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Summary

Evolution of galaxies is one of the most important topics in astronomy to understand
how the universe has been evolving. In particular, galaxy groups are important because
they are the observable equivalent of dark matter (DM) haloes, and thus o↵er a direct
insight into the physics that has occurred in the DM haloes in the Universe up to the
present day.

Isolated galaxies are crucial for studying intrinsic and secular processes able to a↵ect
the structure, morphology, and dynamics of galaxies for obtaining clear relationships and
correlations to be confronted with the model predictions.

The main goal of this work is to characterize the GAMA G3Cv1 galaxy groups cata-
logue and the UNAM�KIAS catalogue of isolated galaxies by one of the most important
statistical studies, the galaxy Luminosity Function (LF), that helps to constrain the mod-
els of formation and evolution of galaxies.

LFs have been estimated for galaxies in groups and isolated galaxies. The LF for
groups has been characterized by the physical properties of the groups (mass and velocity
dispersion), the photometry (colour), the morphological type and eleven wavelengths from
the far infra-red to the ultra violet.

The LF estimated for the isolated galaxies is characterized by morphology and the col-
our in the five SDSS bands. The results obtained constrain more e↵ectively the formation
and evolution models of the universe than previous samples. The di↵erences between both
catalogues are presented in the conclusions.

Additionally, the galaxy morphology is one of the no well understood problems in the
galaxy evolution process to support the hierarchical model of formation of large objects.
In this work, a classification based on the colour and concentration of light was considered.
However, due to the low resolution of the images, the confidence of this classification was
only ⇠60%.
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Chapter 1

Introduction

1.1 Prelude

The evolution of galaxies is one of the most important topics in astronomy in order to

understand how the universe has been evolving up to now and make predictions for the

future. During the last years, there has been significant progress in measuring the proper-

ties of galaxies in different wavelengths over the cosmic history. Large surveys with high

spatial resolution images and spectroscopy information have collected millions of nearby

galaxies, including galaxies in a wide range of mass, magnitude, morphology, star form-

ing processes, in different environments from the very low dense (voids) until most dense

regions (clusters).

At the same time, computing speed and new numerical methods have also improved

significantly; hence the capability to make more detailed and better simulation of the uni-

verse, under the paradigm of the cold dark matter (CDM) scenario, has increased as well.

Many techniques have been developed to take into account physical processes responsible

for the evolution of galaxies and reproduce the observable information. Processes, such

as supernovae and active galactic nucleus (AGNs) feedback, black holes, and their accre-

tion disk have been considered into the simulations, resulting in a very close approach to

observations (Somerville and Dave, 2015).

Big questions presented in the Somerville and Dave (2015) review about the cosmolog-

ical models could be summarised in: i) how well do these models reproduce the observed

distribution functions of galaxies, such as the luminosity function or the stellar mass func-

tion and their evolution? ii) how well do the models reproduce the global scaling relations,

as the correlation between stellar mass, star formation rate (SFR), etc? iii) what do the

models predict for different types of galaxies, in terms of e.g. morphology or active-passive
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galaxies? iv) do the models reproduce the observed structural scaling relations, like the

relation of mass with size, density and dispersion velocity?

These questions have been tested with observation and models strongly during the last

decade. However, we are still limited by the observation capability of the instruments. As

the measurement instruments get better, the better the data would be and the comparison

with models.

The Λ CDM model predicts the hierarchical merging process that occurs between

haloes of dark matter (DM) in the structure formation paradigm (e.g., Springel et al.

2005). This model supports the idea about the distribution of galaxies in space is ac-

tually strongly clustered and a significant fraction of the galaxies forms gravitationally

bound multiple systems, from very populated clusters to loose groups. The assembly

of galaxies over the cosmic time can be studied through the distribution of galaxy lu-

minosities and stellar masses, observationally and theoretically (e.g., Cole et al. 2000,

Somerville et al. 2001, Wolf et al. 2003). In particular, galaxy groups (2-50 galaxies ap-

prox) represent the observational part of the DM haloes, which are able to give us infor-

mation about the physics in these haloes. Galaxy groups also provide a route to studying

the dark matter dynamics (e.g. Robotham et al. 2008) and how galaxies populate the

haloes (Robotham et al. 2010).

On the other hand, samples of galaxies that have not suffered any interaction with

any other galaxy or with the environment over a Hubble time are crucial for studying

intrinsic and secular processes able to affect stellar processes or the structure, morphology,

and dynamics of galaxies. Homogeneous observational data for these isolated galaxies

are crucial for obtaining transparent scaling relationships and correlations that can be

appropriately confronted with the model predictions. The first sample of isolated galaxies

was compiled by Karachentseva (1973) with an isolation criteria based on the projected

separation of the galaxies on the sky. More recently, the UNAM − KIAS catalogue of

isolated galaxies (Hernández-Toledo et al., 2010) based in the actual space separation of

galaxies, presents for the first time the opportunity to study real isolated galaxies without

gravitational effects generated by any companion.

One of the most fundamental distribution of galaxies is the luminosity distribution,

well known as the galaxy luminosity function (LF). The LF is an important tool to char-

acterize statistical properties of astronomical objects. The shape of a LF depends of the

physical process carried out to emit on certain wavelength; when LFs, from different galaxy

populations, are compared there could be important differences, and also by integrating
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the LF, we have information about the density. This density also changes according to the

type of galaxies considered, cosmological environments, wavelength and redshift. On the

other hand, the LF is also an important analytical tool to test the cosmological models of

formation and evolution of galaxies (e.g. Benson et al. 2003).

Many authors have studied the effect of the environment on the LF. These works have

been focused on the dependence of the LF on the density contrast within spheres of differ-

ent radii (e.g. Hoyle et al. 2005, Park et al. 2007, Choi et al. 2007, McNaught-Roberts et al.

2014) and agree that the LF shows significant fluctuations due to large-scale structures,

while the morphological fraction as a function of luminosity is relatively less sensitive and

thus seems to be more universal (e.g. Sulentic et al. 2006). Strong environmental depen-

dencies have been seen in very low dense environments (voids) and very dense clusters,

(e.g. Croton et al. 2005, Tempel et al. 2009).

The LF of galaxies in low and high density environments allows us to carry out a

critical test of galaxy formation models. Λ CDM models predict the existence of many

low mass haloes in voids; if these haloes contain dwarf galaxies, then the LF must have

a steep slope at the faint end; a feature that observations do not show. On the other

extreme, at the bright end, simulations show brighter galaxies than observations. An

example is presented in Fig. 1.1 where the models clearly show an excess of faint and

bright galaxies. Nevertheless, models are better every day and overlap observations with

a reasonable agreement, as the Virgo Consortium’s Evolution and Assembly of Galaxies

and their Environments (EAGLE) project Schaye et al. (2015) shows for the equivalent

stellar mass function.

In this thesis, the main goal is to perform a detailed study of the LF for galaxies in

opposite environments, groups and field, based on two new and unique samples of galaxies.

The G3Cv6 group catalogue (Robotham et al., 2011) compiled from the Galaxy and Mass

Assembly project (GAMA; Driver et al. 2009, Driver et al. 2011) and the UNAM−KIAS

catalogue of isolated galaxies Hernández-Toledo et al. (2010) originated from the Sloan

Digital Sky Survey (SDSS; York et al. 2000) Data Release 5 (DR5). The LFs estimated

from these samples contain original data in the low mass range of galaxies using the GAMA

sample and establishing new LF values that must be reproduced by models; as well as the

new data extracted from the UNAM −KIAS catalogue which is the first compilation of

galaxies based on a 3D dimensional space.

In collaboration with Dr Jon Loveday and the GAMA team 1, the first paper (Chapter

1http://www.gama-survey.org/team/



4

Figure 1.1: K-band LF from UKIDSS LAS comparing observations with models

Smith et al. (2009)

2) focuses in the estimation of the LF of galaxies in groups in the r optical band. Using

the latest version of the GAMA group catalogue (G3Cv6), the galaxy LF was estimated

and the dependence with physical and observational properties of groups and galaxies was

carried out. The group properties are the mass, velocity dispersion, richness, and the

galaxy properties colour and morphology. A study of the evolution of the LF with respect

to the redshift is made as well.

The second paper (Chapter 3), in collaboration with Dr Héctor Hernández Toledo,

Dr Aldo Puebla, Dr Ivan Lacerna and Dr Jon Loveday, characterizes statistically the

UNAM − KIAS catalogue, studying the LF, the stellar mass function (SMF) and the

gas-to-stellar mass ratio Mgas/Ms. This work was carried out in the 5 SDSS passbands

(ugriz) and compared with previous studies in the literature; but also, taking advantage of

the GAMA survey, the LF was estimated for galaxies outside the grouping selection for the

G3Cv6 catalogue, since by definition, they are in the field. Another sample based on the

GAMA survey has been considered, the Void galaxies sample originated by Alpaslan et al.

(2013).

The third paper (Chapter 4), in collaboration with Dr Jon Loveday and the GAMA

team, follows the initial study of the LF for galaxies in groups, but now this work focuses on

the differences with respect to the wavelength. Since GAMA is a multi-wavelength survey,
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11 bands from the near Infrared (NIR) to the ultraviolet (UV) regions, have been used

to estimate the LF. Nevertheless, this work is the first attempt of a homogeneous multi-

wavelength LF using the new Panchromatic Data Release (Driver et al., 2015). These

data are very recent and more work is required to explore all the valuable information

given in every band.

1.2 The Samples

Large spectroscopic surveys of galaxies, such as SDSS (York et al., 2000), GAMA (Driver et al.

2009, Driver et al. 2011) or the 2dF Galaxy Redshift Survey (2dFGRS; Folkes et al. 1999),

are very useful to make large galaxy catalogues in different environments. Many authors

have taken advantage of large galaxy surveys like the SDSS survey and have constructed

galaxy group catalogues to perform multiple studies about these systems, in particular

the luminosity function and the dependency with some physical properties and the envi-

ronment (e.g. Zandivarez et al. 2006, Yang et al. 2009, Robotham et al. 2010).

1.2.1 GAMA

The Galaxy and Mass Assembly project (GAMA) represents a good opportunity to study

statistical properties of galaxies from different perspectives following the multi-wavelength

information and the high spectral completeness. GAMA is a spectroscopic survey based on

the Sloan Digital Sky Survey Data Release 7 (SDSS DR7) in the second phase; GAMA-II

consists of three equatorial regions, centred at 09h, 12h and 14h30m and called G09, G12

and G15 fields respectively, each of 12 × 5 degrees with a Petrosian magnitude limit of

r < 19.8 mag for all the fields. This survey is complete in all regions with a completeness

greater than 95% for all galaxies with up to 5 neighbours within 40¨; a detailed description

can be found in Driver et al. (2011). Fig 1.2 presents the region covered by GAMA in

the space and the overlapping with other samples, including the 2 GAMA southern fields

(G02, G23) in the final step of observation.

The GAMA survey spectra were obtained on the Anglo-Australian Telescope (AAT)

over 2008 - 2010 using 68 nights in the first phase (GAMA I). 112 000 new galaxy spectra

and redshifts were acquired covering a total area of 144 deg2. In the second phase, 110

nights were assigned over 2010-2012 to cover an area of 280 deg2 and a total sample of

220 000 spectra.

The complete GAMA survey takes into account the overlapping of many surveys at

different wavelength, from radio to x-rays, covering 24 bands.
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Figure 1.2: Region covered by GAMA and the overlapping with other samples (credits to

Simon Driver).
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One of the biggest tasks of GAMA was the measurement of redshifts from the one-

dimensional spectra. This redshifting was carried out by most of the people in GAMA.

These measurements were done using the GAMA version of RUNZ, code developed by

Will Sutherland originally for the 2dFGRS (Driver et al., 2011). This code identifies an

automatic redshift using a cross-correlation analysis and has the option for the user to es-

timate manually the redshift by adjusting spectra templates. The measurement of redshift

was carried out immediately after the observation and repeated by other GAMA members

(re-redshifting) in order to have a robust redshifts quality. A detailed explanation and

errors can be found in Driver et al. (2011); an example taken from this paper (Fig. 5)

is presented in Fig. 1.3 with three different redshift quality values (nQ): nQ =4 means

a very high confidence redshift and can be used to do science, nQ=3 is an acceptable

redshift with small doubts and can also be used for science, nQ ≤ 2 are redshifts not well

determined mainly because of the spectrum quality where emission or absorption lines are

difficult to identify, these redshift are not recommended for doing science.

However, RUNZ had a number of undesirable features and this motivated the devel-

opment of a new redshifting code, AUTOZ (Baldry et al., 2014). This new code AUTOZ

proved to be superior to RUNZ in every way and was used as the default for GAMA II in

2013 (for more details see Liske et al. 2015).

During phase I of GAMA, I participated in the re-redshifting process with ∼2000

redshifts and secondly ∼ 10 000 redshifts were estimated by me for the southern fields.

The first redshifts were in used in a spectroscopic study in Hopkins et al. (2013) and the

second results are published in Liske et al. (2015).

Robotham et al. (2011) compiled the G3Cv1 group catalogue based on the GAMA I

survey and applying a friend-of-friends (FoF) grouping algorithm. Once GAMA II was

ready, this catalogue was updated using the new data to the current version (G3Cv6).

The G3Cv6 catalogue contains a total of 23838 groups with multiplicity ≥2 containing

73268 galaxies, this means that a fraction of ∼40% of the total GAMA survey is assigned

to be grouped. Most of the work presented in this thesis is based on this catalogue.

Galaxies excluded from the G3Cv6 catalogue are considered to be in the field (isolated

galaxies); these galaxies are also part of this thesis, since the local population (z < 0.1)

was used to compared the LF of the UNAM-KIAS catalogue of isolated galaxies.
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Figure 1.3: Examples of spectra with redshift quality nQ = 4 (top panel), 3 (middle panel)

and 2 (bottom panel). We show the spectrum (black), the 1σ error (green) and the mean

sky spectrum (blue, scaled arbitrarily with respect to the spectrum). The vertical dashed

red lines mark the positions of common nebular emission and stellar absorption lines at

the redshift of the galaxy. The spectra were smoothed with a boxcar of width 5 pixels

(Driver et al. 2011; Fig. 5).
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1.2.2 UNAM-KIAS

The UNAM-KIAS catalogue of isolated galaxies originated by the necessity of having

a complete sample of these objects to study the internal processes of galaxies without

external agents that can perturb the intrinsic properties.

This sample is based on the Sloan Digital Sky Survey (SDSS; York et al. 2000, Stoughton et al.

2002) covering ∼ π steradians of the northern Galactic cap in the five photometric band-

passes denoted ugriz centred at 3551, 4686, 6165, 7481, and 8931 Å, respectively. The

large-scale structure sample, DR4plus, from the New York University Value-Added Galaxy

Catalogue (NYUVAGC; Blanton et al. 2005) is used.

The isolation criteria is a modification of the Karachentseva (1973) selection, based on

three parameters Hernández-Toledo et al. (2010). The first is the extinction-corrected Pet-

rosian r-band apparent magnitude difference between a candidate galaxy and any neigh-

bouring galaxy, ∆mr . The second is the projected separation from the nearest neighbour

across the line of sight, ∆d. The third is the radial velocity difference, ∆V . Given a

galaxy i with apparent magnitude mr,i and Petrosian radius Ri, this will be considered

as isolated if the separation ∆d between this galaxy and a neighbouring galaxy j with

magnitude mr,j and radius Rj satisfies that

∆d ≥ 100 × Rj (1.1)

or∆V ≥ 1000kms−1, (1.2)

or the conditions

∆d < 100 × Rj (1.3)

∆V < 1000kms−1 (1.4)

mr,j ≥ mr,i + ∆mr, (1.5)

for all neighbouring galaxies. Where Rj is the seeing-corrected Petrosian radius of

galaxy j, measured in i−band using elliptical annuli to consider flattening or inclination of

galaxies (Choi et al. 2007). And ∆mr = 2.5 (for more details see Hernández-Toledo et al.

2010).

This catalogue contains 1520 isolated galaxies with a detailed morphological classifi-

cation with a statistical completeness of ∼80%. The Aitoff diagram in intervals of 3000

km s−1 are presented in Fig 1.4 and Fig 1.5 (Hernández-Toledo et al., 2010).
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Figure 1.4: Aitoff projections in right ascension and declination showing the distribution

of the UNAM-KIAS sample on the sky at 3000 km s−1 velocity intervals from 0 to 12000

km s−1. Abell cluster cores of increasing richness classes from 0 (crosses), 1 (asterisks), 2

(rhombus) and 3 (triangles) are also indicated. (Hernández-Toledo et al., 2010).
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Figure 1.5: Similar to Fig 1.4 but from 12000 to 21000 km s−1. (Hernández-Toledo et al.,

2010).
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1.3 Luminosity Function

The LF, generally represented as φ, is defined as the number of galaxies contained in a

comoving volume (number density in Mpc−3) in intervals of luminosity or absolute magni-

tude. The estimation of the LF is very important to discriminate between different models

of formation and evolution of the universe; since the LF is one of the most important ob-

servations, models must reproduce it. The calculation of the LF started with works carried

out ∼80 years ago (e.g. Pannekoek 1923, Hubble 1936). When these calculations started,

people rapidly noted the lack of galaxies at the faint-end, a consequence of the magnitude

limited samples which just include the brightest galaxies. This is because when we have

observations made up to a determined flux, in average, we are observing brighter galaxies

as the redshift increases; as we can see in Fig. 2.1. The shape for these LFs can be fitted

by a Gaussian function as proposed by Hubble (1936) without taking into account the

effect of faint galaxy incompleteness.

This incompleteness was first considered and taken into account by Schmidt (1968)

when he estimated the LF for a sample of quasars which are much brighter than ”nor-

mal” galaxies. Instead of just calculating the number density, he weights the galaxies

as follows: considering the absolute magnitude for a galaxy, one estimates the maximum

volume at which this galaxy can be observed to the magnitude limit; so each galaxy

is weighted by dividing by this maximum volume. This method is known as 1/Vmax;

however, the 1/Vmax method has the disadvantage that it is sensitive to galaxy density

variations. Sandage et al. (1979) (STY) developed a maximum likelihood method based

on a parametric from of the LF; this method avoids the effects of density at large scales.

Efstathiou et al. (1988) developed another method based on maximum likelihood where

data are binned and no parametric form is required, this method is known as the stepwise

maximum likelihood method (SWML).

