihe
results with the luminosity functions derived for the 2dFGRS sample.

5.1 Attenuation-corrected luminosity functions

We have classified the SDSS galaxies into spirals and ellipticals, and wepaiexa
the attenuation corrections to spiral galaxies, as described in Sect. 3.4.

Figure 5.1 shows the LFs for all galaxies, for spirals, and for ellipticals én th
attenuation-corrected (lower panel) and uncorrected (upper pasel) At the bright
end of the LF, most of the galaxies are ellipticals, and at the faint end, ritst o
galaxies are spirals, as found in many previous studies. Correctiousbrattenu-
ation increases the brightness of spiral galaxies; the shift is especiditgaiole at
the bright end of the LF. However, even with the attenuation correctioliegpphe
brightest spiral galaxies are still less luminous than the brightest ellipticatigala
by about 0.5mag. Table 3 in Tempel et al. (2011a) gives the analytical fiteeto
LFs; these are shown in Fig. 5.1 as solid lines. The parameters are gvémef
double-power law as well as for the Schechter function. In generadldhlele-power
law gives a better fit. The Schechter function underestimates the amounglof b
galaxies, which can be clearly seen in the inset panels of Fig. 5.1.

60



M, - 5logh (mag)

T T T T : : .
107 Observed
108 b
=)
(U -
£ r B
? 10 F
(8]
o
HE
< 10°
)
< 10_6 E ——- Schechter
—— All galaxies — Double-power law
b Spirals C L
O Ellipticals 20 -22
1 1 L \ . ) N
-17 -18 -19 -20 21 22 -23
M, -5logh (mag)
L —r—m—m—-m - m-m—m—-—_—-———m—-—¥————————
10? Dust-corrected
T 108 b
=)
© ]
£ LS
v 10" F
(8]
o
HE
S 10° |
S)
S 100 F ~— Schechter
—— All galaxies — Double-power law
S T Spirals L
O Ellipticals 20 -22
1 1 L \ . ) L)
-17 -18 -19 -20 -21 22 23
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Table 5.1: The numbers of galaxies in the SDSS sample in different globiaben
ments.

Sample Nai D1 D2 D3 D4

SDSS (all) 516368 54942 173320 208210 66884
SDSS (spirals) 234837 32963 86239 85749 23123
SDSS (ellipticals) 127446 7837 36718 57965 22026

Notes: N1 — the number of galaxies in a sample; D1 to D4 — the number of galax-
ies in a given density environment (D1 is the least dense and D4 is the msst de
environment). The sum of D1 to D4 is less thay,Nlue to the edges of the survey,
where densities are undetermined.

5.2 Luminosity functions in different environments

In this sections, we present the luminosity functions for different morphodbtypes
of galaxies (spirals and ellipticals) in different global environments. Hheutation
of environmental densities is described in Sect. 2.5, and the numbers riegala
each sample are given in Table 5.1.

Figure 5.2 shows the LFs in different environments: D1 to D4, where Dleis th
least dense (void) environment and D4 is the most dense (superckrstggnment.

In each panel the attenuation-corrected LFs are shown. The mostaiéata is that
while moving from lower global densities toward higher ones, elliptical gatastiart

to dominate the bright end of the LF. In the least dense environments, elliptiehls a
spirals are equally abundant at the bright end of the LF (spirals evénlglidipminate

at the bright end in the void environment); in the densest environmentsritdst
galaxies are mostly ellipticals. At the faint end of the LF, while moving from low
density regions to high density regions, the difference between ellipticalsparadis
decreases; in denser environments, the fraction of elliptical galaxiesages. This
trend is also seen in Table 5.1, where the numbers of galaxies in each sample a
given.

A noticeable feature in the LF of ellipticals in the densest environments is a local
minimum nearM, — 5log h =~ —18 mag. A seemingly similar feature is present for
spirals atM,. — 5log h =~ —19 mag. However, these minima are of different origin:
in the case of spirals, the small dip becomes visible because of an interplaghevith
bump atM,. —5log h = —19.8 mag, probably caused by a selection effect. The num-
ber of galaxies in the most dense environment is relatively small in the SDf3esa
and the presence or absence of a rich supercluster (the most deinearaent) at a
given distance interval may leave a notable feature in the LFs becauseagjharent
luminosity limits of the survey. The bump &f, — 5log h ~ —19.8 mag is caused by
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Figure 5.2: Attenuation-corrected luminosity functions for different typfegalaxies
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the Sloan Great Wall, which is the richest galaxy system in the nearby tdriye.g.
Gott et al. 2005; Luparello et al. 2011). A, — 5log h ~ —19 mag, the distance
interval between 150 and 2@0 !Mpc determines most of the LF, and as seen from
right panel of Fig. 2.5, no rich superclusters are found in this regianwddyer, the
decrease of the LF from20 to—19 mag is not caused only by selection effects. The
decrease of the LF in this region in the supercluster environment was @tised
in the 2dFGRS sample in Chapter 4, and therefore we expect that theaskedse
actually present.

In Fig. 5.3 the LFs for spiral galaxies, for elliptical galaxies, and for albg-
ies together are shown for different environments. For elliptical galattiesbright
end of the LF moves toward higher luminosities when moving toward higher envi-
ronmental densities. This means that bright elliptical galaxies are residingymos
in high density environments, e.g., in the cores of galaxy clusters, whicinare
prominent in superclusters than in voids.

Interestingly, the LF for spiral galaxies is almost independent of envieon.
The faint end of the LF for the most dense environment is slightly differauit, b
the number of galaxies in this environment is also small and the difference enay b
caused purely by selection effects in the SDSS, as mentioned above.idekéne
difference may be real, and the supercluster environment may be diffeven other
environments in this respect. The bright end of the LF for the least demgement
is also slightly different from that for other environments, becausergénevery
bright galaxies are absent from low density environments (Tempel €2@9)2

Comparing the LFs of spiral galaxies and elliptical galaxies, the LFs foalspir
slightly increase at the faint end for all environments (except for therb#@ment,
where in the region from-20 to —19, a decrease can be seen), while the LFs of el-
lipticals have a maximum at abo,, — 5log h ~ —20 and decrease toward lower
luminosities. The LF for all galaxies is a combination of the spiral LF and the ellip-
tical LF: it is mostly determined by ellipticals at the bright end and by spirals at the
faint end, except for the void environment, where at the bright endspifrals and
ellipticals are equally important.

Figure 5.4 shows the LFs for red and blue ellipticals and spirals separately in
different global environments. For spiral galaxies, the limit to separatgdlex-
ies into red and blue populations id,, — M, = 2.0; for ellipticals, the limit is
M, — M, = 2.7. In general, the faint end of the LF is mostly built up by bluer
galaxies and the bright end includes mostly redder galaxies; this behayitue
same for spirals and ellipticals.

In Fig. 5.4 we also see that the increase of the number of bright ellipticals in
dense environments is mostly caused by red ellipticals. As mentioned abol, the
of spirals is independent of the global environmental density (see Fig.Ho8vever,
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small changes with environment are seen. Figure 5.4 shows that thisecisangch
smaller for the red and blue spirals separately and is increased by thdaptefthe
differences in the LF shapes of these subpopulations. Once agaia diffesences
concern only the densest environments and are thus subject foabem@racteristics
for supercluster environments, which by nature are significantly diffeéten other
environments, as showed previously.

5.3 Luminosity functions for the SDSS galaxies in groups

In this section we calculate the luminosity functions for the SDSS galaxies ipgrou

We do this in the same manner as we did it for 2dFGRS sample. The purpose of
this is to have a comparison between the 2dFGRS and SDSS samples. Similarly to
the 2dFGRS sample, we divided the SDSS galaxies into four groups: theafiked
(group brightest) galaxies, the second-ranked (second brightdaRiesm satellite
galaxies, and isolated galaxies. Once again, the satellite population inclgtdae

ies in groups except the first- and second-ranked galaxies. Isolakexies are all
galaxies that do not belong to any group in our group catalogue by Tado(2010).

Figure 5.5 shows the LFs for different types of galaxies in various enmients.

This Figure can be directly compared with Fig. 4.6 for the 2dFGRS sample.eAs w
see, the general picture is the same for the 2dFGRS and SDSS sampléiyJdst
difference is for the supercluster environment, where for the SDSSIsathp LF
extends to much fainter luminosities. For the 2dFGRS sample, the LF decetases
the faint end for the D4 environment. For the SDSS sample, the decredse is a
noticeable in the range 20 to —19 mag, but toward lower luminosities the LFs start

to increase. In the 2dFGRS sample, the volume is much smaller, and in the nearby
region there are no superclusters. This is the reason, why for theREE&mple, the

LFs do not extend to lower luminosities. For the SDSS sample, the volume is much
bigger and there are some superclusters also in the nearby regiorerasidbe

right panel of Fig. 2.5. Previously we argued that for the SDSS samdejebrease
(minimum atM,. — 5 log h ~ —18) can be also a selection effect. Probably, to a small
extent it is caused by selection effects, but not entirely. In Fig. 5.3 wdls# this
feature occurs only for spiral galaxies, and not for ellipticals: if thiseaneaused by
selection effects, then it should be visible also for elliptical galaxies. Cpresgly,

the decrease is probably a true observational result.

In summary, the 2dFGRS and SDSS samples give in general the same results.
One exception is the supercluster environment, where the much larger szDgfte
extends to much lower luminosities and therefore gives more information féaitite
end of the LF for the supercluster environment.
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CHAPTER 6
DISENTANGLING GALAXY EVOLUTION

6.1 Evolution of galaxies and groups in various environments

Our analysis of the luminosity functions of galaxies of different morphol(spy-

rals and ellipticals) in different global environments (from voids to supsters)
shows that the global environment has played an important role in galakytiew.

Additionally, the galaxy rank and position (the brightest cluster galaxytellisa)

in groups/clusters are another important factors for understandingtimation and
evolution of galaxies. In this section we use our results to deduce posgihleien

histories of different types of galaxies in various global environments.

6.1.1 Evolution of spiral galaxies

One of the interesting results of this study is that the LF of spiral galaxies issalmo
independent of the global environment (see Fig. 5.3), particularly dbrilgbt end

of the LF, when looking at the red and blue spirals separately (see thealedts of
Fig. 5.4). However, one has to keep in mind that only the normalised distrilsution
are similar; the actual number densities of spiral galaxies are differeravelrage,
the mean number density of galaxies in superclusters is about 50 times langén th
voids.