Once the incompleteness is corrected and new large surveys came out, people realized

the LF was dominated by faint galaxies, i.e. the faint-end of the LF tended to increase

instead of decrease as was seen at the beginning. The LF can be well fitted by the Schechter

function (Schechter, 1976),

φ(L) = φ∗

(

L

L∗

)α

exp
(

−L

L∗

)

, (1.6)

or in terms of absolute magnitude

φ(M) = 0.4 ln 10φ∗(100.4(M∗−M))1+α exp(−100.4(M∗−M)), (1.7)
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where L is the luminosity, φ∗ is the density normalization, L∗ is the characteristic

luminosity at which the LF shows the turnover or ”knee”, α is the power law index at the

faint-end (faint-end slope) and, M and M∗ the corresponding absolute magnitude and the

characteristic absolute magnitude.

The LF is not an universal function for all galaxies, it displays clear differences for

different populations of galaxies. These differences are discussed in terms of the faint-end

slopes and the knee of the function, generally associated with the Schechter parameters α

and M∗ respectively.

From these parameters we can infer information about physical processes in the galaxy

formation, for example. When we work with a sample of galaxies with certain character-

istics, the M∗ parameter gives the characteristic magnitude of the sample and the value

at which brighter galaxies cannot exist due to a physical process affecting the galaxy

formation process, assuming no systematic errors in the selection.

Considering the cosmological point of view, the LF and other statistical studies al-

low us to understand the connection of the galaxy evolution and the cosmological initial

conditions in the structure formation (e.g. Yoo et al. 2009). This connection is so im-

portant for the ΛCDM paradigm and also is the link between dark matter haloes and

galaxies predicted and the real galaxies. To test this connection, many authors esti-

mate the dark halo mass from luminous galaxies using different techniques like weak

lensing (e.g. Mandelbaum et al. 2008, Mandelbaum et al. 2010), kinematics of galaxies

(e.g. Wojtak and Mamon 2013) and galaxy clusters (e.g. Yang et al. 2012), however,

uncertainties are very large and statistical studies like the LF are of great importance.

1.3.1 Luminosity function dependence on colour and morphology

As mentioned before, the LF depends on the galaxy population we are considering. When

talking about morphology, these studies have been complicated due to the difficult process

to classify galaxies; fortunately, everyday there are bigger samples to do more precise

studies. I will describe more about morphology in the next section.

Different shapes of the LF for early and late type galaxies, and irregulars, started to

be found by many authors (e.g. Holmberg 1969, Binggeli et al. 1988). Large differences

suggested one should estimate individual LFs for different galaxy types; however, these

samples of galaxies are very small. Marzke et al. (1998) used ∼ 100 galaxies in the local

universe to estimate and fit the LF using the Schechter function for early and late types,

finding a dependence of the Schechter parameters with morphology. de Lapparent (2003)
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made a compilation of the LF from many classified samples in a multi-wavelength study.

She tries to fit the LF using a Gaussian rather than a Schechter function, since a Gaussian

fits well to bright galaxies, i.e. early types. Meanwhile, for late type galaxies this fit is

not very accurate. Using the method of decomposition of light to distinguish between

spheroids (early) and disk (late) galaxy components for a large sample, Benson et al.

2007 find that spheroidal galaxies are less common at the faint-end, where disk galaxies

dominate. Recent studies like Devereux et al. (2009), also show that spheroidal galaxies

fall off at the faint end, much faster than spiral types.

Colour is an important parameter to distinguish galaxy populations, mainly the types

of stars contained and indirectly the formation star rate. Using the SDSS, Blanton et al.

(2001) studied the dependence of the LF with respect to colour, finding that blue galaxies

are predominant at the faint-end over red galaxies, similar to that found for early and late

type galaxies. This agrees with the fact that early type galaxies are associated with red

colours due to an old stellar population; meanwhile, blue galaxies are associated generally

with late type galaxies due to the high rate of star formation, mainly in disks where young

stellar populations can be observed. Other studies similar to Baldry et al. (2004) show

the same results, using the u − r colour in a local sample (z up to ∼0.08), they find red

galaxies to be brighter than blue ones and with a lower density at the faint-end compared

to the blue population.

1.3.2 Luminosity function dependence with environment

Another important dependence of the LF is the environment where galaxies are found, from

galaxies in voids to the most dense regions like groups or clusters. The study of galaxies in

different environments is fundamental to understanding the evolution processes of galaxies,

the intrinsic and external effects. Many authors started to study the LF according to the

environment suggesting variations from rich clusters to low density environments (e.g.

Christlein 2000, De Propris et al. 2003, Hoyle et al. 2005, Park et al. 2007, Choi et al.

2007, McNaught-Roberts et al. 2014). Croton et al. (2005), using the 2dF Galaxy Redshift

Survey, estimated the LF for various environments from voids to clusters for early and

late types galaxies. They find that voids are dominated by late type galaxies and are also

more important at the faint-end; meanwhile clusters show a relative excess of very bright

early type galaxies. Tempel et al. (2011) using the SDSS DR7, find a strong dependency

of the LF for early type galaxies with the environment, whilst for late type galaxies the

LF looks to be independent from the environment; this suggests similar mechanisms of
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formation for this kind of galaxy.

Regarding the study at low densities, the AMIGA project started to study the lu-

minosity characteristics for isolated galaxies, Verdes-Montenegro et al. (2005) present the

parametrization of the AMIGA catalogue in the B-band, showing a good agreement with

previous studies at low densities (e.g. Croton et al. 2005). Sulentic et al. (2006) made a

refinement of the morphology for the AMIGA galaxies and estimated the LF for isolated

galaxies in a broad range of morphological type, from pure ellipticals to distorted galaxies;

they find in general the late type LF is brighter compared to early type galaxies, contrarily

to the LF of galaxies in other environments.

At the other limit of densities, galaxies in groups are very important to study the

distribution and dynamics of galaxies in dark haloes in the DM context. The study of the

LF in groups started with works using the Hickson groups. For instance, Hunsberger et al.

(1998) find a dip in the LF for groups at middle magnitudes; considering this characteristic,

many authors (e.g. Lobo et al. 1997, Andreon and Pelló 2000) suggest that the bright end

can be fit by a Gaussian and the faint end by a Schechter function. Miles et al. (2004) find

also this dip dividing the sample into high and low X-ray bright groups. One explanation

for the lack of galaxies at middle magnitudes is due to the merging process in the evolution

of galaxies; this means galaxies with characteristic magnitudes (M∗) have a higher merging

rate and these galaxies are transformed into more luminous objects.

Other studies consider the dependence of the LF with the group mass; for example,

Eke et al. (2004) considering groups using the 2dFGRS survey, show a good fit of the

Schechter function to the data; however, a different shape for mock catalogues is found,

possibly due to systematic errors in the LF estimation. Densities for magnitude and

volume limited group samples have been determined by Tago et al. (2010) using the SDSS

and considering the richness of the groups. The largest group samples have been taken

from the SDSS (e.g. Yang et al. 2009 and Zandivarez and Mart́ınez 2011) have focused

in the dependence of the LF with the group mass, finding massive and red galaxies at

the centre of groups and blue galaxies in the outskirts, suggesting a physical process to

stop the star formation in large scale environments. Robotham et al. (2010) studied the

variation of the LF with group properties: multiplicity, virial mass and galaxy colour;

they found a variation of the LF occurs just in the central region of the systems and it is

strongly dependant on the position of the galaxy with respect to the virial radius.
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1.3.3 Luminosity function evolution with redshift

When galaxy formation models are fit to observations, the luminosity evolution with red-

shift is different for every wavelength. As mentioned, the star formation rate, the dust

density or temperature of gas in galaxies are different; these physical processes can evolve

in different ways. For example, luminosity changes with time but at different rates for

each wavelength, and consequently the colour and the LF evolve with redshift as well.

Nowadays, surveys are large enough to study these effects and evolution of the LF with

redshift, however, the LF still presents the limitation due to the missing of faint galaxies

as redshift increases. The bright end, or the ’knee’, of the LF can be well characterized

but the faint slope cannot be well estimated.

To characterize this evolution, one of the methods is the parametrization of the den-

sity and luminosity evolution as a function of redshift. Lin et al. (1999) proposed this

parametrization considering the luminosity evolution parameter (Q) and the density evo-

lution parameter (P), in this case, the Schechter parameters α, M∗ and φ∗ vary with

redshift as

α(z) = α(z0),

M∗(z) = M∗(z0) − Q(z − z0),

φ∗(z) = φ∗(0)100.4Pz ,

(1.8)

where z0 refers to the redshift at which magnitudes are K-corrected (z0 = 0.1 for this

work); evolution parameters Q and P are determined using the maximum-likelihood.

Considering the SDSS DR1 survey, Loveday (2004) finds significant evolution for galax-

ies in r-band. They propose that the evolution of the LF can be due to a combination

of luminosity or density evolution, similar to Lin et al. (1999). Other authors have found

also clear evolution of the LF (e.g. Ilbert et al. 2006, Baldry et al. 2005). More recently,

Loveday et al. (2012) follow the method by Lin et al. (1999) to estimate the evolution of

the GAMA LF, finding good agreement with previous works. Fig 1.6 shows this evolution

for the GAMA sample (Loveday et al., 2012).

1.4 Morphology

Galaxy morphology is one of the least well understood problems in the galaxy evolution

process to support the hierarchical model of formation of large objects. There are many

authors trying to understand the evolution of the Hubble sequence (e.g. Fukugita et al.

2007, Nair and Abraham 2010, Delgado-Serrano et al. 2010); however, this classification
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Figure 1.6: Evolution of the ugriz luminosity functions. The five columns show the ugriz

LFs respectively from left to right. The four rows show the LFs in four redshift ranges

increasing from top to bottom as indicated in the leftmost panels. Filled black squares

show SWML estimates for combined red and blue samples, filled blue circles and red

triangles show SWML LFs for the blue and red samples respectively. Open symbols show

the corresponding 1/Vmax estimates — in most cases these are indistinguishable from the

SWML estimates. Continuous lines show the parametric evolving LF for each sample

The dotted lines reproduce the parametric LF fit for each sample from the lowest redshift

bin. Dashed lines show least-squares fits to the SWML estimates with α fixed at higher

redshifts. The insets show the 95% likelihood contours for (M∗, lg φ∗) parameters obtained

from these fits. LFs (but not contours) for the blue and red sample have been scaled by

a factor of 0.1 to aid legibility. (Loveday et al., 2012)



18

is just based on the shape of the galaxies without considering any physical process, this is

why many people are trying to postulate new classification of galaxies considering real

physical properties more than just the shape of the objects, for example, concentra-

tion, asymmetry and clumpiness (CAS parameters; Conselice 2003) or the spin of the

galaxies (e.g. Tempel and Libeskind 2013). To understand the Hubble sequence, the

important task is to have well classified samples; up to now the largest classified sur-

veys are: Nair and Abraham (2010) that classified ∼14 000 galaxies from the SDSS and

the Galaxy Zoo survey (Lintott et al. 2008, Lintott et al. 2011) that in the second phase

(Masters et al., 2011) provides a detailed visual classification for ∼250 000 bright galaxies

in the SDSS.

For the UNAM-KIAS catalogue, a visual classification was carried out by me and

collaborators in a previous work to this thesis and presented in Hernández-Toledo et al.

(2010). However, for the GAMA catalogue the classification is not obvious since the

GAMA sample has a median redshift of ∼0.2 with galaxies in the interval 0< z <0.5;

meanwhile the classification mentioned above is up to z∼0.05. The first classification for

GAMA has been made up to z∼0.05 (Kelvin, prep) covering only ∼10% of the total sample

using bulge/disk decomposition. The big challenge of classification is at higher redshift,

not only because of the number of galaxies, but the resolution of the images to apply

the same or different techniques. For instance the most recent and successful method of

classification proposed by Huertas-Company et al. (2009) based on a Bayesian probability.

After looking for different techniques of classification to do a non-visual classification of

GAMA, I adopted the classification method proposed by Park and Choi (2005), based on

the light concentration and colour with confidence up to 88%, to propose a first attempt

on the classification of GAMA divided in two types of galaxies, ellipticals and spirals.

In order to compare the confidence of these results, a compilation of 5 classified samples

is considered (Fukugita et al. 2007, Nair and Abraham 2010, the Galaxy Zoo catalogue,

the UNAM-KIAS catalogue & Driver et al. 2011). The first three samples overlap with

the GAMA region as seen in Fig 1.7. The UNAM-KIAS catalogue has a complementary

morphology to the Nair sample and Driver et al. (2011) present a first classification for

galaxies at low redshift for GAMA. A sample of 5600 classified GAMA galaxies is compiled.

The results obtained by me for the GAMA classification based on the Park and Choi

(2005) method are presented in Fig 1.8 where concentration and colour gradient are plotted

against u − r colour; red and black dots are the elliptical and spiral galaxies according to

this classification. The solid line on the bottom panel represents the separation between



19

Figure 1.7: GAMA, Fukugita et al. (2007) and Nair & Abraham (2010) samples in the

GAMA region

these two type of galaxies according to Park and Choi (2005). Filled circles represent the

comparison sample to see where these galaxies are located in the diagram. For spiral

galaxies the classification is good enough to be considered, however, for elliptical galaxies

this classification does not work well; unfortunately the plot does not show clearly the

elliptical galaxies, but a significant number of them are on the other side. The confidence

of this classification is ∼69%, rather than the 88% expected. I divided the classification

by redshift to see if the confidence changes along z but there are no significant changes;

this means the same confidence level at all z and an extrapolation of this method to the

total GAMA sample can be followed.

At the time when these results were ready, Kelvin et al. (2012) published the Sersic

index (Sersic, 1968) GAMA catalogue. Simple classifications using the Sérsic index give a

good classification at least to distinguish between spheroidal and disk shape galaxies (e.g.

Barden et al. 2005). Therefore, we have made a simple classification based on this Sérsic

index where galaxies are considered as spheroidals when n > 1.9 and disky galaxies when

n < 1.9. Using the sample comparison sample, a confidence level of ∼78% is found.

The method of Park and Choi (2005) can be much better than the Sérsic classification,
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Figure 1.8: Distributions of the GAMA galaxies in the morphology training set. Top:

u − r colour vs. (inverse) concentration index space; bottom: u − r vs. ∆(g − i) colour

difference space. Red dots are elliptical types, black dots are spirals, and filled circles with

same colour, the comparison sample.

but images with higher resolution are necessary. At the moment, the Sersic classification

of GAMA is better (sec. 2.2.3), with a ∼10% higher confidence than that using the other

method, this improvement is enough to consider the Sersic classification for the rest of

this thesis.

1.5 Overview of the papers

In previous sections I aimed to introduce the main problems and give a general idea about

the current state of the galaxy formation and evolution studies relevant to the luminosity

and the environment, and the relationship with galaxy evolution models. In this work I try

to answer the questions about the physical processes of the galaxies in the evolution process

using the main observable measurement, the luminosity, so we can establish the most

accurate values to constrain evolution models and understand the intrinsic and external

physical properties of galaxies. Mainly, I extend the study of the LF to the low mass

galaxies regime, where data up to now had been incomplete and the studies were low

accurate. In the papers presented for this thesis, I cover as much as possible these ideas to

propose real statistical relationships and differences of the LF in the most homogeneous
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and spectroscopically complete samples to carry out this study.

The study of the LF and dependence with group properties is the first problem to

consider, since many people have been working in this area and the credibility of our

results can be easily compared with previous results but with improved results. In this

sense, Paper I, focuses on the dependence of the LF on group properties, richness, velocity

dispersion and mass, and also the dependence with the galaxy properties, colour and

morphology. This work is based on the r-band since the GAMA sample was selected in

this band and the best completeness is available in this band.

In this first paper, the first analysis was carried out with group richness, analogous to

a study at different densities but on small scales; considering ungrouped galaxies, pairs,

groups with 3 and 4 members and the richest groups containing more than 5 members.

These limits were taken according to the richness presented in the sample, since most of the

groups are dominated by pairs. We find similar results compared to Croton et al. (2005),

observing changes in M∗ and α as richness increases. Due to the relationship between

mass and velocity dispersion, we find similar LF characteristics, comparable to the mass

dependence reported by Yang et al. (2009) and Robotham et al. (2010). With respect

to the colour and morphology, similar dependences are found, following the assumption

that early type galaxies tend to be redder and late type galaxies bluer. These results

are in agreement with those presented by Blanton et al. (2001) and Benson et al. (2007).

Finally, our results are compared with mock catalogues constructed using the Millennium

simulation (Springel et al., 2005); the comparison is not very accurate, mostly because of

how these mock catalogues have been created (Norberg, prep).

For this paper, I did the whole study and analysis of the LF based on computational

tools developed by Dr Jon Loveday but modified by myself according to my interests and

needs, and many other analysis tools developed by myself throughout this work. Many

suggestions and discussions were carried out with Dr Loveday and the GAMA team in

different meetings with them. As the last step of this paper, it will be sent to the complete

GAMA team for the latest suggestions and it will be sent to the MNRAS journal in the

next couple of months.

Motivated by studying the dependence with the environment and taking advantage of

my own sample of isolated galaxies (UNAM-KIAS) and the good classifications, collabora-

tors and I characterize the UNAM-KIAS catalogue, estimating the LF in the ugriz bands,

the stellar mass function (SMF) and the gas-to-stellar mass ratio in the second paper (Pa-

per II). We find similar results to those reported by Sulentic et al. (2006); nevertheless, we
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find an inconsistency with their results, so no straightforward comparisons can be done.

This means, we are proposing completely new parameters for isolated galaxies divided

by morphological type. We also consider two GAMA subsamples, one refers to galaxies

considered as isolated after they were excluded in the grouping scheme (Robotham et al.,

2011); the LF using this subsample matches very well with the UNAM-KIAS catalogue,

just a difference in density is found due to the large difference in the number of galax-

ies contained in each sample. The other subsample used to compare our results is the

GAMA sample of voids (Alpaslan et al., 2013); however, this subsample is selected using

a volume-limited sample, meaning the lost of faint galaxies and thus information about the

LF faint-end. Due to the quality of data and how the UNAM-KIAS sample was selected,

we propose the most accurate LF parameters for isolated galaxies and this fact makes

this paper unique. The SMF is estimated divided by colour and morphology, expected

results are found comparing with other samples. Finally the gas-to-stellar mass ratio is

estimated for isolated galaxies, finding higher gas fractions for these galaxies than normal

disk galaxies.