The similarity of the LFs of spirals in different global environments suggests
the evolution of spiral galaxies is slightly different for different typesl¢ars) of
spirals, but for a fixed type (colour) spiral galaxy, the evolution is irthelent of the
global environmental density. Thus the formation history of spiral galdriesri-
ous global environments has to be similar. This result seems to be contragitting
the general galaxy formation scenario in th€e DM cosmology: galaxy luminosity
should be determined by the mass of the parent dark matter halo, the distribution
of which depends on the environment. Besides, according to DelgadanBet al.
(2010), approximately half of the spirals were already in place 6 Gyr agoaa-
other half formed in mergers of irregular galaxies. This result needs edexments.
Firstly, the spirals that were in place 6 Gyr ago, go through secular evoiatishich
a galaxy gradually accretes gas from the intergalactic medium, hence tregdra
tinuous star formation in the galaxy disc and they look like normal spiral galaxie
today. Secondly, Delgado-Serrano et al. (2010) showed that tttefraf early-type
galaxies does not change significantly during the last 6 Gyr, contranatwftthe
spiral galaxies, where the fraction increases about 2.3 times. The sacoédahe
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Figure 6.1: The luminosity functions of spiral galaxies in different locabyg) en-
vironments. The filled areas show the 95% confidence regions.

number of spiral galaxies is accompanied by the decrease of the numbecudiar
galaxies, suggesting that peculiar (irregular) galaxies transformghreome mech-
anism to spiral galaxies; one simple mechanism to think about is the gradwghmer
of peculiar galaxies. Consequently, the Delgado-Serrano et al. Y2€duilts suggest
that minor mergers and quiescent star formation are the dominant factbdetba
mine the formation of spiral galaxies. A possible interpretation of our resuljdima
in the fragility of spiral galaxies: they form and survive only in specifioditions
(e.g., the preservation of the gas, the absence of major mergers) whityparal
of low density regions, but to a certain extent can be present also in hitgity re-
gions; some haloes may remain intact and host a spiral galaxy regaritllesgmbal
environment, while most of the potential hosts of spiral galaxies end up baaitin
lipticals as demonstrated by the semi-analytical models (Benson & Deverd@y.20
Which processes guarantee that the mass distribution of the potential taisiss)
of spiral galaxies is similar in the low- and high-density regions (e.g., in vaids a
superclusters) is still a mystery and deserves a special study.

To quantify the role of the global environment, we show in Fig. 6.1 the LFs of
spiral galaxies for different local environmental densities. For loeasdies, the
smoothing scale wash~'Mpc, while for the global environment it wash~'Mpc.
The local densities refer to the group/cluster environment, while the gl@vsitibs
refer to the large-scale environment: e.g., to the superclusters-voidement. In
Fig. 6.1 we see that in different local environments the LFs are clearbrdiit. This
means that while the global environment determines the number density d§spira
the local (group) environment determines their properties, mostly via thedealsity
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relation: bigger mass haloes tend to reside in regions of higher local désesitye.g.,
Einasto et al. 2005b) and they host larger and more luminous galaxiegdémaosch
et al. 2007).

6.1.2 Evolution of elliptical galaxies

We found that the global environment is not the dominant factor in the evolofio
spiral galaxies. On the contrary, for elliptical galaxies, the global enaent plays
an important role: brighter elliptical galaxies are located mostly in denserognvir
ments. In the case of ellipticals, the global environment is more important foethe
galaxies than for the blue ones.

The derived LF of elliptical galaxies can be reconciled with the hierarthica
galaxy formation through mergers. The denser the environment, the brigideies
there should reside because of the increased merger rate. Therdiffdretween the
LFs of elliptical galaxies in different environments is more notable for rdaxiss,
in accordance with their supposed merger origin. This interpretationsgelkalso
with the picture of hierarchical formation of galaxies: for blue galaxiesetidution
is more quiescent and major mergers are not so important; for red ellipticaig; me
ing is the dominant factor of galaxy evolution. Since blue ellipticals are most likely
SO0-s or late type ellipticals, they have still some gas available for star formatitbn a
thereof the evolution of blue ellipticals is closer to the evolution of spiral gadaxie
the global environment is less important.

6.1.3 Evolution of galaxies in groups

The study of the LF of galaxies in groups in Chapters 4 and 5 shows thhaigthest
global density regions (superclusters) are significantly differemh fother regions:
here the first-ranked galaxies have larger luminosities than the firsteayataxies
in other regions and the fainter the galaxies, the less are their number \mith
regions, the brightest galaxies are absent. Let us compare the LFsfio$tlranked
and satellite galaxies: at the bright end of the LF, the first-ranked gald&iegate,
and at the faint end of the LF, satellite galaxies dominate. This trend is similar in all
environments, being more pronounced at the faint end of the LF for higesity
environments. See Sect. 4.1 for more detailed results.

The properties of the LFs of various types (the first-ranked, secamkkd, satel-
lites, and isolated) of galaxies in different environments can be interpogtdifer-
ences in the evolution of galaxies and groups. In supercluster cohegrdaps have
formed through many mergers, thus the second-ranked galaxies feavthberight-
est galaxies of poorer groups before they have been absorbedlargeagroup. In
a lower-density environment the merger rate is lower and groups of galhaie
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been collected only from nearby regions through minor mergers andtawous
infall of matter to galaxies, as firstly suggested by White & Rees (1978).pitlisre

is also supported by-body simulations, which show that haloes in high-density
environments have a higher fraction of their mass assembled in a major medager (
tldber et al. 2001; Maulbetsch et al. 2007; Fakhouri & Ma 2009); whgrin the
high-density environments, the merger rate is higher in earlier times, coirtrg
low-density environments, where the merger rate is higher at the present time

Moreover, the different properties of the LFs in various environmeatsazise
from gas accretion into galaxies and subsequent star formation. Asisholydro-
dynamical simulations by Keres et al. (2005), gas infall into galaxies (Rpls&ery
different in various environments. There are two dominant modes of gastin:
the “cold mode” of gas accretion (often directed along filamentary charaiking
galaxies efficiently draw gas from large distances) dominates for low-geasies,
while the conventional “hot mode” dominates the growth of high-mass sysiemes.
galaxy/halo mass dependence on environment leads to the environmentdepe
of these two modes of accretion, mostly because higher-mass galaxiesrareams
mon in dense environments. Consequently, the cold accretion is dominatiiggnat h
redshifts and in low-density environments today, while the hot mode is dominating
in high-density environments at low redshifts.

Cooray & MilosavljevE (2005b) demonstrated that the LF of galaxies can be
calculated in the halo model using two premises: firstly, the luminosities of central
galaxies in groups/clusters have a lognormal distributigrheing the mean luminos-
ity of the central galaxies in massive haloes; and secondly, the luminosigsasatiite
galaxies are distributed as a power law. These assumptions mean thatlthedigf
the LF is determined by the first-ranked galaxies, and the faint end by tiitiomal
LF of luminosity differences of satellite galaxies from the luminosity of the brigihte
galaxy. We found also that the differences between the first-ranlesdrét) galax-
ies in groups/clusters and satellite galaxies are very apparent (sed Bigad 5.5).
These differences can originate in the different merging histories okigatamajor
mergers in group environments are dominated by mergers involving the ldeaitva
(the first-ranked galaxy) (Hester & Tasitsiomi 2010), which leads to fatiféer-
ences between the central and satellite haloes (galaxies). The samedasecneein
observed for the SDSS galaxies, where Mcintosh et al. (2008) fithatdnergers are
common in the centres of groups rather than between satellites.

In general, all studies (see, e.g., Croton et al. 2005; Hoyle et al. 2uhy
that as we move from high density regions to low density regions (voids)x-gala
ies become fainter. Interestingly, our study shows that in high-densityoamvents
(supercluster regions), the LFs show a decrease at the faint eilreBhlt is new,
although the decrease of the LF at low luminosities was noticed in the NGC201/90
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supercluster by Wolf et al. (2005) for dust-free old galaxies. We aes@phat in the
cores of rich superclusters the faintest galaxies have been swall@imdioe bright-
est galaxies/groups, since in high density environments merger eventsicinanore
common. The reason why this has not been found in other studies, isoprabaif-
ferent definition of the high density environment. The cores of rich sipsters are
specific regions that contain clusters and groups of galaxies, a feweid@alaxies,
and may contain X-ray clusters of galaxies. The morphology of sup¢eclosres
differs from the morphology of supercluster outskirts (Einasto et al820bhus su-
percluster cores are not just an environment that contains groupdaxies, and the
LFs of galaxies in supercluster cores are not the same as the LFs of galaters
(see, for example, Hansen et al. 2009). Thus here the definition oftireement is
crucial.

6.2 Comparison with other studies

6.2.1 The choice of an analytical luminosity function

In most studies about the LFs, the popular and simple Schechter (19iiofuis
used for analytical representation of the LF (e.g. Zabludoff & Mulch2@§0; De
Propris et al. 2003; Croton et al. 2005; Hoyle et al. 2005; Li et al62@@ndivarez
et al. 2006; Robotham et al. 2010). However, the Schechter functiuot @lways a
good choice to fit the LF. This difficulty was noticed already by Biviano et1®95)
and Bromley et al. (1998). Using the much larger SDSS data Blanton eDabl2
showed that the Schechter function does not fit the LF of extremely low lwnino
ity galaxies. For a Shapley Supercluster region Mercurio et al. (20@&lede that
the bright end of the Schechter function is not sufficient to fit the datag ¥ al.
(2008) also use different analytical expressions of LFs for diffepwpulations: a
log-normal distribution for the first-ranked galaxies, and a modified Stkeéunc-
tion for satellite galaxies. The difficulty of the use of the standard Schefthrtetion

for satellite galaxies lies in the fact that the slope of the LF at high luminosities is
much steeper than in the standard case where the slope is fixed by thertkglon
law. In our studies (Tempel et al. 2009, 2011a), in addition to the Schealition,
we have also used the double-power-law form for analytical fits. Thbldepower-
law LF overcomes both difficulties and can be used for the brightest asas/édir
satellite galaxies. This difference is crucial in cases where only verptogigjaxies
are visible, at the far end of flux-limited samples. Here small differencesimdth
cepted analytical LF can lead to large differences in the expected total Isitndsaf
groups. To determine these luminosities is one of our primary goals (we ne®d th
to calculate the luminosity-density field).
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6.2.2 Galaxy morphology and colours in different environments

Influence of the global environment on the LF has been previously stigiéloyle
et al. (2005) using the SDSS data and by Croton et al. (2005) using #HeRd
data. These works have shown that galaxies in the void environmentiararity
of late type. In our results, this effect becomes especially pronouriterdaaplying
the absorption corrections: Figure 5.2 shows that in the void regions| gplexies
dominate over ellipticals at all luminosities.