This second paper started as a continuation of UNAM-KIAS catalogue study which

was characterized and classified by myself in a previous work. I have estimated the LF

for this sample and I did all the comparisons with other samples in the literature. I have

been collaborating with other experts in their fields. I did the first estimation of the

SMF; however, I was not considering important factors like completeness, so Dr. Aldo

Puebla was the person in charge of this estimation and as a complement, Dr Ivan Lacerna

made the estimation of the gas-to-stellar mass ratio. Dr Jon Loveday and Dr Hector

Hernández-Toledo have collaborated by giving important comments and discussions.

Finally, considering that GAMA is a multi-wavelength survey, we take advantage of

this fact and as a complement study to Paper I we estimated the groups LF in 11 bands

from the NIR to the UV; these results are presented in the Paper III draft. In this work

I study the effects of group environment on star-formation processes. However, a detailed

study considering band by band is still missing for future work to investigate in-depth the

physical processes occurring in these galaxies. This was a first attempt to study for the

first time a homogeneous multi-wavelength LF.
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Norberg, P., Peacock, J., Robotham, A. S. G., and Taylor, E. N. (2014). Galaxy

And Mass Assembly (GAMA): AUTOZ spectral redshift measurements, confidence and

errors. MNRAS, 441:2440–2451.

Baldry, I. K., Glazebrook, K., Brinkmann, J., Ivezić, Ž., Lupton, R. H., Nichol, R. C.,

and Szalay, A. S. (2004). Quantifying the Bimodal Color-Magnitude Distribution of

Galaxies. ApJ, 600:681–694.
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Tempel, E., Saar, E., Liivamägi, L. J., Tamm, A., Einasto, J., Einasto, M., and Müller,

V. (2011). Galaxy morphology, luminosity, and environment in the SDSS DR7. A&A,

529:A53.



34

Verdes-Montenegro, L., Sulentic, J., Lisenfeld, U., Leon, S., Espada, D., Garcia, E.,

Sabater, J., and Verley, S. (2005). The AMIGA project. I. Optical characterization

of the CIG catalog. A&A, 436:443–455.

Wojtak, R. and Mamon, G. A. (2013). Physical properties underlying observed kinematics

of satellite galaxies. MNRAS, 428:2407–2417.

Wolf, C., Meisenheimer, K., Rix, H.-W., Borch, A., Dye, S., and Kleinheinrich, M. (2003).

The COMBO-17 survey: Evolution of the galaxy luminosity function from 25 000 galax-

ies with 0.2 z 1.2. A&A, 401:73–98.

Yang, X., Mo, H. J., and van den Bosch, F. C. (2009). Galaxy Groups in the SDSS DR4.

III. The Luminosity and Stellar Mass Functions. ApJ, 695:900–916.

Yang, X., Mo, H. J., van den Bosch, F. C., Zhang, Y., and Han, J. (2012). Evolution

of the Galaxy-Dark Matter Connection and the Assembly of Galaxies in Dark Matter

Halos. ApJ, 752:41.

Yoo, J., Weinberg, D. H., Tinker, J. L., Zheng, Z., and Warren, M. S. (2009). Extending

Recovery of the Primordial Matter Power Spectrum. ApJ, 698:967–985.

York, D. G., Adelman, J., Anderson, Jr., J. E., Anderson, S. F., Annis, J., Bahcall, N. A.,

Bakken, J. A., Barkhouser, R., Bastian, S., Berman, E., Boroski, W. N., Bracker, S.,

Briegel, C., Briggs, J. W., Brinkmann, J., Brunner, R., Burles, S., Carey, L., Carr,

M. A., Castander, F. J., Chen, B., Colestock, P. L., Connolly, A. J., Crocker, J. H.,

Csabai, I., Czarapata, P. C., Davis, J. E., Doi, M., Dombeck, T., Eisenstein, D., Ellman,

N., Elms, B. R., Evans, M. L., Fan, X., Federwitz, G. R., Fiscelli, L., Friedman, S.,

Frieman, J. A., Fukugita, M., Gillespie, B., Gunn, J. E., Gurbani, V. K., de Haas, E.,

Haldeman, M., Harris, F. H., Hayes, J., Heckman, T. M., Hennessy, G. S., Hindsley,

R. B., Holm, S., Holmgren, D. J., Huang, C.-h., Hull, C., Husby, D., Ichikawa, S.-I.,
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Chapter 2

PaperI

Galaxy And Mass Assembly (GAMA):

Dependence of galaxy LF on host group properties

Vázquez-Mata J. A., Loveday J. et al.

We explore the luminosity function (LF) of grouped galaxies in the Galaxy and Mass

Assembly (GAMA) survey. We study the dependence of the LF shape on host group prop-

erties (richness, mass and velocity dispersion) for galaxies subdivided by colour, morphol-

ogy and central/satellite, and evolution of the LF over the redshift range 0–0.3. We find a

correlation of the best-fit Schechter parameters with group mass and velocity dispersion,

in agreement with previous work, extending the results to low mass groups (logM/M⊙

< 12) for the first time. Colour and morphology are clearly related, since the luminosity

functions follow the same tendency; however, the red galaxy population and the early type

galaxies are likely different as a result of the edge-on dusty galaxy effects and also for the

blue and late type galaxies. The LF of spiral and elliptical galaxies varies only weakly with

group richness, suggesting that the main change with richness is in the elliptical/spiral

ratio. Contrary to previous work, but in agreement with galform mock catalogues, we

find a low density of sub-L∗ central galaxies. Finally, no significant differences were found

in LF evolution within different mass groups. The Schechter parameters presented in this

work must be considered by the models to reproduce them, since we offer new data in the

low mass regime.
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2.1 Introduction

The distribution of galaxies in space is strongly clustered and a large fraction of the

galaxies form gravitationally bound multiple systems, from very populated clusters to

loose groups, with the majority being in normal groups. The Λ-CDM model predicts

the hierarchical merging process that occurs between haloes of dark matter (DM) in the

structure formation paradigm (e.g. Press and Schechter 1974 and White and Rees 1978).

Galaxy groups represent the observational part of the DM haloes which are able to give

us information about the physics in these haloes; galaxy groups also provide a route to

studying the dark matter dynamics (e.g. Robotham et al. 2008) and how galaxies pop-

ulate the halos (Robotham et al., 2010). The luminosity function (LF) is a fundamental

observable in terms of cosmology, giving a description of the population of galaxies in

different environments, and contains valuable information about the physical processes

that feature prominently in galaxy formation and evolution. The LF and its evolution

provide important constraints on theories and models of galaxy formation and evolution,

e.g. Benson et al. (2003).

In the last few years, many authors have concentrated on the effect of the environment

on the LF. Many works have been carried out, focusing on the dependence of the LF on the

density contrast within spheres of different radii (e.g. Hoyle et al. 2005, Park et al. 2007,

Choi et al. 2007, McNaught-Roberts et al. 2014); these works agree that the LF shows

significant fluctuations due to large-scale structures, while the morphological fraction as a

function of luminosity is relatively less sensitive and thus seems to be more universal (e.g.

Sulentic et al. 2006). Strong environmental dependencies have been seen from very low

density environments (voids) to very dense clusters, (e.g. Croton et al. 2005, Tempel et al.

2009).

Large spectroscopic surveys of galaxies, such as GAMA (Driver et al. 2009, Driver et al.

2011) or the 2dF Galaxy Redshift Survey (2dFGRS; Colless et al. 2001) provide useful

large galaxy group catalogues based on the real spatial distribution in the sky. Many

authors have taken advantage of large galaxy surveys like SDSS survey (York et al., 2000)

and have constructed galaxy group catalogues to explore multiple aspects of these sys-

tems, in particular the luminosity function and the dependency with some physical prop-

erties and the environment (e.g. Zandivarez et al. 2006, Yang et al. 2009, Robotham et al.

2010). Analysis in these works, explored mainly the variation of the Schechter function

parameters, the characteristic magnitude M∗ and the faint end slope α, for different galaxy

populations, as a function of the galaxy group virial mass, multiplicity, velocity dispersion,
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etc. Their results showed clear variations of M∗ and α with the different group properties.

Robotham et al. (2010) found clear trends for decreasing α as mass and/or multiplicity

increase for early-type galaxies, while a much suppressed relation was observed for the

late-type population.

In this paper, we describe the GAMA Galaxy Group Catalogue (G3Cv6) in section

2.2, as well as completeness corrections applied to the sample and subsamples. Section 2.3

describes the method used to estimate the luminosity functions and the parametrization

and evolution of the Schechter parameters with redshift. Section 2.4 shows the results

and discussion of the differences between the LFs and the dependence of the Schechter

parameters with the group properties. Section 2.5 presents the analysis of the LF for

central and satellite galaxies. Section 2.6 shows the LF evolution results and finally Sec-

tion 2.7 presents the final conclusions. Appendices present the complement mass-velocity

dispersion analysis and the tests of two different mass estimators and the recovery of the

real data from the the mock catalogues.

For this work, we assume the standard cosmology parameters of ΩM=0.3, ΩΛ=0.7 with

a Hubble constant of H0=100h km s−1 Mpc−1.

2.2 DATA

The Galaxy and Mass Assembly project (GAMA) is a multi-wavelength spectroscopic

galaxy survey based on an input catalogue described by Baldry et al. (2010). Briefly, the

GAMA-II survey is based on the Sloan Digital Sky Survey Data Release 7 (SDSS DR7)

and consists of three equatorial regions, each of 12 × 5 degrees centred at 09h, 12h and

14h30m, called G09, G12 and G15 respectively. The survey Petrosian magnitude limit is

r < 19.8 mag for the three fields. This survey is complete in all regions with a completeness

greater than 95% for all galaxies with up to 5 neighbours within 40¨; a detailed description

can be found in Driver et al. (2011).

The GAMA Galaxy Group Catalogue (G3Cv6) was generated using the GAMA-II

spectroscopic survey and applying a friend-of-friends (FoF) grouping algorithm; the first

version of this catalogue (G3Cv1) is presented by Robotham et al. (2011) (here after

AR11) using the GAMA-I survey. The G3Cv6 (here after G3C ) catalogue contains a

total of 23838 groups with multiplicity ≥2 containing 73268 galaxies, this means that

∼40% of the GAMA galaxies are assigned to groups.

Here we list and briefly summarise the main G3C catalogue parameters as described

by AR11:
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• Nfof: Group multiplicity or number of galaxies contained in the group.

• GroupEdge: Fraction of the group within the survey volume, as estimated from

central galaxy and the radius defined by the most distant group member, based on

the projected distance from the central galaxy.

• LumBfunc: Group total r-band luminosity down to Mr - 5 log h = -14 in solar

luminosities, times the functional B factor which is a function of Nfof and redshift

(see AR11 section 4.4 for details) This parameter is used to estimate the group mass

based on luminosity.

• VelDisp: Group velocity dispersion, corrected for the total group velocity dispersion

error. This velocity dispersion is measured using the gapper estimator introduced

by Beers et al. (1990), one advantage of this estimator is that it is unbiased, even for

low multiplicity systems, and is robust to weak perturbations in group membership

(see section 4.1 of AR11).

• MassProxy: Dynamical group mass estimated using the relation for a virialized

system M = A × R50 × σ2, where A=1 in Eq. 18 of AR11. A is the scaling factor

required to create a median unbiased mass estimate of the dark halo mass and the

dynamical mass; however, this is only valid for system in virial equilibrium and the

parameter A must be determined considering the match with the mock catalogues

(section 4.3 of AR11). R50 is the group radius defined by the 50th percentile group

member, based on the projected distance away from the central galaxy. And σ is

the group velocity dispersion.

To estimate the LFs of galaxies in groups, the G3C catalogue is matched with the SDSS

DR7 data in order to have the Petrosian and model magnitudes with their errors in all five

SDSS passbands. Petrosian and model magnitudes were corrected for Galactic extinction

following the dust maps of Schlegel et al. (1998).

2.2.1 Completeness

The G3C sample is selected from the GAMA II survey with a redshift completeness of

∼98.5% (Liske et al., 2015), nevertheless, Loveday et al. (2012) found three sources affect-

ing the incompleteness of the sample for GAMA I, the completeness of the input catalogue,

completeness of the targets for which spectra have been obtained and the success rate of

obtaining spectroscopic redshifts. We have applied the same method to correct this sample

applying the updated information of GAMA II.
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From each source of incompleteness, a value of completeness is associated, represented

by Cim, Ctarg and Cspec for imaging, target and spectroscopy success completeness respec-

tively. Every galaxy has associated a weight defined as the reciprocal of the product of

the three completeness. For a galaxy i, the weight Wi associated is

Wi = 1/(CimCtargCspec) (2.1)

2.2.2 K-correction and Subsamples

Since galaxies are observed at different redshifts, a correction to the intrinsic luminosity has

to be applied according to the rest frame of the galaxy. All galaxies in this catalogue have

been corrected by the so-called K-correction (Humason et al., 1956) using the kcorrect

v4 2 code (Blanton et al. 2003, Blanton and Roweis 2007) considering the SExtractor

(Bertin and Arnouts, 1996) AUTO magnitudes reported in ApMatchedCatv06 (Hill et al.,

2011). For galaxies in the most local groups (z ≤ 0.1) we have determined K-corrections

at z0 = 0.0 as rest frame; however, when we divide the sample in mass bins, we consider

K-corrections in a passband blue-shifted by z0 = 0.1 to study evolution at higher redshifts.

A superscript prefix indicates the type of correction (e.g. 0.1Mr).

Magnitude-selected samples always have an associated Malmquist bias because of the

missing faint galaxies due to the survey magnitude limit. Tago et al. (2010) studied the

consequences of these types of samples extracted from the SDSS and compared with

volume-limited samples, however, they found negligible differences between them when

working at low redshifts. We have selected three volume-limited subsamples from the

absolute r-band magnitude vs z diagram presented in Fig. 2.1. These regions are limited

in absolute magnitude by [-17.6, -19.2, -20.4] and in redshift by [0.1, 0.2, 0.3] respectively.

These subsamples are crucial to test for any difference between magnitude or volume -

limited samples to study the LFs. The shape of the galaxy group LF estimated using the

volume- and magnitude-limited samples presents negligible difference in the same limits

of redshift. We show as reference only the corresponding LFs for the sample at z ≤ 0.1 in

Fig. 2.2. The magnitude-limited sample shows a steeper slope due to the cut of data at

the faint-end in the volume-limited sample; however this can be seen as a extension to the

volume-limited sample. To study the dependence on group richness, the volume-limited

sample is used to avoid Malmquist bias. For the rest of this work, we have opted for the

magnitude-limited sample in order to gain more galaxies, mainly at the faint end.

To study the dependence of the LFs on group properties, we have selected multiple
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Figure 2.1: Absolute r-magnitude vs z plot for galaxies in the G3C catalogue. Three

volume-limited samples are presented in red, blue and green.

subsamples from the G3C catalogue based on the number of group members (richness),

bins of mass and bins of velocity dispersion, as well as by the galaxy colour and morphology,

and a separation in central and satellite galaxies respect to the group.

2.2.3 Colour and Morphology

The G3C catalogue is separated into red and blue galaxy populations following the method

presented by Zehavi et al. (2011), considering the K-corrected (g − r) model colour:

0.1(g − r)model = 0.15 − 0.030.1Mr (2.2)

with a small change of the zero-point of 0.21 mag to 0.15 mag in order to have more equal

sized subsamples. This colour cut has been well tested by Loveday et al. (2012) at all

redshifts, although there is no well-defined blue population at redshifts larger than 0.2,

since only the most luminous galaxies are included in our sample at high redshift.

Note that, in order to compare the results in this work with Yang et al. (2009), the

colour separation criteria is modified when central and satellite galaxies are compared in

Sec 5. This new criteria is followed by Yang et al. (2009) using

0.1(g − r) = 1.022 − 0.0651x − 0.00311x2 , (2.3)

where x =0.1 Mr − 5 log h + 23.0.
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Figure 2.2: Group galaxy LF estimated using the volume-limited sample (0.002≤ z ≤0.1)

in blue and the LF using a magnitude-limited sample over the same redshift range in black.

Filled symbols show the non-parametric (SWML) LF and solid lines the corresponding

parametric LF. Non-parametric LF is practically the same in both cases. Parametric LFs

are slightly different due to data at the faint-end and consequently a steeper slope is seen

at the faint-end.
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Figure 2.3: Sersic index vs (g-r) colour corrected to a rest frame of z=0.1

Since the morphology of galaxies is fundamental to understanding the behaviour of

galaxies at different evolutionary epochs, we are interested in comparing the spheroidal

and disky galaxy shapes with the colour. Generally, red colour is associated with galaxies

containing a low fraction of dust and low star formation, i.e. early type or spheroidals,

while the blue population is usually associated with star forming galaxies or late types,

mainly spirals.

Many techniques have been developed to make an objective classification and also to

classify hundreds of galaxies automatically (e.g. Huertas-Company et al. 2009), however,

these methods work well only with high resolution images. At the moment, GAMA does

not have images with enough resolution at z ≥0.1. Simple methods, using the Sérsic

index (Sersic, 1968), give a reliable classification at least to distinguish between spheroidal

and disk shape galaxies (e.g. Barden et al. 2005). Therefore, we have made a simple

classification based on the r-band Sérsic index where galaxies are considered as spheroidals

when n > 1.9 and disky galaxies when n < 1.9. Many authors take the cut to be 2.5 (e.g.

Barden et al. 2005); however, Kelvin et al. (2012) show in their Fig. 15, how the Sérsic

index distribution in optical and NIR bands, and particularly r-band has a minimum at

n=1.9. When we look at the Sérsic index vs colour diagram (Fig. 2.3) for this sample, we

identify slightly this separation at 1.9.
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2.3 Optical Luminosity Function

We have estimated the LFs considering two non-parametric methods, the 1/Vmax (Schmidt

1968) and stepwise maximum likelihood (SWML, Efstathiou et al. 1988). For each sub-

sample considered in this work, we are taking into account a magnitude limit of r<19.8

(GAMA magnitude limit of all three fields) and 60 magnitude bins from M = -25 to M =

-10 with ∆M = 0.25 are used over three redshift bins [0.002, 0.1], [0.1, 0.2], and [0.2, 0.3].