The LFs derived by Hoyle et al. (2005) for a considerably smaller sawiple
galaxies are quite similar for different environments, except for the bigthensity
environment, where the faint-end slope is shallower. Croton et al. (¥006) that
the faint end of the LF depends weakly on environment. In general, malysis
confirms this result, except for the highest density environment, wheeg@ss of
faint galaxies compared to other environments is found (noticeable fepigads and
for blue ellipticals in Fig. 5.4). This excess has been detected also by Xid20@6).
In deep surveys of the Hubble Space Telescope, an excess ofddigalaxies has
been found in the field environment: Salimbeni et al. (2008) have seérirsun in
the GOODS dataset and Drory et al. (2009) in the COSMOS field. Thustiesgof
faint red galaxies appears in all environments, most strongly in dengeralegions.

Phleps et al. (2007) studied the global environment beyond the redshifting
three different fields with different global environments, they showed fibr blue
galaxies, the environment plays a smaller role than for red galaxies. Eiseits are
in agreement with our findings for the relatively nearby region.

Many previous works were concentrated only on the local environmeat. F
example, Yang et al. (2009) studied the LF for the central and satelliteigglax
groups, using the SDSS data. They found that in general, red galaidseacentral
galaxies and blue galaxies are satellite galaxies; they found that for vemésses,
the number of red central galaxies increases. They speculate thagtiagies are
located close to large haloes so that their star formation is truncated by tbestzaty
environment. Our results also show that the faint end of the LF increds&s mov-
ing toward very high density (see Fig. 5.3). When splitting our galaxies inteetthe
and blue samples (see Fig. 5.4), the increase of the LF at the faint enticisaide
for every subsample, indicating a universal trend. In our case, thedse is also
noticeable for blue galaxies. However, a direct comparison with the rexfutiang
et al. (2009) is difficult, because the environmental densities have [stiemated
differently.

Zandivarez et al. (2006) show that the local environment (galaxypyroass)
is an important factor in galaxy evolution. They show that the faint-end s®pe
practically constant for the blue cloud galaxies, while for the red sequgalaxies,
the faint end is steeper for more massive systems. Their results can Ipedtedrin
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Figure 6.2: The attenuation-corrected luminosity function for spiral gadeofievar-
ious Hubble types. The Hubble type indicator is the valugiafcy.v: low value —
late-type; high value — early-type. The filled areas show the 95% cocgdegions
of the luminosity function.

terms of galaxy mergers as the main driving force behind galaxy evolutiomupg.
Using local environmental densities, we get similar results: for ellipticals &teat
dominantly red), the faint-end slope is changing with density, and for sifirelsare
dominantly blue), the faint-end slope is practically constant.

Using the halo occupation model Mo et al. (2004) and Tinker & Conro@920
argue that the dependence of the LF on the large-scale environmetgrsioied by
differences in the masses of dark matter haloes. Semi-analytic models algw pred
that void galaxies should be fainter than galaxies in dense regions (Behsin
2003a; Tinker & Conroy 2009).

In general, the characteristic magnitudes for ellipticals are brighter thapfor
rals and the faint-end slopes are steeper for spirals. Devereux 20@8)(used the
K-band luminosity to derive the LF for different Hubble types; classificatias
performed visually. The average shapes of the LFs of ellipticals andspieagen-
erally in agreement with our results. In addition, they found that the faidtskpe is
steeper for late-type spirals than for early-type (S0) spirals and thah#racteristic
luminosity is larger for early-type galaxies. In Fig. 6.2 we use the vilug.y to
separate spiral galaxies into the early and late types. This figure shawsaa send
as pointed out by Devereux et al. (2009), but in our case, the diffeseare smaller.
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6.2.3 Groups of galaxies in different environments

Yang et al. (2008) and Hansen et al. (2009) found that the luminositigedirst-
ranked galaxies of rich groups have a relatively small dispersion eedi Hansen

et al. (2009) and fig. 2 of Yang et al. (2008)). In these studies onlfygioups were
considered. In our study also poorer groups were investigated, arfduad that
they have a lower low-luminosity limit in dense environments than rich groups do.
Cooray & Milosavljevt (2005a) and Yang et al. (2008) showed that the median lumi-
nosity of first-ranked galaxies depends strongly on the mass of the halapfjg To
compare their results with ours we plot in the lower panel of Fig. 6.3 the lumingsitie
of the first-ranked galaxies as a function of the estimated group total lumin®hity
median luminosity of the first-ranked galaxies is shown by a red line. Our reselts
very close to those by Yang et al., see their fig. 6. Yang et al. use agament

the estimated group (halo) mass that is closely related to the estimated total luminos-
ity. Our study shows also that the median luminosity and the width of the luminosity
distribution of the first-ranked galaxies depend on the density of the emaot.

One of the important results of the present study is the conclusion abmatiime
of isolated galaxies in a flux-limited sample: most isolated galaxies are actually the
first-ranked galaxies, where the fainter members of groups lie outsidadibdity
window. A similar result was obtained by Yang et al. (2008) using the halopmation
model. The arguments used in our study and by Yang et al. are venediffao both
studies complement each other.

Yang et al. (2008) also studied the gap between the first-ranked anddsec
ranked galaxies. Their results show that the width of the gap lies in the range
log(L1/L2) = 0.0-0.6. For our groups, the width of the gap is even larger; see
the upper panel of Fig. 6.3. This Figure shows that the gap has the higihass for
medium rich groups of a total expected luminosity abbut,, = 2 x 10’ A2 L,

i.e., for groups of the type of the Local Group.

Hoyle et al. (2005) studied the SDSS void galaxies. Their faint-end slbibe 0
LF is comparable to our resultss(= —1.0——1.3). They also conclude that the
faint-end slope is not strongly dependent on the environment, at least gnoup
densities. This is in agreement with our results, where the faint-end slopaasta
the same for all populations, except for the first-ranked galaxies. tmwm our
samples there are still small changes when moving from voids to supersiuster
faint-end slope is steeper for void galaxies, and becomes flatter whengrtoward
higher densities. Our faint-end slop€or the galaxy LF is in the range1.0——1.3
(except for the first-ranked galaxy), in good agreement with obiensand models
(see e.g. Baldry et al. 2005; Xia et al. 2006; Khochfar et al. 2007eLal. 2008).
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CHAPTER 7
THE MAIN RESULTS OF THE THESIS

In the present Thesis the Two-degree Field Galaxy Redshift SunélyGRS) and
the Sloan Digital Sky Survey (SDSS) were used to study the luminosity funation
galaxies for different samples in various global environments. To stueiuthinos-
ity function for the galaxies in groups, we used the group cataloguesdxy diaal.
(2006) and Tago et al. (2010), which for 2dFGRS sample include 17 8&8&xies
and 25215 groups; and for the SDSS sample include 516368 galaxiesdamd
groups. The global luminosity density field was used to define the larde-soa-
ronments with different global densities from voids to supercluster cores

We used the 2dFGRS sample to derive the luminosity function of group galaxies
for the brightest (first-ranked), second-ranked, satellite, and isbdtaxies. We
also studied the nature of isolated galaxies, and demonstrated that isolatddga
are not truly isolated at all. The last result is in accordance with obsengatib
nearby galaxies, which indicate that practically all galaxies are locatediammyg of
galaxies of various size and richness.

We used the SDSS data to construct the luminosity functions separatelya®r ga
ies of different morphology (spiral and elliptical) and of different cotouFor the
SDSS sample, we took special care to correct the galaxy luminosities forttime in
sic attenuation, since for spiral galaxies the attenuation can affect sagifiche
galaxy luminosity.

The principal results of the present study are the following:

1. The luminosity function of elliptical galaxies depends strongly on the emviro
ment, and the environment is more important for red elliptical galaxies than for
blue elliptical galaxies. This suggests that global environmental density is an
important driving force (via merging history) of elliptical galaxy formation.

2. The evolution of spiral galaxies (the luminosity function of spiral galgxies
is almost independent of the global environment, especially for blue &hd re
spirals separately, showing that spiral galaxy formation has to be similar re-
gardless of the surrounding global density.

3. The luminosity function of the second-ranked galaxies in high-dengtgmes
is similar to the luminosity function of the first-ranked galaxies in lower-
density regions. This suggests that the second-ranked galaxies iddmgity
regions have been the first-ranked galaxies before they have bedovead
by a larger group.
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. Almost all bright isolated galaxies can be identified with the first-ranké&kga

ies where the remaining galaxies lie outside the observational window used to
select the galaxies for the survey. Truly isolated galaxies are rareathdgint

and are located mainly in voids.

. The highest global density regions (supercluster cores) are sagrtlfi differ-
ent from other regions. Here the first-ranked galaxies have larger dsitizs
than the first-ranked galaxies in other regions. The fraction of elliptidakga
ies is greater than in other environments and there are relatively lesgfiaait s
galaxies than in the low-density counterparts.

. The brightest galaxies are absent from the void regions. Afteectimg for

the intrinsic absorption, spiral galaxies dominate the luminosity function of
void regions at every luminosity. In higher-density environments, the éaidt

of the luminosity function is determined by spiral galaxies and the bright end
by elliptical galaxies. For all environments, the faint end includes mostly blue
galaxies and the bright end mostly red galaxies.

. Detailed studies of luminosity functions require galaxy luminosities to be cor-
rected for the intrinsic absorption by dust. Dust absorption affects mogtly th
bright end of the luminosity function. For the full luminosity function, includ-
ing all galaxies, the characteristic luminosity increases after attenuatigceorr
tion. The faint-end slope of the luminosity function is practically independent
of dust attenuation.

A comparison of these results with predictions of numerical simulations and/or

semi-analytical models would provide stringent constraints on the drivrigriaof
the formation and evolution of galaxies in dark matter haloes. These resaits sh
clearly, that beside the local/group environment, also the global (suptrchoid)
environment plays an important role in the formation and evolution of galakies.
nally, to understand the complex processes that lead to the formation ehpoksy
galaxies, we can not ignore the location in the large-scale environmente e
galaxy resides. Hopefully, accounting for the role of global envirortroan help to
solve some of the unsolved problems in a general picture of galaxy formetidn
evolution.
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SUMMARY IN ESTONIAN
Galaktikate evolutsiooni mdistmine nende heledusfunktsioni abil

Galaktikad, mis koosnevad kuni sadadest miljarditest tahtedest, gaasistijatimn
Uhed tédhelepanuvaarsemad siisteemid Universumis. Juba visuaaldestespéhjal
on naha, et neid on vaga mitmesuguseid: spiraalseid, elliptilisi ning lisaksrka ko
paratu kujuga. Selline mitmekesisus tekitab kiisimuse, kuidas galaktikad on tekki-
nud ning millised futsikalised protsessid on galaktikate evolutsioonis olulisad@ K
galaktikate tekkimine ja evolutsioon hdlmab paljusid erinevaid flilsikalisi pregses
ning on seetdttu Gsna komplitseeritud, siis on galaktikate tekkimine tanapaeva kos
moloogias Uks aktuaalsemaid teemasid. Galaktikate evolutsioni parem mdistmine on
ka antud uurimuse ks eesmarke.