When estimating the LF over these kind of restricted redshift ranges, it is important

to include just magnitude bins that are fully sampled, otherwise the LF would be under-

estimated in incomplete sample bins. So, the magnitude limits for each slice were set such

that only complete bins are included (Loveday et al., 2012), namely

Mfaint < mfaint - DM(zlo) - K(zlo),

Mbright > mbright - DM(zhi) - K(zhi),

where mfaint and mbright are the flux limits of the survey. The distance modulus is given

by DM(z), K(z) is the K-correction for a galaxy with the median spectral energy distri-

bution (SED) of those in the sample, and zlo and zhi are the limits of the redshift slice

under consideration. The Mfaint and Mbright denote the absolute magnitude limits of each

bin. We have used Poisson errors for non-parametric LF using the 1/Vmax method and

an inversion of the information matrix using the SWML method.

2.3.1 Luminosity Function Evolution

To parametrize the evolution of the galaxy luminosity function, we have followed the

methods applied by Lin et al. (1999) and Loveday et al. (2012), assuming a Schechter

function (Schechter, 1976) in which the characteristic magnitude M∗ and galaxy density

φ∗ can vary with redshift, but not the faint-end slope (α). The Schechter function is given

by

φ(M) = 0.4 ln 10φ∗(100.4(M∗−M))1+α exp(−100.4(M∗−M)), (2.4)

where the Schechter parameters α, M∗ and φ∗ vary with redshift as:

α(z) = α(z0),

M∗(z) = M∗(z0) − Q(z − z0),

φ∗(z) = φ∗(0)100.4Pz .

(2.5)

The redshift z0 is the same redshift to which magnitudes are K-corrected (z0 = 0.1).

Schechter parameters α, M∗(z0) and φ∗(0) and evolution parameters Q and P are deter-

mined using the maximum-likelihood method described by Lin et al. (1999). The shape
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parameters α, M∗(z0) and luminosity evolution parameter Q are fitted simultaneously

and independently of the other parameters, and then the number density evolution P and

normalization (φ∗) are fitted. These parameters are fitted according to Lin et al. (1999)

and Loveday et al. (2012) (see the last reference for a detailed description).

2.4 LF Results

2.4.1 Grouped and Ungrouped LF

The main goal of this work is the characterization of the LF for the galaxies in the G3C

catalogue. Nevertheless, differences between grouped and ungrouped (isolated) galaxies

should be considered. We have estimated the LF for the local sample (z < 0.1) using the

first volume-limited sample in Fig. 2.1. Fig. 2.4 shows the LFs for grouped and ungrouped

galaxies in black and blue colours respectively.1 Grouped galaxies are systematically

more luminous than ungrouped ones. This agrees with previous works (e.g. Croton et al.

2005) where they find a clear increment of the number of luminous galaxies in denser

environments using the 2dFGRS survey. At the faint end, isolated galaxies dominate over

galaxies in groups. This effect can be explained because at the faint end, there is an

overpopulation of dwarf galaxies; these types of galaxies are more predominant in isolated

environments, without external perturbations (like mergers, tidal effects). If these same

galaxies were part of a dense environment like a group, an imminent merger can destroy

this galaxy and it would become part of another brighter system. On the other hand, this

effect could also be the nature of these galaxies (e.g. Xu et al. 2012).

2.4.2 Dependence of the LF on mass

The mass estimation of the G3C catalogue is based on the group velocity dispersion and

radius, by AR11 (section 4.3 in their work). However, the mass estimation of the dark

matter halo, where the group in contained, can be calculated following the dynamical

mass, but Han et al. (2015) present a better estimator based on galaxy lensing (here

after ’luminosity mass’). Appendix 2.8.2 shows a test between the dynamical and lensing

methods and the halo mass from the mock galaxy catalogues used by AR11; which were

taken from the Millennium DM simulation (Springel et al., 2005).

In order to investigate the LF and its dependence on mass, the G3C catalogue was

divided in 3 representative mass bins (based on the luminosity mass) to explore the low

1Note for a volume-limited sample, a simple estimation of the LF is enough; however the SWML is

applied to be consistent with the rest of this work.
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Figure 2.4: LFs are presented for grouped and ungrouped galaxies in black and blue

colours respectively for a local volume-limited sample. Filled symbols show the results

using the SWML method and solid lines correspond to the parametric LF.



47

mass, characteristic and massive galaxy groups. GAMA provides the opportunity to ex-

plore with more detail the low mass range than any other previous study; therefore, the

mass limits are: 8 < logM/M⊙ ≤ 12.06 (low), 12.06 < logM/M⊙ ≤ 12.70 (middle) and

12.70 < logM/M⊙ ≤ 16 (high). These limits were set such that there is a similar number

of galaxies in each bin up to z<0.1, avoiding large Poisson uncertainties at the bright end

(Table 2.1).

The first row in Fig. 2.5 shows the galaxy group LFs in the three mass bins listed

above up to z≤0.1. These LFs are presented from the low to high mass bin in the 2nd,

3rd and 4th column respectively.

There is a significant difference at the faint end, where even with large error bars, faint

galaxies in massive groups tend to be rarer than those in groups with low mass, as the α

becomes flatter at middle and high masses. On the other hand, there is a higher number

of bright galaxies in the high mass bin, as there was expected and the M∗ decreases at

higher masses.

The corresponding Schechter fit values for α and M∗ are presented in Table 2.1. Due to

the overlapping of these values considering 1-σ error bars, we have estimated the number

density of galaxies (n [Mpc−3]) in three regions of absolute magnitudes, this test has the

advantage of not assuming a parametric form, to check if there is significant difference

between LFs at bright, middle and faint-end regions. Table 2.1 also presents the number

density for the three intervals of mass and absolute magnitude.

We can observe differences between the number galaxy density and the mass bins

as a function of the absolute magnitude (Fig. 2.6). For middle and faint-end regions n

decreases as mass rises; however, at the bright-end this tendency becomes positive. These

tendencies can vary according to the limits imposed. The limits, to estimate the number

galaxy density, were chosen trying to separate the bright region after the M∗ from the

middle magnitudes and the faintest magnitudes just close to the faint end.

Since the group mass is related to the velocity dispersion and radius, there is a linear

correlation between mass and velocity dispersion as seen in Fig. 2.7. Then the LF depen-

dence on velocity dispersion is similar to the mass dependence; this analysis is presented

in Appendix 2.8.1.

Colours and morphology.

LFs for blue and red galaxies in groups of different mass are shown in the second and third

rows of Fig. 2.5. From the first column (all grouped galaxies) it is clear that red galaxies
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Figure 2.5: Estimation of the LF for all galaxies in groups (first column) and divided in

3 mass group bins (at z ≤0.1): 8 < logM/M⊙ ≤ 12.06 (low mass; 2nd column), 12.06 <

logM/M⊙ ≤ 12.70 (middle mass; 3rd column) and 12.70 < logM/M⊙ ≤ 16 (high mass;

4th column). From the top to the bottom, the galaxies in groups have been divided in blue

and red colours, spiral and elliptical morphology and as a comparison the corresponding

LF using the mock catalogues described in Appendix 2.8.2. The solid line corresponds to

the best Schechter fit. Dotted-line show as comparison the LF in the first column for each

row.
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Figure 2.6: Number density (n[Mpc−3]) of galaxies integrating the LFs over three bins of

absolute magnitude [-23,-21], [-21, -17] and [-17 < -14] in descending order respectively,

for the three subsamples of masses in ascending order in black, blue and red respectively.
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Figure 2.7: Relationship between log(σ) and log(M/M⊙) of groups in the G3C catalogue
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dominate over blue galaxies at the bright end and vice versa at the faint end, as reported

by other authors (e.g. Yang et al. 2009). This behaviour is repeated for all the mass bins.

The most obvious difference in the blue LFs is at the faint end, becoming flatter as the

mass increases, meaning a lack of faint blue galaxies in massive groups. Conversely, the

density of luminous red galaxies increases in massive groups. These results are presented

in Table 2.1. The total LF in high mass groups is thus dominated by red galaxies. The

rise in density of faint red galaxies in low and middle mass groups may partly be due to

some of these objects being dust-reddened spiral galaxies, (Driver et al., 2012).

While classifying galaxies by Sersic index, as described in section 2.2.3, should be better

than colour at separating ellipticals and dust-reddened spirals, the Sersic classification is

just 70% reliable when comparing with a classified subsample for around 5000 galaxies,

mainly from the Galaxy Zoo catalogue (Lintott et al. 2008, Lintott et al. 2011).

Fig. 2.5 presents the LFs for grouped spiral and elliptical galaxies in the 4th and 5th

rows respectively. Due to the relationship between colour and morphology, these LFs follow

the same tendencies found for colour. Red or early-type galaxies tend to be brighter than

blue ones in most of the samples, whereas blue and late-type galaxies clearly dominate the

faint end; the combination of both of them returns the total LF. We still see a faint-end

turn-up in the densities of elliptical galaxies in low and middle mass groups, suggesting

that this effect is not entirely due to dust-reddened spiral galaxies.

Mock catalogues

As a comparison, the bottom of Fig. 2.5 shows the corresponding LF using the mock

catalogues described in Appendix 2.8.2. It is very hard to distinguish any significant

difference between these LFs. The only interesting feature is presented at the faint-end

in the high mass bin where there is a dip at Mr ∼ −15.5. This could be an effect of the

simulation resolution. McNaught-Roberts et al. (2014) do not present this feature due to

the faintest of theirs samples are down to -17.8, so, not way to observe it. The mock LF

parameters (α and M∗) agree with observations into one error bar, but at the high mass

bin the agreement in much better. This test the good quality of the mock catalogues at

high masses but with some unsolved issues for the low mass regime.

Comparison

Up to now, there is no similar study of the LF and the dependence with group properties,

in the redshift intervals we are presenting, we can compare directly with. However, we can
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dots) with 1-σ error bars corresponding to the interval of mass (left panels) and velocity

dispersion σ (right panels) at z < 0.1. Blue stars shows the values found in Robotham et al.

(2010).

verify the trends of the Schechter parameters (α and M∗) presented by other authors (e.g.

Zandivarez et al. 2006, Robotham et al. 2010) on mass dependency of groups up to z =

0.1. We compare our results to Robotham et al. (2010) in Fig. 2.8 (including the velocity

dispersion results); upper panels and red dots shows the relation of α with bins of mass

and σ, and lower panels in green dots, the dependency of M∗ with mass and σ; 1-σ error

bars are plotted. Blue symbols (stars) are the results found by Robotham et al. (2010);

these authors do not find a clear correlation between Schechter parameters and mass;

however, there would be a negative tendency of α and M∗ as mass bin increases but no

clear correlation is found due to the large error bars. Nevertheless, we cannot talk about

a correlation between α and mass or the velocity dispersion, but we can infer a negative

tendency between M∗ with both properties, mass and velocity dispersion, meaning the

expected result, high luminous galaxies are located in massive groups or with high velocity

dispersion. The main contribution here are the Schechter parameters (α and M∗) given

at the very low mass regime.
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Figure 2.9: Cumulative distribution in absolute r-magnitude for galaxies in groups of

richness (2, 3-4 and >5) in black, magenta and green respectively and ungrouped galaxies

are presented in cyan colour.

2.4.3 Dependence on Richness

For the richness dependency of the LFs, we consider only the most local volume-selected

sample (up to z ∼0.1), split into three richness bins: NFOF = 2, NFOF = 3-4 and NFOF ≥

5.

Fig. 2.9 presents the cumulative distribution of absolute r-magnitude (Mr) in richness

bins, including those ungrouped galaxies. Because we are interested in observing differ-

ences in the LF at different richness, we would expect to see statistical differences in these

cumulative distributions. To test these differences or similarities, we have applied the

Kolmogorov-Smirnov test (K − S test; Table 2.2); isolated galaxies are significantly dif-

ferent to the rest, nevertheless for those in the middle (NFOF = 3-4) and high (NFOF > 5)

bins, the probability to come from the same distribution is ∼ 0.38; meaning a insignificant

difference between these distributions.

We present the relation between richness, mass and redshift for the local volume

limited-sample in Fig. 2.10; the top left-hand panel does not show any clear dependence

between richness in groups with z. There are some regions although, with just a few

galaxies, but this is attributed to large scale structure as we can see directly from Fig. 2.1.

The top right-hand panel presents NFOF vs log(M/M⊙) of the groups. It is no surprise to
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Table 2.2: Comparison of the Mr cumulative distribution normalized to 1. Column 2

gives the maximum distance between these distributions and Column 3 the probability of

coming from the same distribution applying the K − S test.

Distributions distance Prob

NFOF = 2 – NFOF = 3-4 0.077 5.36E-06

NFOF = 2 – NFOF ≥ 5 0.067 1.91E-05

NFOF = 3-4 – NFOF ≥ 5 0.026 0.44

NFOF = 2 – isolated 0.117 8.54E-23

find the richest groups to be massive; but the number of groups with just 2 or 3 members

covers the entire range of masses, meaning the presence of small groups with very low mass

galaxies and small groups with massive galaxies. The bottom panel plots log(M/M⊙) vs

z; there is no clear correlation between these two parameters as we would expect in a

volume-limited sample.

Fig. 2.11 shows the relationship between richness and group mass. This distribution

presents the number of groups for the 3 richness subsamples in mass bins, from the lowest

to highest richness bin in black, magenta and green respectively. As expected, these

histograms show that as groups increase in richness, they tend to be more massive; but it

does not mean that poor groups cannot be massive as well.

Similar to Fig. 2.5, Fig. 2.12 presents the LFs in colours and morphology separated

this time in 4 richness bins, NFOF = 2, NFOF = 3, NFOF = 4 and NFOF ≥ 5.

For every row in Fig. 2.12, the shape of the LF does not change significantly with

richness, except of a systematic dispersion due to the number of galaxies in each panel.

For the 2nd and 3rd rows, there is a similar number of blue and red galaxies at the bright

end, meanwhile the faint end is dominated completely by the blue population, meaning a

significant blue population in the group outskirts.

In terms of morphology, the spiral and elliptical LFs do not change their shape with

richness. In this case is clear how the ellipticals dominate the bright end and the spirals the

faint end. Bright galaxies are mainly ellipticals as expected, and since central galaxies are

mostly the brightest galaxy in the group, then the central galaxies are mainly ellipticals,

but not necessarily red.

When comparing the mocks LF and real data, the M∗ follows the same tendency; this

becomes brighter as richness increases. This means there are brighter galaxies in groups

with more members or high densities as other works have showed (e.g. Croton et al.
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3-4 and 5 ≥ in black, magenta and green respectively for groups at z≤0.1.



56

2005, McNaught-Roberts et al. 2014). α tends to be steeper as the richness increases

in simulations; however this is not clear with real data where the large error bars (see

Fig. 2.13) do not allow to agree to deny this tendency.

Fig. 2.13 compares the Schechter parameters α and M∗ with the group richness divided

by colour (2 top panels) and morphology (2 bottom panels). At the bright-end, red galaxies

are mainly located in groups with richness NFOF = 5; however, for spirals is not clear even

when the Schechter fit suggests the brightest spiral galaxies are contained intoNFOF =

4 groups. On the other hand, α and M∗ follows similar tendency between blue and the

combined sample, meanwhile for red galaxies are not completely clear due to large error

bars. As expected, blue galaxies dominate the LF faint-end for all richness and the bright-

end is surprisingly dominated by blue galaxies at all richness.

McNaught-Roberts et al. (2014) find a tendency between α and the environment den-

sity for colours. α becomes more negative at higher densities for the red population and

an apparent constant value for blue population at all richness. Even when they applied

another method to define density, based on concentric spheres, Fig. 2.13 shows the same

tendencies.

When comparing M∗ and density, McNaught-Roberts et al. (2014) find a clear ten-

dency, M∗ becomes brighter as density increases for red and blue galaxies using the GAMA

data. Looking at Fig. 2.13, the same tendency is followed either by red or blue galaxies,

being less evident for the last ones. Then, the Schechter parameters follow the same ten-

dencies in function of the density, independently of what density method is used, the group

richness or concentric spheres.

For the morphology separation, there is no clear correlation between α and NFOF, in

agreement with the results reported by Cuesta-Bolao and Serna (2003), even when they

consider groups with NFOF ≥ 3. Contrarily to colours, M∗ is brighter for ellipticals, as

expected following the idea that central galaxies are dominated by ellipticals.

In a very broad analysis, considering morphology, mass and richness, we find that

elliptical galaxies are located in massive groups (median ∼ 5.43 × 1011M/M⊙), whereas

spiral galaxies are contained in groups with lower mass with median of ∼ 1.94 × 1011M/M⊙

at the bright end of the LF (Mr < -20). For the faint end (Mr > -18), this fact is the

same, nevertheless, differences between the medians of the two normalized distributions of

mass is only about 1.1 × 1011M/M⊙ and the shift in the median with respect to the bright

region is displaced to lower masses; this shows massive groups, besides contains brighter

galaxies than groups with lower mass, also are dominated by elliptical galaxies. This
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Figure 2.12: LF for all galaxies in groups (1st row), blue and red samples (2nd and 3rd

rows), spiral and elliptical morphology (4th and 5th rows) and the mock catalogue in four

richness bins: NFOF = 2 (2nd column), NFOF = 3 (3rd column), NFOF = 4 (4th column)

and NFOF ≥ 5 (5th column). As a comparison, the dotted line shows the LF from the

first column for each row respectively.



58

−1.0

−0.5

0.0

0.5

1.0

α

Colour

−21.5

−21.0

−20.5

−20.0

−19.5

M
∗

Colour

−1.0

−0.5

0.0

0.5

α

Morphology

2 3 4 5
Nfof

−21.5

−21.0

−20.5

−20.0

−19.5

−19.0

M
∗

Morphology

Figure 2.13: Schechter parameters α and M∗ with 1-σ error bars for different

NFOF for all(black), red (elliptical) and blue (spiral) galaxies in groups in the 2

top (bottom) panels.
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analysis has to be carried out with more detail considering only volume-limited samples.

2.5 Central and Satellite galaxies

Another analysis of the LF was carried out between central and satellite galaxies and

their dependence with galaxy group richness. Central and satellite galaxies are divided

according to AR11 (sec. 4.2.1). Briefly, AR11 select the central galaxy applying an

iterative procedure, where at each step the centre of light (in the r-band) is identified and

the most distance galaxy is eliminated. When there are only two galaxies remaining, the

brighter galaxy will be considered as the group centre.

Fig. 2.14 shows the LFs for all grouped, central and satellite galaxies divided by colour

(this separation is based on the Yang et al. (2009) colour separation), similar to previous

section, up to z=0.1. The best fit for these LFs can be seen in Table 2.3. Red central

galaxies dominate the bright end (M <-20) even when the M∗ for red central and red

satellites is the same into an error bar. There is a significant difference at the faint end

where blue galaxies dominate at M >-20; however, at M ∼-17 red galaxy LF apparently

arises again but this is not clear due to large error bars; as a comparison, Yang et al.