Praeguse uldtunnustatud arusaama jargi tekivad galaktikad tumeained)&lod
hu koondub gaas ning kus peale gaasi piisavat jahtumist algab tahetdktikate
tekkimine ja evolutsioon toimub hierarhilise arenguna: kdigepealt tekivadedikd
siisteemid ning nende jark-jargulisel litumisel tekivad Giha suuremad stistegehid
lise hierarhilise kuhjumise kestel toimub vaga palju galaktikate omavahelisiigdrke
ning thinemisi, mis k8ik mdjutavad galaktikate arengut.

Tanapaeva kosmoloogias on kullaltki hasti teada pohilised fuusikaliseéskegro
sid, mis m@jutavad galaktikate arengut. Peamiste protsessidena v@ib valja tuua ga
laktikate pdrgetel toimuvad gravitatsioonilised héairitused, tekkivad |60klaigeasi
Umberpaiknemine, tiheduse muutused, taheteke ja supernoovade platiyakiiv-
sete galaktikatuumade mdju ning galaktikate likumine labi galaktikate vahelise kesk-
konna. Hoolimata sellest, et me teame olulisemaid galaktikate arengut mdjutavaid
protsesse, on galaktikate tekkimine tervikuna tunduvalt halvemini teadmistde
pdhjuseks on asjaolu, et me ei tea piisava tapsusega, milliste fllsikaliste tingimus
te juures ja milliste keskkonna parameetrite puhul on eelpool nimetatud futstkalis
protsessid olulised. Kasutades pool-analiitilisi mudeleid, on praegsisskiskil-
laltki palju uuritud erinevaid protsesse s6ltuvana kujunevate galaktikatelsset
Umbrusest. Lokaalse imbrusena vaadeldakse peamiselt galaktika grpape.

Vaatluslikust kosmoloogiast on teada, et galaktika grupid ja parved en@aik
Universumis juhuslikult, vaid moodustavad suuremastaabilise kargstruktswper-
parvede ja tihikute vorgustiku. Kuidas galaktikate areng soltub suureabdistast
struktuurist ning kas tiihikutes ja superparvedes tekivad galaktikadssat voi eri-
nevalt, on killaltki vahe uuritud. Et uurida suuremastaabilise sturktuuri,ogjuaja
kasutada suuri galaktikate valimeid. Kasutades viimastel aastatel valmintigguu
laktikate taevatulevaateid on tekkinud vdimalus antud probleemi uurida vaatltislik
Uhtedeks olulistemaks taevaiilevaadeteks on 2dFGRS ja SDSS, mis kokkackata
ara umbkaudu veerand taevast ning mis sisaldavad enam kui pool miljtaktikat.
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Kaesoleva t60 peamiseks eesmargiks on uurida, kuidas galaktikate evaiutsio
sdltub Universumi suuremastaabilisest struktuurist ning kuivord eathew galak-
tikate evolutsiooni pBhiprotsessid galaktikaparvede tsentraalsete, sataliikme
ja isoleeritud galaktikate jaoks. Uurimiseks kasutame praeguse hetke suuganaid
laktikate Ulevaateid 2dFGRS ja SDSS. Universumi suuremastaabilise stilktuu
jeldamiseks kasutame heledus-tiheduse vélja, mis parast vaatluslikke ja selektsio
ni parandeid vbimaldab kuillalt usaldusvaaruselt eristada Universuntibetusega
piirkondi: tihikuid, filamente ja superparvi. Galaktika gruppide uurimiseksiteane
galaktika gruppide ja parvede kataloogi, mis voimaldab eristada grupi taksetich
ja satelliitgalaktikaid ning isoleeritud galaktikaid.

Galaktikate evolutsiooni jalgimiseks kasutame galaktikate heledusfunktsiooni,
mis on Uks fundamentaalsemaid meetodeid vaatluslikus kosmoloogias. Me vordle-
me galaktikate heledusfunktsiooni taevalilevaadete erinevatel alamvalimgeerin
me sellest jareldusi galaktikate evolutsiooni maaravate protsesside kalta#tikad
jagame alamvalimiteks nende morfoloogia (spiraalsed, elliptilised) ning varpuse (
nased, sinised) alusel. Samuti uurime heledusfunktsiooni eraldi galgktjiaide
tsentraalsete, satelliit ja isoleeritud galaktikate jaoks. K&iki eelpool nimetati:d va
meid vaatleme sdltuvana suuremastaabilisest struktuurist ehk globaalstisséisie