(2009) results are plotted in crosses following the same colours. Yang et al. (2009) find

that at the very faint end, the number of red central galaxies tends to be even bigger than

the number of blue galaxies. This apparent raising can be explained if mass accretion

can be truncated into small halos due to the large scale tidal field as Wang et al. (2007)

find, then central galaxies in this small halos are expected to be red. Another explanation

is following Ludlow et al. (2009), they find that some subhalos, present near to the large

virialized progenitor halo, can lose their gas due to tidal forces and consequently star

formation stops and galaxies tend to be red, more recently Wetzel et al. (2014) support

this idea using SDSS groups and N-body simulations.

Yang et al. (2009) show very similar shapes for red and blue satellite galaxies LFs,

this is far from our results. In Fig. 2.14, there are clearly more red satellite galaxies for

magnitudes M <-20.0 and more blue satellite galaxies at M >-20.0. There is again an

increment of the number of red galaxies at the faint end. This can be caused by similar

reasons given for central galaxies since satellite galaxies belong to the same subhalo.

Mock catalogue results show a similar LF shape with the GAMA data more than

that presented by Yang et al. (2009). A possible reason of this difference could be the

separation criteria between central and satellite galaxies. AR11, as mentioned above, is

based on the group luminosity, meanwhile Yang et al. (2009) separation is based on the
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Figure 2.14: LF divided by colour, red (3rd row), blue (2nd row) and combined (1st row)

for all the sample (1st column), central (2nd column) and satellite (3rd column) galaxies

up to z=0.1. The mock LF is presented in the 4th row. As comparison, crosses show the

LFs obtained by Yang et al. (2009) with the same colour code.
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Table 2.3: The best LF fit-parameters for all, central and satellite galaxies divided

by colour and compared with the mock catalogue

Galaxy colour α 0.1M∗-5lgh log φ∗/h3 Mpc−3

All Combined -1.08 ± 0.08 -20.63 ± 0.12 -2.23 ± 0.03

Blue -1.11 ± 0.09 -20.43 ± 0.22 -2.51 ± 0.05

Red -0.88 ± 0.15 -20.56 ± 0.15 -2.42 ± 0.04

Mock -1.12 ± 0.03 -20.86 ± 0.05 -2.41 ± 0.01

Central Combined -0.20 ± 0.20 -20.23 ± 0.12 -2.26 ± 0.05

Blue -0.50 ± 0.23 -20.30 ± 0.20 -2.63 ± 0.06

Red 0.42 ± 0.37 -19.97 ± 0.14 -2.53 ± 0.07

Mock 0.22 ± 0.15 -20.18 ± 0.05 -2.47 ± 0.02

Satellite Combined -1.20 ± 0.09 -20.06 ± 0.17 -2.39 ± 0.04

Blue -1.09 ± 0.15 -19.39 ± 0.25 -2.46 ± 0.06

Red -1.12 ± 0.16 -20.24 ± 0.22 -2.69 ± 0.06

Mock -1.21 ± 0.03 -20.35 ± 0.06 -2.49 ± 0.02

most massive galaxy to be the central galaxy. In spite of these authors mention, luminosity

or mass based definitions, both yield indistinguishable results, there is a clear difference

in this case supported by the mock catalogues.

In Fig. 2.15 we have divided central and satellite galaxies according to their group

richness, NFOF = 2 (black), NFOF = 3-4 (blue) and NFOF ≥ 5 (red). Similar to Fig. 2.12

in Section 2.4.3, there are more bright galaxies in rich groups than in groups with lower

multiplicity and contrarily at the faint end, either for central or satellite galaxies.

2.6 Luminosity function evolution.

We estimate the evolution of the galaxy LF considering Eq. 4 (Lin et al., 1999) for the

three mass bins discussed above (for the velocity dispersion analysis see Appendix 2.8.1).

Fig. 2.16 presents the evolution of the galaxy LFs separated by three mass bins (from

low to high mass groups in black, blue and red respectively), in three redshift ranges [0.002,

0.1], [0.1, 0.2] and [0.2, 0.3]. The inset in the top panels shows two-σ likelihood contours

for the Schechter parameters α and M∗ obtained from the parametric LF. Looking at this

plot, the correlation between α and M∗ is clear. Insets in middle and bottom panels show

M∗ likelihood ratios, normalised to peak at log L = 0; α is fixed to the value at z ≤0.1

according to the evolution model. The 1-σ likelihood in one dimension for the parameter
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Figure 2.15: LF divided by richness NFOF = 2 (black), NFOF = 3-4 (blue) and NFOF ≥ 5

(red) up to z=0.1 for central (top) and satellite (bottom) galaxies.
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Figure 2.16: LF evolution for the three subsamples computed according to the mass of

groups [8,12.06],[12.06,12.70],[12.70,16] logM/M⊙ in black, blue and red respectively; for

three redshift ranges [0.002, 0.1], [0.1, 0.2] and [0.2, 0.3] from the top to the bottom

respectively. Filled symbols shows the SWML LF with the corresponding error bars.

Solid lines are the best Schechter fit (least-squares). The inset at the top shows two-σ

likelihood contours for the Schechter parameters α and M∗ fitting the LF. The insets at

middle and bottom show M∗ likelihood ratio normalised to peak at log L = 0.

M∗ is determined using the parametric fits, minimising the χ2 for the fit.

Looking at the faint end in all cases, there are not considerable differences between the

LFs, but at the bright end. Massive groups contain brighter galaxies as expected, besides,

in the middle panel there is a significant increase with large error bars for the LF with

high mass groups at the very bright end. On the other hand the 1-σ likelihood in one

dimension shows only an overlapping of two distributions in the middle range of z at low

and middle mass bins, meaning no clear statistical difference between them, meanwhile the

other distributions are enough separated to indicate that there is a difference between them

and then a tendency where M∗ decreases with mass increasing. Schechter fit parameters

are presented in Table 2.4.

In order to investigate evolutionary trends in M∗, we plot in Fig. 2.17 the 1-σ likelihood

in one dimension normalised to peak at log L = 0 for the three z bins sorted from low to

high in solid, dot and dashed lines; colours follow the same meaning as in Fig. 2.16. M∗
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Table 2.4: Schechter parameters for evolution of the LF in three ranges of z for the three

subsamples of masses. (Q and P evolution parameters are the same at any redshift)

subsample bin logM/M⊙ α 0.1M∗-5lgh Q P

z < 0.1

8-12.06 -1.21 ± 0.13 -20.33 ± 0.21 1.10 ± 0.35 -8.74 ± 0.17

12.06-12.70 -0.83 ± 0.12 -20.41 ± 0.10 0.09 ± 0.09 -7.50 ± 0.11

12.70-16 -0.96 ± 0.07 -20.87 ± 0.12 0.17 ± 0.17 -7.01 ± 0.08

0.1 < z < 0.2

8-12.06 -1.21 ± 0.13 -20.38 ± 0.08

12.06-12.70 -0.83 ± 0.12 -20.42 ± 0.05

12.70-16 -0.96 ± 0.07 -21.01 ± 0.03

0.2 < z < 0.3

8-12.06 -1.21 ± 0.13 -20.53 ± 0.08

12.06-12.70 -0.83 ± 0.12 -20.51 ± 0.04

12.70-16 -0.96 ± 0.07 -21.11 ± 0.04

gets brighter as z increases for the middle and high mass bin; however, for the low mass

bin there is no clear evolutionary trend. When we compare the three mass bins together

with z, M∗ evolves in the same way for the three mass bins for the middle and high z

bins, where groups tend to be brighter as the mass increases; nevertheless this feature is

not present at lowest redshift . This suggests no domination of any of the mass bins in

the bright region. Fig. 2.18 make this result more clear.

2.7 Conclusions

In this work we present the LF for galaxies in the GAMA group catalogue (G3Cv6) in

the r-band. The estimation of the LF for galaxies in groups and the comparison with

ungrouped galaxies give us similar results to those found in Croton et al. (2005) and more

recently McNaught-Roberts et al. (2014), where they find galaxies tend to be brighter

as the environment density increases. At the faint-end, ungrouped galaxies dominate

over the grouped galaxies, maybe because these galaxies have not suffered any external

perturbation that may stop the star formation process for example. And many galaxies

in groups are perhaps in the final merger phase making the system more luminous.

The G3Cv6 was divided in three mass bins to explore the dependency of the LF with

the group mass. The first result is the LF slope at the faint end becomes shallower when the
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Figure 2.17: log likelihood in 1D normalised to peak at log L = 0, same insets in Fig. 2.16

plus the likelihood distribution at z=0. Solid, dot and dashed lines represent the three

intervals of z in ascending order; bins: 8 < logM/M⊙ ≤ 12.06, 12.06 < logM/M⊙ ≤

12.70 and 12.70 < logM/M⊙ ≤ 16 are shown in black, blue and red respectively.
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Figure 2.18: M∗ vs z for the mass bins: 8 < logM/M⊙ ≤ 12.06 (black dots), 12.06 <

logM/M⊙ ≤ 12.70 (blue crosses) and 12.70 < logM/M⊙ ≤ 16 (red diamonds).

mass bin increases, clearly because massive galaxies are associated to luminous galaxies,

even though the total mass is estimated not only base on the luminosity, it gives a very

first approximation. We cannot talk about a correlation between α and mass, but we

can infer a negative tendency between M∗ respect to mass, meaning the expected result,

high luminous galaxies are located in massive groups, with likely high velocity dispersion.

This catalogue is also separated by colour and morphology and the corresponding LF

is estimated again in the mass bins. Red galaxies domain over the blue galaxies at the

bright-end and vice versa at the faint-end for all the mass bins. However, the faint-end

slope (α) becomes flatter as the mass increases similar to the combined sample; and on

the other hand the density of massive red galaxies is higher than in the other bins. Due to

the relationship between colour and morphology, the LFs divide by morphology follow the

same tendencies found for colour. These LFs are tested respect to the mock catalogues.

The mock LF parameters (α and M∗) agree with observations into one error bar, specially

at the high mass bin, this means that the mock catalogue considered is confident at high

masses but with some unsolved issues for the low mass regime.

Following the questions presented in section 1.1, the mock catalogues used here, based

on the Millennium Simulation, reproduce the mainly the massive range for the group LF.
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Nevertheless, these mock do not reproduce the tendencies found at the low mass bin.

The Schechter parameters presented for the low mass bin are the parameters models may

reproduce, since this is the first time a sample allow us to estimate the LF at very low

masses.

For the velocity dispersion dependence of the LF, results are very similar to those

described above for the mass dependence, with slightly differences around the M∗, due

to groups with middle velocity dispersion present a lower number density of galaxies

comparing to the result found in mass (e.g. Miles et al. 2004).

We compared the group properties with richness to identify any possible correlation

between them using a volume-limited sample up to z = 0.1. However, there is no clear

sign that group mass correlates with low richness, or redshift correlates with richness,

just effects due to the large scale structure can be seen or the lack of rich groups at

low mass as expected, but we can identify massive groups with just 2 or 3 members

as shown in Fig. 2.10. Nevertheless, looking at the cumulative magnitude distribution,

magnitude distributions for the middle and high richness groups are statistically very

similar, meanwhile the other two magnitude distributions are clearly different. This result

is reflected in the shape of the LF for middle and high richness bins which are very similar,

and looking at the Schechter parameters, the faint end slope α agrees within one sigma.

Our results are consistent with those reported by Marinoni et al. (2002) where galaxies

are brighter in higher richness groups; also similar to the density dependence as presented

by McNaught-Roberts et al. (2014).

When we divided again in colour and morphology, we found the spiral and elliptical

LFs do not change their shape with richness, so the ratio of these galaxies is constant

independently of the richness. Bright galaxies are mainly ellipticals as expected, and since

central galaxies are mostly the brightest galaxy in the group, then the central galaxies are

mainly ellipticals, but not necessarily red. We also found, there are brighter galaxies in

groups with more members or high densities as other works have showed (e.g. Croton et al.

2005. α tends to be steeper as the richness increases in simulations; however this is not

clear with real data where the large error bars (see Fig. 2.13) do not allow to agree to

deny this tendency. Blue galaxies dominate the LF faint-end for all richness as expect;

however, and the bright-end is dominated by blue galaxies at all richness. This agrees

with the LF for central galaxies, where the bright end is not dominated either by blue or

red galaxies. α also becomes more negative at higher densities for the red population and

an apparent constant value for blue population at all richness. Meanwhile, M∗ becomes
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brighter as density increases for red and blue galaxies using the GAMA data.

The most important result from the central and satellite LF is the large difference

between the LFs in this work and those presented by Yang et al. (2009). A possible reason

of this difference could be the separation criteria between central and satellite galaxies they

used based on the mass and not on luminosity. However, the mock catalogues reproduced

our results. Nevertheless, a more specific study about central and satellite galaxies most

be done in a future work to clarify these differences.

LF evolution over redshift is has been characterized following the method proposed

by Lin et al. (1999) and the dependence on group mass and velocity dispersion. Galaxies

in massive groups or those with high velocity dispersion are brighter than those in the

other bins, following the idea that groups can be dominated by a very bright galaxy in the

central region. In the redshift interval 0.1 < z < 0.2, this same bright population shows

a flat bright end (using the SWML method); interpretation is not clear but a possible

explanation is that mentioned earlier, a population of bright AGNs. Trying to quantify

the change of M∗ according to the mass and velocity dispersion bin and redshift, we

calculate the two-σ likelihood contours considering the M∗ and α parameters, and the σ

1-dimension likelihood curves for M∗ with α fixed. 1-dimension curves show clearly an

increment of M∗ with higher z for high and middle bins (of mass and velocity dispersion).

Evolution is present in the same way for all the mass and dispersion bins.

The analysis presented in this paper was based only on the r-band. A robust analysis

using the multiwavelength information in GAMA will help to understand the physical

processes occurring in these groups and the relation with the results obtained here. An

introduction to this work will be presented in Paper III. Paper II will analyse the LF for

galaxies in low dense environments, isolated galaxies.
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2.8 Appendix

2.8.1 Mass and velocity dispersion complement

Sample divided by 2 mass and velocity dispersion bins

As a complement, to check the LF dependence on mass estimated in section 2.4.2 in

different bins, the G3C is divided in only two mass bins to explore the differences between

these two extreme sides. In spite of the median mass group of the sample is log(M/M⊙)

= 11.69, it was considered the number of galaxies distribution in function of the mass

group which median is log(M/M⊙) = 12.08. The upper (log(M/M⊙) = 17) and lower
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Figure 2.19: LFs from 2 bins of group masses; 8 < log(M/M⊙) ≤ 12.08 and 12.08 <

log(M/M⊙) ≤ 17 presented in black and blue respectively. Symbols and lines are similar

to Fig. 2.4.

(log(M/M⊙) = 8) limits are chosen such as we include most of the local galaxies in the

sample (z ≤ 0.1).

Fig. 2.19 shows the LFs estimated in two mass bins; 8 < log(M/M⊙) ≤ 12.08 and 12.08

< log(M/M⊙) ≤ 17 plotted in black and blue respectively. Similar to Fig. 2.4, symbols

correspond to non-parametric estimators and solid lines to the parametric estimator.

These LFs have very similar M∗, but the main difference is seen in the faint-end slopes.

These values are presented in Table 2.5.

Due to the relationship between mass and velocity dispersion (Fig. 2.7), similar results

are expected for the LFs dependence on velocity dispersion. The G3C is now divided in

two velocity dispersion (σ) bins: 1< σ ≤ 190 km s−1 and 190 km s−1 < σ. Fig. 2.20 shows

the LF for these bins, low range and high range in black and blue respectively. Differences

at bright and faint end are similar to those presented above for the mass bins, where the

LF is mostly affected at the faint end as well, meaning an agreement between the slopes

with the mass bins. Values of the parametric LF are presented in Table 2.5.

When Fig. 2.19 and Fig. 2.20 are compared and following Fig. 2.7, these LFs are

very similar considering both mass and velocity dispersion bins. The important issue
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Table 2.5: α and M∗ Schechter parameters fit to LFs and the dependence with 2 bins of

group mass and velocity dispersion (σ).

log(M/M⊙) α 0.0M∗ - 5 lg h

8 - 12.08 -1.17 ± 0.02 -20.94 ± 0.06

12.08 - 17 -1.06 ± 0.03 -20.92 ± 0.09

σ (km s−1) α 0.0M∗ - 5 lg h

1 - 190 -1.18 ± 0.02 -20.97 ± 0.08

≥ 190 -1.06 ± 0.02 -20.90 ± 0.08

here is to determine if the separation between the LFs at the faint end in both cases

is actually large enough to talk about two different distributions of galaxies. Following

Figure 18 in AR11, this separation can be explained; in this figure, richness and velocity

dispersion distributions decrease as both values for these quantities increase, so when

we cut the velocity dispersion distribution in two bins, there are lower groups with high

velocity dispersion and consequently there are lower galaxies as well, this effect can be

more observable at the faint end in Fig 2.19 and Fig. 2.20. The mass distribution peaks

at middle values(Figure 18 in AR11). When we divide the mass distribution in two bins,

the number of groups and galaxies in each bin are similar and we would expect LFs to be

very close.

Dispersion Velocity divided in 3 bins

A similar analysis made for the dependence of mass in groups is carried out to analyse

the dependence of the LF with the velocity dispersion to confirm the reliability of the

differences at the faint end presented in Fig. 2.20. The G3Cv6 catalogue is divided in

three subsamples of velocity dispersion (σ) limited by [1, 155], [155, 293] and [293, 4000]

kms−1. These limits were chosen dividing the total distribution in three similar ranges

(Table 2.6). LFs of these subsamples are presented in Fig. 2.21 where symbols are similar

to Fig. 2.20 and colours, black, blue and red in ascending order of velocity dispersion,

Schechter fit parameters are also showed in Table 2.6. The LF of galaxies in the middle

and high range of velocity dispersion follows the same tendency at the faint end even when

large error bars at highest σ range are considered; meanwhile galaxies in groups with low

velocity dispersion have a higher density at faint magnitudes. At the bright end, the three

LFs drop together in density and also a small difference is observed in absolute magnitude

where galaxies tend to be brighter as the velocity dispersion increases; for the middle range
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Figure 2.20: LF in 2 bins of σ; 1< σ ≤ 190 and 190 < σ km s−1 presented in black and

blue respectively. Symbols and lines are similar to Fig. 2.4.