Galaktikate heledusfunktsiooni arvutamine eeldab, et me teame galaktikate tege
likke heledusi. Vaadeldud galaktikate heledused sdltuvad paraku selssia kui
palju on galaktikates tolmu. Galaktikasisene tolm neelab galaktika tdhtede valgust
ning seega naeme vaadeldud galaktikat nérgemana. Kuna tolmu on markimisvaa
ses koguses eelkdige spiraalgalaktikatel, siis spiraalgalaktikate vaadedtkdls
on neeldumisest kdige rohkem mdjutatud. Antud t66s korrigeerime spirddigala
kate heledusi, et taastada galaktikate tegelik heledus. Neeldumise korrekuu
tamiseks kasutasime Uksiku galaktika detailset modelleerimist. Selline Gihe galaktika
detailne modelleerimine vBimaldas kindlaks teha, et neeldumine galaktikas sdltub nii
galaktika sisemisest struktuurist kui ka kaldenurgast, mille all galaktika mase pa
tab. Galaktikates, kus domineerib méhn, on neeldumine suurem kui gala&tikate
domineerib ketas. Galaktika kaldenurgast séltuvuse anallilis naitas)dimée on
suurim peaaegu serviti paistvate galaktikate korral. Arvutuste tulemusémsset
tolmu korrektsioon mdjutab spiraalgalaktikate heledusi kuni kaks korda.

Uurides galaktikate heledusfunksiooni grupi galaktikatele ning isoleegilak-
tikatele, jareldasime, et naivalt isoleeritud galaktikad ei pruugi olla taielikoleées
ritud. Enamus néaivalt isoleerituid galaktikaid on pigem grupi tsentraalsslédhi-
mad) galaktikad. Visuaalselt isoleeritud galaktikate olemasolu galaktikate valimis on
tingitud suures osas vaatluslikust selektsioonist: galaktikate Ulevaadeissldak-
se ainult teatud heledusest heledamaid galaktikaid. Sellise vaatlusliku selaldaio
registreeritakse paljudes gruppides ainult heledaim galaktika ning glejgétud
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galaktikad jaavad vaatlemata. Anallilis grupi heledamate ja heleduselt jargeiste
laktikate kohta néitas, et heledusfunktsioon grupi heledamatele galaktikehea
dusega piirkondades langeb kokku heledusfunktsiooniga grupiussideistele ga-
laktikatele Uletihedusega piirkondades. See tulemus viitab, et suure tilgaduige
kondades olevad grupi heleduselt teised galaktikad on oma varasesngsistoe-
naoliselt olnud grupi tsentraalsed (heledaimad) galaktikad, enne kujrape on
thinenud méne suurema grupiga. Saadud tulemus on koosk®&las hierdabiijse
mise teooriaga.

Uurides galaktikate heledusfunktsiooni séltuvana suuremastaabilisalsiust
rist, jareldasime, et elliptiliste galaktikate evolutsioon sdltub tugevalt Gmbritsevast
suuremastaabilisest keskkonnast, seevastu spiraalsete galaktikatestuglkitioon
jaab erineva tihedusega piirkondades muutumatuks. Elliptiliste galaktikate beledu
te tldine séltuvus globaalsest keskkonnast oli oodatav, kuna elliptilise#tigalé
tekivad vastavalt praegusele galaktikate tekke paradigmale peamisetilgatakihi-
nemise tulemusel ning tihedamates piirkondades on galaktikate thinemisi keskmi-
selt rohkem. Spiraalgalaktikate heledusfunktsiooni sarnasus eriagiat@ndades
viitab, et spiraalgalaktikate tekkimine erinevates keskkondades on saiiama hie-
rarhilise kuhjumise teooria jargi peaks ka spiraalgalaktikatel olema soltuabsitd
sevast globaalsest keskkonnast, siis antud tulemus viitab, et spiratiigatakekki-
miseks on vajalikud spetsiifilised tingimused. Antud tulemuse detailne anallilis néua
pdhjalikumaid uurimusi, mis on jaetud edaspidiseks.

Heledusfunktsiooni analiitis s6ltuvana galaktikate morfoloogilisest tudbist
tas, et heledate galaktikate hulgas domineerivad elliptilised galaktikad ningmérg
te galaktikate hulgas domineerivad spiraalsed galaktikad. Eelpool mainindidre
ka globaalsest keskkonnast sdltuv: tihedamates piirkondades domakekeleda-
mas otsas elliptilised galaktikad joulisemalt kui héredamas piirkonnas. Kuelded
ainult tihikuid suuremastaabilises struktuuris, siis seal domineerivadhelgdus-
vahemikus spiraalgalaktikad. See viitab samuti asjaolule, et elliptilite galaktikate tek
kimises on olulised galaktikte omavahelised porked ja Uhinemised, mida hdredates
piirkondades esineb keskmisest vahem.

Antud t66 keskendus galaktikate evolutsiooni vaatluslikule uurimisele ning t66
tulemusi saab edaspidi rakendada vastavates numbrilistes ning podidistés
mudelites, mis vBimaldavad tapsemalt maarata, millised fldlsikalised protsessid on
olulised erinevates keskkondades. Kaesoleva t66 tulemused néaitasit selgmks
lokaalsele (gruppide) keskkonnale on galaktikate evolutsioonis olulinddtaajl-
ne, suuremastaabiline Umbrus. Loodetavasti aitab suuremastaabiliserkeskhoju
arvestamine lahendada mdnesid huvipakkuvaid probleeme galaktikate tedaests
riumites.
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