Table 2.6: Number of grouped galaxies within each σ bin of the G3Cv6 catalogue and the

Schechter parameters α and M∗.

σ bin [kms−1] Ngalaxies α 0.1M∗-5lgh

1 < σ < 155 17948 -1.22 ± 0.11 -20.97 ± 0.29

155 < σ < 293 17992 -1.02 ± 0.10 -20.70 ± 0.18

293 < σ < 4000 18068 -1.04 ± 0.18 -20.73 ± 0.38

of velocity dispersion, the LF increases at the very bright end, perhaps just a statistical

effect due to large error bars.

To observe carefully the differences in density, similar to Fig. 2.6, Fig. 2.22 presents

the number density of galaxies (n[Mpc−3]) in three regions of the LF, the bright end,

middle magnitudes and faint end from top to lower panel. As expected, tendencies are

similar to Fig. 2.6 for the upper and lower panels; middle panel differs from the tendency

presented for the mass analysis. When varying the absolute magnitude interval, densities

show the same tendencies; meaning an under-population of galaxies with intermediate

magnitudes and σ. A similar feature has been reported previously by Miles et al. (2004)

at intermediate magnitudes and X-ray dim groups (low σ). According to them a study
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Figure 2.21: LF in 3 bins of velocity dispersion in the local Universe; 1< σ ≤ 155, 155<

σ ≤ 293 and 293< σ [kms−1] in black, blue and red respectively. Symbols and lines are

similar to Fig. 2.4
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Figure 2.22: Number density (n[Mpc−3]) of galaxies integrating the LFs over three bins

of absolute magnitude [-23,-21], [-21, -17] and [-17 <] -14 in descending order respectively,

for the three subsamples of σ in ascending order in black, blue and red respectively.

base on the X-rays is equivalent to one based on velocity dispersion. Based on a power-law

relation between X-ray luminosity and σ (Helsdon and Ponman, 2000), Miles et al. (2004)

suggest that at low σ the dynamical friction would facilitate the galaxy merging process,

driving intermediate luminosity galaxies to merge and becoming in giant central galaxies.

However, the dip found in this work is presented at middle σ. The big differences between

Miles et al. (2004) and this work is the redshift at which the galaxies are presented. The

most distant group in Miles et al. (2004) has a redshift of z=0.016, meanwhile in this

section the groups are contained in a redshift of z <0.1.

LF evolution and the dependence on velocity dispersion

Fig. 2.23 presents the evolution of the galaxy LFs over the same intervals of redshift as

done for the mass LF evolution, separated by three velocity dispersion bins [1, 155], [155,

293], [293, 4000] kms−1, in black, blue and red respectively. The inset at the top shows

again two-σ likelihood contours for the Schechter parameters α and M∗ obtained from the

parametric LF, and insets at middle and bottom show the 1-σ likelihood in one dimension

normalised to peak at log L = 0 as α is fixed.
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Figure 2.23: LF evolution for the subsamples computed according to the velocity dispersion

of groups [1, 155], [155, 293], [293, 4000] kms−1 in black, blue and red respectively; for

three redshift ranges [0.002, 0.1], [0.1, 0.2] and [0.2, 0.3] from the top to the bottom

respectively. Symbols and lines are similar to Fig. 2.16. The inset at the top shows two-σ

likelihood contours for the Schechter parameters α and M∗ fitting the LF. The insets at

middle and bottom show M∗ likelihood ratios normalised to peak at log L = 0
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Table 2.7: Schechter parameters for evolution of the LF in three ranges of z for the three

subsamples of velocity dispersion.

subsample bin σkms−1 α 0.1M∗-5lgh

z < 0.1

1-155 -1.22 ± 0.12 -20.97 ± 0.21

155-293 -1.02 ± 0.11 -20.70 ± 0.13

293-4000 -1.04 ± 0.18 -20.73 ± 0.27

z < 0.2

1-155 -1.22 ± 0.12 -20.82 ± 0.07

155-293 -1.02 ± 0.11 -20.86 ± 0.08

293-4000 -1.04 ± 0.18 -21.01 ± 0.05

z < 0.3

1-155 -1.22 ± 0.12 -20.85 ± 0.06

155-293 -1.02 ± 0.11 -20.93 ± 0.06

293-4000 -1.04 ± 0.18 -21.13 ± 0.07

Results are very similar to those obtained for the case of masses, due to the strong

correlation between mass and velocity dispersion. A few small differences can be observed,

mainly at the bright end, where galaxy population becomes brighter when the velocity

dispersion increases. Note again, the large error bars of the LF at the bright end in

the high mass bin and middle range of redshift. This effect can be explained by a high

fraction of luminous AGNs, also predominantly massive. Table 2.7 presents the Schechter

parameters of LFs in Fig. 2.23.

Likelihood insets are similar to those in Fig. 2.16, following the same tendencies with

σ as well as with z (Fig. 2.24). Looking at Fig. 2.24, there are a few differences; the most

significant is presented in the lowest z bin, where M∗ estimated in the highest mass bin is

overlapped with that one in the middle mass bin and not in the lowest mass bin as found

in Fig. 2.17.

2.8.2 Comparing the mass estimators and mock catalogue predictions

The GAMA Galaxy Group Catalogue (G3Cv6) has been extracted using the friends of

friends grouping algorithm as mentioned above. The group mass has been estimated firstly

using the dynamics of the system i.e. the dynamical mass; however, this estimation has

to be corrected by the scaling factor A (See sec. 4.3 in AR11) to produce a halo mass
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Figure 2.24: log Likelihood in 1D normalised to peak at log L = 0, same insets in Fig. 2.23

plus the distribution at z=0. Solid, dot and dashed lines represent the three intervals of

z in ascending order; bins: [1, 155], [155, 293], [293, 4000] kms−1 in black, blue and red

respectively.
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comparing the best matching between FoF/halo mock groups. In this section, this quantity

is simply called dynamical mass (sample i) in Table 2.8).

Han et al. (2015) apply a maximum-likelihood weak lensing analysis on the G3Cv5

catalogue and examine how the halo mass scales with the mass observable estimators,

particularly with the r-band group luminosity. In this paper the halo mass is estimated

following the relation

Mhalo = Mp(Lgrp/L0)
αL(σv/v0)

ασ(1 + z)αz (2.6)

where

log(Mp) = 14.15 − 0.07 ± 0.30,

αL = 0.78 + 0.02 ± 0.29,

ασ = 1.31 + 0.03 ± 0.52,

αz = −5.79 + 0.18 ± 3.64,

(2.7)

Lgrp is the total luminosity of the group, L0 ≡ 2 × 1011 h−2L⊙ and v0 ≡ 500 km s−1.

The Lgrp is the total r-band luminosity down to Mr - 5 log h = -14 in solar luminosities.

This is based on the total observed r-band flux and the fraction of light observable at the

group redshift Robotham et al. (2011). In order to eliminate systematic errors, Han et al.

(2015) created random catalogues to test the data. The errors presented in this equation

are simply the standard deviation obtained from the model fit to these catalogues.

This is presented as sample ii) in Table 2.8.

Both methods are plotted against the other in Fig. 2.25. From this plot, it clear there

is a discrepancy between both methods. So, they have to be tested against the intrinsic

halo mass from the mock catalogues.

Left side of Fig. 2.26 shows the group LF divided in 3 mass bins, comparing the

dynamical and luminosity halo mass estimators. Although every estimator results in

a different mass distribution, the three mass bins were selected (in each distribution)

containing a similar number of galaxies in each bin to avoid large Poisson bias; these

samples are i) and ii) in Table 2.8 for dynamical and luminosity estimators respectively at

z ≤0.1. The top panel shows similar shapes for both LFs, only with a slightly difference

at the bright end; this may be associated to a different number of galaxies, at these

magnitudes. This effect is expected to be seen when comparing to the mock catalogue.

Nevertheless, in the middle panel the LFs follow a similar shape at the bright end, but it is

not clear at the faint end into large error bars. Any important difference will be notorious

when comparing again with the mock catalogue. Analysing the highest mass bin, there are

no differences in shape between the LFs within the large error bars presented at the bright



87

Figure 2.25: Luminosity vs dynamical halo mass estimators for the whole G3Cv5 cata-

logue.

and faint ends. These differences can be confirmed looking at the right side of Fig. 2.26,

where the only significant difference is shown at the bright-end for the low mass bin.

The GAMA Galaxy Group Catalogue (G3C) has been created considering mock galaxy

catalogues to test the quality and intrinsic limitations of a given group finder (AR11).

These mock galaxy catalogues used by AR11 were taken from the Millennium DM sim-

ulation (Springel et al., 2005), populated with galaxies by the GALFORM (Bower et al.,

2006) semi-analytic galaxy formation recipe. The nine mock galaxy catalogues created

have the exact GAMA survey geometry, with each mock extracted from the N-body simu-

lation preserving the true angular separation between the three GAMA regions. However,

Table 2.8: logM/M⊙ limits for the three mass bins, considering the i) FoF dy-

namical halo mass, ii) FoF luminosity halo mass (Han et al., 2015) and iii) mock

halo mass estimators.

Sample lomass logM/M⊙ mimass logM/M⊙ himass logM/M⊙

i) FoF dyn 8 - 12.51 12.51 - 13.23 13.23 - 16

ii) FoF Lum 8 - 12.06 12.06 - 12.70 12.70 - 16

iii) Mock halo 8 - 12.91 12.91 - 13.62 13.62 - 16
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Low mass bin

Middle mass bin

High mass bin

Figure 2.26: Left side, the G3C LFs divided in three mass bins (considering the most

similar number of galaxies in each bin) to compare differences between the dynamical halo

mass (black) and luminosity halo mass red) estimators. From the top to the bottom,

corresponding to the low, middle and high mass bins respectively for groups at z ≤0.1.

Right side, LF ratio of Fig. 2.26 considering the dynamical mass estimator as the reference,

from the lowest mass bin (top panel) to the highest mass bin (bottom panel). Filled

symbols represent the ratio between the SWML LF with an average of the errors; solid

line shows the reference to the ratio=1
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these mock catalogues are not totally perfect, one of the main limitations of this gener-

ation of the GAMA mock galaxy catalogue is the fact that luminosity-dependent galaxy

clustering does not perfectly match the data (Kim et al., 2009), in particular in redshift

space (Norberg, prep).

Sample iii in Table 2.8) contains the intrinsic groups found in the mock catalogue, con-

taining the 9 mock catalogues together. The halo mass corresponds to the mass associated

to these groups in the Millennium DM simulation. To estimate the LF for this sample,

statistical effects of incompleteness associated with the GAMA sample (Loveday et al.,

2012) have been ignored, since the mock catalogues are statistically complete.

The mock catalogue is also divided in three mass bins corresponding to the sample iii)

in Table 2.8 to compare with the GAMA data.

Now the mock catalogue LF is compared to the G3C LF considering the halo group

mass as described above.

Left panels of Fig 2.27 show the GAMA data (using the dynamical mass estimator)

to mock catalogue LF ratio for low, middle and high mass bins in the top, middle and

bottom panel respectively. This corresponds to samples i) and iii) in Table 2.8. Although

there is a good correlation in all the bins between the mock and GAMA catalogues, there

are notorious differences between them. In the low mass bin, there are around 5% more

galaxies in the mock catalogue than in G3C for the very bright end (Mr ∼ -21.5); this

effect is not clear at the faint end due to large error bars. There is large scatter in the

middle mass bin; however, the most significant difference is presented at Mr ∼ -20 with an

apparent excess of galaxies in the G3C catalogue. For the high mass bin, the dispersion is

less than 5%, so no important differences can be seen. The last data points at the bright

end are possibly a lack of very bright galaxies in the G3C catalogue.

Right panels of Fig 2.27 show the corresponding GAMA data (luminosity mass esti-

mator) to mock catalogue LF ratio divided by mass bins similar to Fig 2.27. Samples ii)

and iii) in Table 2.8 show the corresponding mass limits. Looking at the all mass bins,

the relationship between the GAMA data and mock catalogues obeys the same tendency

presented in Fig 2.27 with higher ratio differences. The bright-end in the low mass bin

is dominated by the mock galaxies, being ∼12% more than the GAMA galaxies. In the

middle mass bin the difference at Mr ∼ -20 is very similar to that in Fig 2.27 within large

error bars, meaning a negligible difference between them. For the high mass bin there are

no differences between them. These results were expected from Fig. 2.26.

Based on these results and those in Han et al. (2015), the luminosity-based mass
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Low mass bin

Middle mass bin

High mass bin

Low mass bin

Middle mass bin

High mass bin

Dyn mass/Mock Lum mass/Mock

Figure 2.27: GAMA data LF and GAMA mock LF ratio for galaxies in three mass bins

using the dynamical mass estimator (left panels) and the luminosity based mass (right

panels), from the lowest bin (top panel) to the highest bin (bottom panel). Filled symbols

represent the ratio between the SWML LF with an average of the errors; solid line shows

the reference to the ratio=1.
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method is the best to estimated the halo mass and this was used in this paper to separate

the sample in section 2.4.2.
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Chapter 3

PaperII

UNAM-KIAS Catalog of Isolated Galaxies:

The Optical Luminosity and Mass Functions.

Vázquez-Mata J. A., Lacerna I., Hernández-Toledo H., Rodriguez-Puebla A.,

Loveday J. et al.

We use the UNAM-KIAS Catalog of Isolated galaxies to calculate the galaxy lumi-

nosity and stellar mass functions as well as the gas-to-stellar mass ratio. The luminosity

function was estimated for the UNAM-KIAS catalogue according to the galaxy morphol-

ogy in the ugriz bands. We find an interesting feature in the LF shape, a dip in the

middle magnitudes for all the bands, a presumably merger effect that is not well under-

stood but that many authors have found in other work without a strong explanation. To

compare the isolated galaxy LF, we also estimated the LF for two samples in low dense

environments using the GAMA survey. There are significant differences of the LF with

previous works for galaxies in similar environments but smaller samples. However, there

is a good agreement between the UNAM-KIAS and the GAMA samples for the LF shape

and the magnitude limits. We find that LF depends strongly with the number of galaxies

contained in the sample. We have estimated the Schechter parameters characteristic of a

statistical complete sample of isolated galaxies. These new values must be considered for

other studies based on these type of galaxies. The stellar mass function agrees with our

expectations and we establish the gas-to-stellar mass ratio for isolated galaxies. From the

SMF, we also found that galaxies with log M [M⊙] ∼11 stop forming stars, with a few
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blue galaxies in the last star formation stage, with a notable 50% of spirals. This suggest

that morphology can the be last transition of isolated galaxies to become in a passive red

galaxy.

3.1 Introduction

One of the most fundamental properties of a galaxy population is the luminosity distri-

bution of galaxies, well known as the galaxy luminosity function (LF). The LF represents

the number of galaxies contained in a volume in luminosity intervals, and has become an

important tool to characterize statistically either stars or galaxies from large surveys. The

shape of a LF depends on the physical process carried out in galaxies observed at certain

wavelength, mostly related to star formation process. The density can be obtained by

integrating the LF. This density also changes according to the type of galaxy considered,

cosmological environments, wavelength and redshift. Statistically, the LF is a fundamental

study to test the cosmological models of formation and evolution of galaxies.

The distribution of galaxy luminosities and stellar masses in the present day uni-

verse is of fundamental importance for studying the assembly of galaxies over redshift,

both observationally and theoretically (e.g., Cole et al. 2000, Brinchmann and Ellis 2000,

Somerville et al. 2001, Wolf et al. 2003, Croton et al. 2005, Yang et al. 2009). In addition,

providing the zero redshift baseline for LF evolution, the local LF powerfully constrains

much of the important physics affecting the assembly of baryons in dark matter haloes.

According to the Λ Cold Dark Matter (ΛCDM) hierarchical scenario, models predict

the existence of many low-mass haloes in voids or being accreted into massive haloes

(White and Frenk, 1991); if these haloes are massive enough to contain dwarf galaxies,

then we will have a large number of faint galaxies and the LF must have a pronounced

ascending slope at the faint end. However, this steep slope is not found in observations

as we showed in Paper I, where satellite galaxies dominate the LF faint end of the groups

LF, however, the slope is not as steep as predicted by some cosmological models. The

isolated galaxy LF can test the number and distribution of galaxies contained in haloes,

far from the massive haloes acreating satellites, and give information about the intrinsic

physical process of the isolated galaxies.

There have been a number of recent studies that have estimated LFs and mass func-

tions (MFs) based on large surveys like 2dF Galaxy Redshift Survey (Folkes et al., 1999),

the Sloan Digital Sky Survey (SDSS; York et al. 2000) and most recently the Galaxy and

Mass Assembly survey (GAMA; Driver et al. 2009, Driver et al. 2011). Around the knee
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of the LF, which represents the dominant contribution to the overall luminosity density,

the agreement between the LFs from different surveys is consistent. In the optical spec-

trum, luminosity densities agree at typically the 20% level or better, accounting for differ-

ences in filter bandpasses and median redshift (e.g., Norberg et al. 2002, Liske et al. 2003,

Blanton et al. 2003). Many authors (e.g. Croton et al. 2005; McNaught-Roberts et al.

2014) have studied the dependence of the LF with the environment and redshift, finding

a correlation between the characteristic magnitude and the faint end slope with the envi-

ronment. These studies are based on the galaxies contained in spheres with certain radius

to associate the density.

The most recent study considering the differences of the LF according to the morpho-

logical type for isolated galaxies was carried out by Sulentic et al. (2006). They use the

AMIGA sample (Verdes-Montenegro et al., 2005), a refinement of the original catalogue

of isolated galaxies (KIG; Karachentseva 1973), to estimate the B-band LF.

The goal of this paper is to characterize the UNAM-KIAS Catalog of Isolated Galaxies

(Hernández-Toledo et al., 2010). This catalogue is unique because it is the first compi-

lation of isolated galaxies considering a 3D spatial distribution to warranty the isolation

of the galaxies and contains almost the double number of galaxies in AMIGA. In this

paper, based on the UNAM-KIAS Catalogue, we explore in detail the LFs of galaxies in

the SDSS bands, from the u-band (0.35 µm) to the z-band (0.9 µm), to understand the

intrinsic process carried out by the galaxies in low dense environments and to establish for

the first time, reliable Schechter parameters for isolated galaxies. To understand better

the physical process, we also investigate the stellar MF of galaxies with a factor of 1000

in stellar mass, using the relations between stellar mass-to-light ratio and (g − r) colour

from Bell et al. (2003). Fortunately, many of the UNAM-KIAS galaxies have H I and H2

information (cold gas). Using this data we can estimate the gas-to-stellar mass fraction to

check how is this fraction compare to the typical spiral galaxies in all environments; and

we can estimate the halo to stellar mass fraction. These studies establish an extra test to

the theoretical models as described by Rodŕıguez-Puebla et al. (2011) and Lacerna et al.

(2014).

In section 2 we describe the samples used, the corrections applied and the selection

effects. In section 3 we show the procedure to estimate the LF and the stellar MF. LF

results are presented in section 4, the stellar MF in section 5 and the gas calibration in

section 6. Finally, discussion and conclusions are presented in section 7.

For this work, we assume the standard cosmology parameters of ΩM=0.3, ΩΛ=0.7 with
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a Hubble constant of H0=100h km s−1 Mpc−1.

3.2 THE DATA, DATA QUALITY, AND SELECTION EF-

FECTS

3.2.1 UNAM-KIAS

The UNAM-KIAS Catalogue of Isolated galaxies is originated from the New York Univer-

sity Value-Added Galaxy Catalog (NYU-VAGC; Blanton et al. 2005). The NYU-VAGC

are galaxies from the SDSS (DR5; Stoughton et al. 2002) selected up to redshift z = 0.3.

The UNAM-KIAS catalogue provides a nearly complete 13 < r < 15.2 sample of ∼1500 iso-

lated galaxies with accurate ugriz fluxes and magnitudes. Due to image quality, a uniform

and detailed g-band morphological classification is established (Hernández-Toledo et al.

2010; here after HT10).

Briefly, the isolation criteria, followed by the UNAM-KIAS catalogue, was implemented

from a variation on the criteria developed by Karachentseva (1973) including full redshift

information. These criteria are specified by three parameters: i) the projected separation

from the nearest neighbour across the line of sight, ∆d ≥ 100 ×RPetrosian; ii) the radial

velocity difference, ∆V ≥ 1000 km s−1, and if the last two are broken, a third parameter

is considered, iii) the extinction-corrected Petrosian r-band apparent magnitude differ-

ence between a candidate galaxy and any neighbouring galaxy, ∆mr ≥ 2.5. A detailed

description of the catalogue and the selection criteria can be found in HT10.

3.2.2 GAMA

The Galaxy and Mass Assembly project (GAMA) is a multi-wavelength spectroscopic

galaxy survey (Baldry et al., 2010); based on the Sloan Digital Sky Survey Data Release

7 (SDSS DR7). In the second phase, GAMA-II (Liske et al., 2015) consists of three equa-

torial regions, each of 12 × 5 degrees with a Petrosian magnitude limit of r < 19.8 mag.

Since GAMA II is a highly complete spectroscopic survey (98%) with uncertainty σv ≈

50 kms−1, we decided to take into account two similar samples of galaxies at low density

environments to compare with the UNAM-KIAS catalogue:

I. Void galaxies sample, compiled by Alpaslan et al. (2013) applying the minimal span-

ning trees (MST; Iyanaga et al. 1980) method in a volume limited sample limited by z

= 0.213 and Mr = 19.77. Once galaxies are classified as ungrouped, the MST method

is applied and void galaxies are those that were rejected from the MST used to identify
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tendrils. This void galaxies sample contains 4542 objects. Due to the small number of

galaxies at very low redshift, we estimate the LF up to z = 0.2.

II. Isolated galaxies are defined as the galaxies ungrouped by the GAMA Galaxy

Group Catalogue (G3Cv6). This catalogue was generated applying a friend-of-friends

(FoF) grouping algorithm; the first version of this catalogue (G3Cv1) is presented by

Robotham et al. (2011) using the GAMA-I survey. The G3Cv6 catalogue contains a total

of 23838 groups with multiplicity ≥2 containing 73268 galaxies, ∼40% of the whole GAMA

survey. In this case, we consider galaxies with z ≤0.1.

3.2.3 Completeness

One of the advantages of the UNAM-KIAS catalogue is the completeness; ∼ 80% complete

up to 15.2 r-band mag (HT10). This magnitude limit is a consequence of the selection

criterion that excludes fainter galaxies to ensure they are in the limits of the parent sample.

Fig. 3.1 (Fig. 17 in HT10) presents a way to estimate the completeness of the sample for

the ugiz bands using the V/Vmax method (HT10 for more details). We can infer the

sample completeness by finding the magnitude at which the mean value of the V/Vmax

turns drastically down (Huchra and Sargent 1973, Xu and Sulentic 1991). However, no

values were reported by the authors since no well-defined cut-offs can be observed. We

therefore need to consider another way to establish the sample limit for the ugiz bands.

We propose to use the distributions of galaxy colours in order to assign the catalogue

limiting magnitudes in the ugiz bands. Fig. 4.1 shows histograms of u− r, g− r, i− r and

z−r Petrosian colours. The vertical dashed lines indicate the 1- and 99-percentiles in each

colour. The magnitude limits in the ugiz bands are then given by adding the leftmost of

these colours (bluest for u − r and g − r, reddest for i − r and z − r) to r = 15.2 mag.

For example, only 1% of galaxies are bluer than g − r = 0.4 mag, and so UNAM-KIAS

catalogue is 99% complete to g = 15.6 mag. These 99%-complete colour limits are given

for each band in Table 4.1 (by design, the r-band is actually 100% complete to r = 15.2).

These values agree accurately to the magnitude at which the < V/Vmax > turns down

(Fig. 3.1). Note the large faint tail in the u-band after the apparent magnitude limit

estimated. These limits have been plotted in Fig. 3.1 (dashed lines). These lines agree

with the < V/Vmax > knee, so this method is a good test to find the magnitude limits for

ugiz bands.
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Figure 3.1: Vmax test and the completeness of the UNAM-KIAS isolated galaxy sample

(Fig. 17 in HT10). Dashed lines show the magnitude limits presented in Table 4.1.

Figure 3.2: Petrosian u − r, g − r, i − r and z − r colour histograms in 0.1 mag bins for

UNAM-KIAS galaxies. The vertical dashed lines indicate the 1- and 99-percentiles; the

leftmost of which defines colour completeness in the ugiz bands.
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Table 3.1: Magnitude limits in the ugriz bands, where band−r corresponds to the colours

of each band with respect to r and mfaint is the chosen faint apparent magnitude limit

using the 1-percentiles in each colour distribution. The bright limit is mbright = 11.0 mag

in all bands.

band band − r mfaint mbright

u 1.15 16.35 11.00

g 0.30 15.50 11.00

r 0.00 15.20 11.00

i -0.52 14.68 11.00

z -0.84 14.36 11.00

3.2.4 K-correction

Although this is a very local sample of galaxies (z < 0.1), we have to consider the effect

of the redshift at which galaxies are being observed. This effect is corrected by the K-

correction (Humason et al., 1956); this correction is applied to the intrinsic luminosity

according to the rest frame of the galaxy. This correction depends on redshift, passband

and the galaxy spectral energy distribution (SED). The whole sample has been corrected

using the kcorrect v4 2 code (Blanton et al., 2003) where a rest frame of z0 = 0.1 is

considered.

3.2.5 H I Data

We use the information of the H I line magnitude (corrected for self-absorption) from the

HyperLeda database1 for the sample of isolated galaxies to estimate their gas mass Mgas

content. The neutral hydrogen line magnitude in 21 cm, m21, is converted into H I mass

MHI by using

MHI

M⊙

= 2.36 × 105 d2
L 10(17.4−m21)/2.5 , (3.1)

where dL is the luminosity distance in Mpc (Roberts and Haynes, 1994). The gas mass

is calculated with a simple correction for helium and metals, Mgas = 1.4MHI . We found

398 isolated galaxies with the H I line information available in the HyperLeda database.

In addition, we identified five other isolated galaxies in the α40 catalogue of 21 cm H

I line sources of the Arecibo Legacy Fast Arecibo L-band Feed Array (ALFALFA) survey

1http://leda.univ-lyon1.fr/
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(Haynes et al., 2011) and 7 other isolated galaxies in the catalogue of Springob et al.

(2005). In total, we estimated the gas mass for 410 isolated galaxies, ∼27% of the total

UNAM-KIAS catalogue, using the 21 cm H I line.

3.3 Luminosity and Stellar Mass functions

3.3.1 LF and SMF Estimation

We estimate the galaxy luminosity function using the non-parametric 1/Vmax (Schmidt

1968, Felten 1977) and the step-wise maximum likelihood (SWML, Efstathiou et al. 1988)

methods. The Vmax method has the disadvantage that it is sensitive to galaxy density

variations; on the other hand, the SWML method is insensitive to density fluctuations of

this type (although both methods are sensitive to density fluctuations when calculating

the overall LF normalization).

The SWML method makes the assumption that the shape of the LF is independent

of environment; however, there is impressive evidence against this assumption, at least in

the optical (De Propris et al. 2003, Hütsi et al. 2002, McNaught-Roberts et al. 2014). In

contrast, the Vmax method does not make any a priori assumptions regarding the form of

the LF.

We consider the Vmax and SWML methods; however, both methods determine identical

results within the error bars (Fig. 3.3) as found also by other authors (e.g. Cole et al. 2001,

Loveday et al. 2012). Therefore, 1/Vmax is used for the rest of this work, because we are

considering galaxies in the same environments.

To parametrize the galaxy LF, we have assumed the standard Schechter function

(Schechter, 1976):

φ(M) = 0.4ln10φ∗(100.4(M∗−M))1+αexp(−100.4(M∗−M)), (3.2)

where M∗ is the characteristic magnitude, φ∗ is the galaxy density and α is the faint-end

slope.

The stellar mass estimation (M∗) is not a simple task, VESPA (Tojeiro et al., 2009) is

the largest database containing the mass of a large fraction of the SDSS survey. However,

the isolated galaxies in the UNAM-KIAS catalogue only match up to 80% with VESPA.

For this reason, stellar masses have been estimated using the M/L ratios from Bell et al.

(2003), using a Kroupa (2001) initial mass function as described by Yang et al. (2009),
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log
[(

M∗

h−2M⊙

)]

= −0.306 + 1.097(g − r) − 0.10 − 0.4(0.0Mr − 5 log h − 4.64). (3.3)

Here, -4.64 is the Mr of the Sun in the AB system Blanton and Roweis (2007) and

-0.10 is the term related to the initial mass function adopted.

Either for the LF or the SMF, we follow the same method based on the Vmax method.

Given a galaxy with apparent magnitude mx in the x-band and redshift z, the absolute

magnitude Mx is estimated by

Mx = mx − 5 log(DL(z)/Mpc) − 25 − K(z) + Q(z), (3.4)

where

DL(z) = DH

∫ z

0

1 + z

E(z)
dz, (3.5)

E(z) =
1

√

Ωm,0(1 + z)3 + ΩΛ,0

, (3.6)

and

DH = c/H0. (3.7)

K(z) and Q(z) are the K− and evolution corrections respectively, c is the speed of

light in the vacuum and H0 the Hubble constant.

To select a galaxy to estimate the mass function, we impose the following conditions:

1) Given the apparent limit magnitude given by the survey (mlim,r = 15.2 in SDSS),

the absolute limit magnitude is estimated by

Mlim,x = mlim,x − 5 log(DL(z)/Mpc) − 25 − K(zi) + Q(zi), (3.8)

where zi is the i galaxy redshift.

2) We consider all the galaxies that follow Mlim,x > Mx,i, otherwise the galaxy is

neglected.

3) Given the apparent limit magnitude mlim,x, the maximum distance at which the

galaxy can be observed with an absolute magnitude Mx,i is:

5 log(DL(zmax,i)/Mpc) = mlim,x − Mx,i − 25 − K(zmax,i) + Q(zmax,i), (3.9)
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4) Once we get zmax,i, we need to check that this redshift is within the observed volume

zvol,i. To estimate the maximum volume at which this galaxy can be observed (Vmax), we

follow

zmax,i < zvolthenVmax,i =
ΩS

3

⎡

⎣

(

DL(zmax,i)

1 + zmax,i

)3

−

(

DL(zmin)

1 + zmin

)3
⎤

⎦

zmax,i > zvolthenVmax,i =
ΩS

3

[

(

DL(zvol)

1 + zvol

)3

−

(

DL(zmin)

1 + zmin

)3
]

(3.10)

where ΩS = (π / 180)2 A. A is the survey area in square degrees.

5) For each magnitude bin ∆Mx the luminosity function in the interval Mx ± ∆Mx /

2 is:

φ(Mx) =
1

∆Mx

∑

i

1

Vmax,i
(3.11)

and the Poisson error is given by

σ =
1

∆Mx

√

√

√

√

∑

i

(

1

Vmax,i

)2

(3.12)

6) For the stellar masses, similar to equation (3.8), the completeness limit (following

van den Bosch et al. 2008) is given by:

log[M∗,lim/(h−2M⊙)] =
4.852 + 2.246 log DL(z) + 1.123 log(1 + z) − 1.186z

1 − 0.067z
, (3.13)

Similar to the LF, for each mass bin ∆M∗ the stellar mass function in the interval

M∗ ± ∆M∗ / 2 is:

φ(M∗) =
1

∆M∗

∑

i

1

Vmax,i
. (3.14)

3.3.2 Colour and sSFR

The specific star formation rate (sSFR), defined as the star formation rate (SFR) divided

by the stellar mass, has been obtained from the MPA-JHU DR7 catalogue, 2 and it is an

updated version of the estimates presented in Brinchmann et al. (2004) by using a spectral

synthesis fitting model.

2Available at http://www.mpa-garching.mpg.de/SDSS/DR7/
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To separate the SMF in colour and passive/active galaxies, we follow the same method

presented in Lacerna et al. (2014) based on the distribution of galaxies for different samples

including the UNAM-KIAS catalogue. Galaxies can be separated in red and blue by

g − i = 0.16[log(M∗)10] + 1.05, (3.15)

and in passive/active galaxies following

log(sSFR) = −0.65[log(M∗) − 10] − 10.87, (3.16)

where M∗ is in units of h−2M⊙ and sSFR is in units of yrs−1 (see Tables 4 and 5 in

Lacerna et al. (2014) for the cut limits in terms of mass).

3.4 Results

Fig. 3.3 shows the LF of the UNAM-KIAS catalogue in the ugriz bands from top to bottom

respectively. Filled symbols present the LF based on the 1/Vmax method, continuous lines

correspond to the best Schechter fit using the chi-square method and open symbols the

SWML based LF as comparison. The corresponding Schechter parameters are presented

in Table 3.2. As we expect, M∗ increases from blue to red bands, as a result of the

old galaxy population and the reddening of light due to the reemission of dust and gas

contained in the galaxies (e.g. Blanton et al. 2005). For all of the bands, there is an

unclear dip at intermediate magnitudes (∼19 in the r-band), presented in both, the Vmax

and SWML estimators. This feature has been seen by other authors (e.g. Miles et al.

2004) and most recently by Moorman et al. (2015) using data from ALFALFA and SDSS.

They find this feature for the global LF from ALFALFA associated with galaxies in dense

regions, and also with the SDSS data, specifically using the red early type population.

For the UNAM-KIAS LF, this dip is presented either for early or late type galaxies. A

possible explanation is just the lack of galaxies very close to the M∗, due to, some isolated

galaxies are likely recent merger products at a fixed large-scale density (Park et al., 2008)

and these mergers close to the characteristic magnitude M∗ may become these galaxies in

brighter galaxies.

3.4.1 Early- vs. late-type galaxies

Fig. 3.4 shows the LFs divided by two broad morphological types; E and S0 are considered

as early-type galaxies (red) and Sa-Sd as late-type galaxies (blue), and in black the total
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Figure 3.3: LF in the ugriz bands in blue, green, black, magenta and red colours, re-

spectively. Symbols present the 1/Vmax method, continuous lines correspond to the best

adjust using the a chi-square method, and open symbols present the results using the

SWML estimator as comparison.
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Table 3.2: ugriz Schechter parameters.

band α 0.1M∗ - 5 log h φ∗× 100

/h3Mpc−3

u -0.90 ± 0.25 -17.48 ± 0.13 0.14 ± 0.06

g -1.11 ± 0.01 -19.17 ± 0.16 0.26 ± 0.07

r -1.16 ± 0.01 -20.10 ± 0.18 0.17 ± 0.07

i -1.15 ± 0.01 -20.51 ± 0.17 0.20 ± 0.07

z -1.20 ± 0.01 -20.76 ± 0.19 0.21 ± 0.08

LF of the complete sample; as a comparison, the general LF in r-band from the whole

SDSS is plotted in a green dotted-line. Due to the number of galaxies of each type, ∼70%

late- and ∼20% early-type galaxies, the difference in density is clear between the both

LFs. Contrarily to results expected for samples contained in different environments, where

early-type galaxies dominate the bright-end and late-type galaxies the faint-end, we find

that isolated late-type galaxies dominate over the whole range of magnitudes. This fact

is consequence of the galaxies taken into account in these type of samples, in agreement

with Croton et al. (2004) using galaxies in voids. Many authors have reported an excess of

late-type galaxies in the field, as seen in observations (e.g. Karachentseva 1973, Loveday

1996, Hernández-Toledo et al. 2008) as well as in simulations (e.g. De Lucia et al. 2006);

meanwhile early-type galaxies are mostly located in the centre of groups or clusters (e.g.

Kauffmann et al. 2004).

In order to see the differences in the LFs according to the main types of galaxies, we

divide the UNAM-KIAS catalogue into four subsamples: 1) E-S0/Sa, 2) Sa-Sab, 3) Sb-Sc

and 4) Scd-Sd. We consider these subsamples since they contain a reasonable number of

galaxies to estimate the LF. The LF is presented in Fig. 3.5 for the four subsamples in the

g-band and the AMIGA LF estimated by Sulentic et al. (2006) is plotted in dotted-lines as

a comparison in the Bcorr band (Verdes-Montenegro et al., 2005) for the same morphology

bins. Large error bars can be seen at the faint-end, meaning a low number of faint galaxies,

consequence of the sample selection in magnitude. Similar to LF presented in Fig. 3.3, we

can observe a dip at intermediate or faint magnitudes, which is weaker for very late-type

galaxies, similar to what Moorman et al. (2015) report. However, for the Scd-Sd sample,

there is only one point with an increment of the LF at the bright-end. This effect may

just be a systematic effect from the LF estimation without the possibility to think about

an AGN effect. When comparing with the AMIGA LF, the bands presented are not the
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Figure 3.4: LF in the ugriz bands for the whole sample (black), elliptical (red) and

spiral (blue) galaxies. Green dotted-line is the global SDSS LF in the r-band, plotted as

comparison.
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Figure 3.5: LF in the g-band for four morphology bins indicated in each panel. As a

comparison, dotted-lines show the AMIGA LF (Sulentic et al., 2006) in the same bins of

morphology in the Bcorr band.

same but close enough to compare the LF shape. LF differences are clearly seen between

both samples; however, the UNAM-KIAS survey is more complete and we can establish

more reliable Schechter parameters. This shows also how the selection criteria affects the

LF shape.

3.4.2 Comparison with other samples

Taking advantage of the complete and high data quality of the GAMA survey, we es-

timate the LF for two subsamples at low densities, galaxies in voids and galaxies clas-

sified as ungrouped (galaxies excluded from the G3Cv6 catalogue). Fig. 3.6 shows the

voids LF in the ugriz bands in blue, green, black, magenta and red colours, respec-

tively. As comparison the global GAMA r-band LF (Loveday et al., 2012) is presented in

a green dotted-line for low-redshift galaxies. The corresponding global AMIGA B-band

LF (Verdes-Montenegro et al., 2005) is presented in a red dotted-line. Note, this void sam-

ple is a volume-limited sample so, there are not galaxies in the same range of magnitudes

as in the UNAM-KIAS at the faint end. For this reason, we cannot compare the faint

slope (α) of the voids LF to the other samples, but the M∗ parameter since non bright
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Figure 3.6: LF of the void GAMA sample in the ugriz bands (blue, green, black, magenta

and red colours, respectively). Symbols represent the 1/Vmax method. Solid lines are the

best fit. As a comparison, the global GAMA r-band LF is presented in green dotted-line

and the global AMIGA B-band LF in red dotted-line.

galaxy is exclude from the LF estimation in any sample. Nevertheless, there is a clear

difference at the bright end, where galaxies tend to be brighter as the redder the band is

as we discussed at the beginning of Sec 4.

Considering that the UNAM-KIAS catalogue is unique (besides in the SDSS bands), it

is not trivial to do direct comparisons with previous works using the Johnson magnitudes.

As we mentioned before, the AMIGA survey is the closest sample of isolated galaxies

with which we can compare our results and also other studies such as the LF in voids

by Croton et al. (2004). For this comparison, SDSS bands must be transformed into the

Johnson magnitude system. The apparent magnitude in the B-band is estimated using

the transformation proposed by Lupton and Ivezić (2005)

B = g + 0.3130 ∗ (g − r) + 0.2271; σ = 0.0107 (3.17)

based on stars since there are no transformation equations explicitly for galaxies; these

equations must provide reasonable results for normal galaxies.3 A transformation based

3www.sdss3.org/dr8/algorithms/sdssUBVRITransform.php
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Table 3.3: Schechter parameters for six samples in B-band.

Sample α 0.0M∗ - 5 log h φ∗× 1000

/h3Mpc−3

UNAM-KIAS -1.11 ± 0.01 -18.94 ± 0.16 2.60 ± 0.70

AMIGA V>1500 kms−1 -0.82 ± 0.09 -19.43 ± 0.07 0.75 ± 0.06

AMIGA -1.27 ± 0.06 -19.63 ± 0.07 0.63 ± 0.07

Croton04 -1.06 ± 0.24 -18.84 ± 0.16 1.32 ± 0.56

ungrGAMA -1.28 ± 0.01 -19.61 ± 0.02 9.29 ± 2.45

voidsGAMA -0.75 ± 0.23 -19.08 ± 0.09 2.63 ± 0.87

on galaxies must vary according to the galaxy type. A normal galaxy will be different to

a starburst galaxy for instance. Spectral energy distribution is different for each galaxy

type, so a transformation must take into account other factor apart of luminosity and

colours, for example, metallicities, star formation rates or environment.

However, rather than estimating directly the B-band LF (since it may result in an

over or under estimated LF due to the transformation errors), we follow the approximate

correspondence between SDSS and Johnson suggested by Ilbert et al. (2005). They suggest

a very close relationship between the 0.1ugirz bands with the corresponding UBV IR bands

taking the average difference between absolute magnitudes; for their sample they find

∆(Mg −MB) = 0.05. For the UNAM-KIAS catalogue we find a difference of ∆(Mg −MB)

= 0.23; so, for comparisons of the LF in the rest of this work (comparing with a Johnson

system LF), we use

0.0M∗
B =0.1 M∗

g + 0.23 (3.18)

while α and φ∗ are the same from the g-band LF.

The AMIGA magnitude Bcorr has been estimated following the K-correction by Giovanelli et al.

(1981) based on the galaxy morphology. We have un − corrected the AMIGA M∗ to the

same corrections in the Croton et al. (2004) sample using the inverse relation given by

Verdes-Montenegro et al. (2005)

mB−corr = b2dFGRS − 0.054 (3.19)

and expressing the absolute magnitudes in 0.1M∗ - 5log h units.

To see the differences in shape, we plot in Fig. 3.7 the Schechter parametric LF for

the following samples: UNAM-KIAS, AMIGA, Croton et al. (2004), field GAMA galaxies,

and void GAMA galaxies in the B-band. Schechter values are presented in Table 3.3.
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UNAM-KIAS and AMIGA

This is the most important comparison for the UNAM-KIAS catalogue, since the AMIGA

sample is the predecessor of this catalogue, as we mentioned before. We consider the

results in Verdes-Montenegro et al. (2005) where they present the LF for a refinement

of the KIG catalogue (725 galaxies) and a subsample excluding galaxies with recession

velocity of V < 1500 km s−1. Fig. 3.7 shows the corresponding parametric LF (Table 3.3)

for the UNAM-KIAS (blue) and AMIGA (green and black) samples. From the UNAM-

KIAS selection criteria, most of the galaxies have recession velocities V≥1000 km s−1,

then we should expect it to be more similar to the AMIGA LF with V > 1500 km s−1

(green). Neither the LF shapes nor Schechter parameters are close for the two samples.

M∗ differences can be associated to the corrections applied to the AMIGA sample and

the robust transformation to the B − band. At the faint-end, α is completely different for

the two AMIGA samples and the UNAM-KIAS, being the last in the middle of the other

values. These differences can be the result of the selection criteria. On the other hand,

the UNAM-KIAS LF and Croton et al. (2004) are very similar in shape and the M∗ and

α parameters agree within 1 error bar, meaning a good agreement between the isolated

galaxies and the lowest density estimated by Croton et al. (2004).

UNAM-KIAS and GAMA

The LF for the UNAM-KIAS (blue) and the GAMA voids (cyan) catalogues are very

similar at the bright-end, where both M∗ overlap in 1 error bar, meaning the same type

of galaxy population mix among ellipticals and spiral galaxies as seen in Fig. 3.4. Note,

the voids bright-end tends to be slightly brighter than the UNAM-KIAS. Unfortunately,

the faint-end cannot be compared due to the selection cut presented in the void catalogue.

Then the difference between the apparent limit magnitude (r) in GAMA (19.8) and SDSS

(17.7) are not important.

When we look at the LF for ungrouped GAMA galaxies (red), the shape is very similar

to the UNAM-KIAS LF, except for the faint-end. The big difference in φ∗ between both

samples could be result of the type of galaxies contained in each sample. Meanwhile

the UNAM-KIAS sample contains only galaxies without interaction with other similar

companion or major mergers, the ungrouped GAMA sample likely contains also interacting

pairs that may affect the LF shape.
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Figure 3.7: Comparison of the LF with other galaxy samples in low density environments

in the B-band. 1. UNAM-KIAS catalogue is presented in blue. 2. AMIGA sample for

galaxies with recession velocity V>1500 kms−1 in green. 3. The global AMIGA LF in

black. 4. Voids sample LF from Croton et al. 2004 in magenta. 5. Ungrouped GAMA

galaxy LF in red. 6. GAMA voids sample presented in cyan.
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3.5 Stellar Mass Function

Fig. 3.8 presents the SMF for the UNAM-KIAS catalogue and the dependence with mor-

phology and colour in the top panels. As we expect, elliptical galaxies show a very low SMF

at low mass end, since these types of galaxies are predominately massive. Spiral galaxies

dominates completely the low mass end, and from the characteristic mass (∼11 log M

[M⊙]) both stellar MF are similar. This agrees with previous results (e.g. Panter et al.

2007; Baldry et al. 2008; Li and White 2009) where at low redshifts the characteristic

mass of the Schechter break has been determined to be 10.6≤ log M [M⊙] ≤11 for the

field galaxies. This break and shape are also in agreement with the results presented by

Wang and White (2012) for the more massive isolated galaxies and their respective satel-

lite galaxies. Looking at Fig. 3.8 and the SMF in Li and White (2009), both SMF overlap

at the high mass limits but not at low masses.

For the SMF and the colour, blue galaxies dominate over the red population at low

masses, and at high masses, red galaxies dominate clearly the SMF. Red and blue samples

are similar at ∼10.4 log M [M⊙]. In this case, the steepening mentioned by Baldry et al.

(2008) below 10 log M [M⊙], increases due to the domination of blue population at low

masses.

Since we are considering galaxies with masses 9 ≤ log M [M⊙], it is not possible to

observe the maximum peak proposed by different authors of the SMF (e.g. Guo et al.

2010; Moster et al. 2010, Baldry et al. 2012) that is inferred to be at 7 ≥ log M [M⊙] by

Mamon et al. (2011). This peak is to explain the SMF shape and mainly the increase at

low masses.

The bottom panel of Fig. 3.8 shows the SMF divided by passive (red) and active (blue)

galaxies (using the specific star formation rate; sSFR). Due to the fact blue galaxies are

related to the star formation process and the same for red/passive galaxies, there is an

agreement with the SMF divided by colour. Passive galaxies dominate at high masses

meanwhile there is a higher population of active galaxies at low masses.

We can combine the information from the SMF considering the morphology, colour and

sSFR. Fig. 3.9 shows the fraction for the SMF for spirals (continuous line), blue (dashed

line) and active (dashed-point line) galaxies to the total SMF

fj(M∗) = SMFj(M∗)/SMFTotal(M∗). (3.20)

From Fig. 3.9 we can see how galaxies with log M [M⊙] ∼11 stop forming stars, with

only a few of them being blue, maybe in the last star formation stage. Nevertheless,
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Figure 3.8: SMF by morphology, spirals (blue), ellipticals (red) and combined (black);

colour (blue and red) and combined (black); and the stellar-subhalo mass relation (sSMR)

separated by morphology.

galaxies with disc are still the ∼50%. In one hand, this can be the result of an overes-

timation of red galaxies, since an important fraction of edge-on dusty spirals are being

considered in the red sample as discussed in HT10, similar to the GAMA sample discussed

by Driver et al. (2012). On the other hand, this effect is presented only in the 10≤ log M

[M⊙]≤11.5 mass interval; after a quick look at the data, there is no correlation between

inclination and mass. Therefore, morphology can the be last transition of isolated galaxies

to become in a passive red galaxy. This does not agree completely with Bell et al. (2012),

they argue that a galaxy needs a bulge to stop its stellar formation. A more detailed

analysis can be carried out in the future to confirm or deny this hypothesis
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Figure 3.9: Fraction for the SMF for spirals (continuous line), blue (dashed line) and

active (dashed-point line) galaxies to the total SMF.

3.6 Gas calibration

Fig. 3.10 shows the gas-to-stellar mass ratio, Mgas/Ms, for isolated galaxies with available

information on gas content. The mean distribution of Mgas/Ms as a function of stellar

mass Ms is shown as red open circles. This fit is given by

log(Mgas/Ms) = −0.56 log(Ms) + 5.36 , (3.21)

where Ms is in units of M⊙ (h = 0.7), and is shown as a blue dot-dashed line.

The solid and dotted lines are the fits of Stewart et al. (2009) and Papastergis et al.

(2012) for compilations of observational data of disk galaxies, respectively. Typically,

our sample of isolated galaxies has higher gas fractions than normal disk galaxies. The

long-dashed line is the fit of Karachentsev and Kaisina (2013) for a sample of nearby

galaxies located in extremely low density regions, which is dominated by very late-type

morphologies. For a given stellar mass, the gas fraction of this fit is the lowest among

those plotted in the figure. However, note that all the fits are located within the error

bars of the mean distribution of isolated galaxies.

Note that the Mgas/Ms fraction of isolated galaxies under the Stewart et al. (2009) fit

are mostly found at high stellar masses. These galaxies could be identified as early type,

where the amount of gas is much smaller than galaxies with disks. Lacerna et al. (2014)

estimated the Mgas/Ms fraction for central galaxies in different environments, including

the UNAM-KIAS galaxies (only galaxies contained in the Yang et al. (2007) catalogue).

They estimated the Mgas/Ms fraction for active and passive galaxies, finding no depen-

dence between the Mgas/Ms fraction and the sSMR. A more detailed analysis of these

galaxies would be necessary to agree or deny these results.
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Figure 3.10: Gas-to-stellar mass ratio, Mgas/Ms, for the isolated galaxies as a function of

Ms (dotted points), where Mgas is calculated using a correction for helium and metals.

The mean distribution is shown as red open circles (connected by a red short-dashed line).

Error bars correspond to the standard deviation. The fit to this data set is shown as a blue

dot-dashed line (see the text for details). As a comparison, the solid line corresponds to

the equation (1) of Stewart et al. (2009). In addition, the dotted and long-dashed lines are

the fit of Papastergis et al. (2012) and Karachentsev and Kaisina (2013) for observational

estimates using H I mass, respectively.
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3.7 Discussion and Conclusion

The UNAM-KIAS sample is a magnitude limited sample with a completeness up to ∼ 80

% spectroscopy complete sample. These characteristics allow us to have a more reliable

isolation of galaxies in space, more than just projected separations. Another advantage

of the UNAM-KIAS catalogue is the well defined morphology; image quality gives the

necessary tools to extract lots of information about the structural galaxy components to

distinguish between one or another morphological type.

The main goal of this work is the characterization of the UNAM-KIAS sample through

the statistical studies: LF, SMF and the gas-to-stellar mass ratio. However, we focused

more on establishing the best Schechter values to fit the LF and the characteristic LF

signs for galaxies in low dense environments.

There is no surprise that the fact that M∗ is brighter from blue to red bands for

isolated galaxies, since this is a natural consequence in observations. However, we find an

interesting feature in the LF shape, an unclear dip presented at middle magnitudes; this

feature has been also observed by Miles et al. (2004) for galaxies in groups. A possible

explanation is the lack of galaxies at these magnitudes due to recent merger activity

suffered by isolated galaxies (Park et al., 2008) with characteristic magnitudes; this also

could explain from another point of view the large amount of galaxies with clear signs of

distortion in the sample. Typically, author like Reda et al. (2004) and Smith et al. (2004),

find that luminous isolated galaxies show an excess of dwarf companions ∼5 magnitudes

fainter, causing signs of distortions in the host galaxy. Most recently by Moorman et al.

(2015) found the same feature using data from ALFALFA and SDSS; however, they do

not give a explanation for it.

The LF is ∼1 mag fainter than the global SDSS LF; so, no that bright isolated galax-

ies can be found and massive isolated galaxies may be difficult to identify. When the

LF is separated by elliptical and spiral galaxies, it is clear that the spiral galaxy pop-

ulation dominates over the elliptical galaxies for all bands; nevertheless, at the bright

end of the LF, both populations have similar M∗, contrarily to Sulentic et al. (2006) that

finds spiral galaxies are brighter than ellipticals. Other differences found, with respect to

Sulentic et al. (2006) work, are when we divided the sample in 4 morphology bins where

no evidence of dependence with the characteristic magnitude is seen, only the very late

type galaxies are fainter more than 1 mag. The LFs are completely different to those

presented by Sulentic et al. (2006) presumably by the correction they apply to the magni-

tudes. However, we agree with them when looking at elliptical galaxies as fossil ellipticals,
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since these galaxies would have to be brighter than the population from which a possible

merger can be produced (resulting in an elliptical galaxy) and also for the modest lumi-

nosities of the elliptical population. the other possibility of these differences can be the

result of the selection criteria, since AMIGA is based only on a 2D selection criteria.

Using the GAMA survey, the LF was estimated in two low density environments, voids

and ungrouped galaxies. This survey is the second best survey to compare our results be-

cause of the spectroscopic completeness and the size of the sample. Unfortunately, the

voids sample was selected as a volume-limited sample, throwing away the faintest galaxies

and consequently information about the faint-end, but with important contribution at the

bright end. This sample agrees with the LF shape at the bright end with the UNAM-KIAS

catalogue, meaning a brightness cut of galaxies in very and not very low density environ-

ments. When the comparison is made with the Croton et al. (2004) sample, differences at

the bright end are bout 0.5 mag; this may be an effect caused by the band transforma-

tion and any other corrections assumed. The ungrouped GAMA galaxies sample contains

around 120 000 galaxies, being 2 orders of magnitude larger; when comparing with the

rest of the samples, the LF shape is very similar to that of the UNAM-KIAS, but with a

higher density and a faint slope steeper.

Comparing mainly the UNAM-KIAS, AMIGA and ungrouped GAMA samples, we

can see clearly that the LF varies according to the size of the sample and when larger the

sample, more reliable the results are, as mentioned by McNaught-Roberts et al. (2014). In

terms of density, this work is providing more reliable information of isolated galaxies, since

it agrees with many of the studies carried out in low densities. The Schechter parameters

estimated can be considered as the parameters to be reproduced by the models or other

comparison with density.

The stellar MF presents similar results, where spiral galaxies dominate at low mass but

at massive values, elliptical and spiral galaxies have the same characteristic mass; this is

unclear when we look at the results divided by colour, where red galaxies dominate com-

pletely the massive range, meaning a red population of disky galaxies. The characteristic

mass for the UNAM-KIAS catalogue is ∼ 11≤ log M [M⊙] in agreement with the values

determined for galaxies in the field to be 10.6≤ log M [M⊙] ≤11. Red and blue samples

are similar at ∼10.4 log M [M⊙]. In this case, the steepening mentioned by Baldry et al.

(2008) below 10 log M [M⊙], increases due to the domination of blue population at low

masses. Passive galaxies dominate at high masses meanwhile active galaxies at low masses.

Combining all this information, we found that galaxies with log M [M⊙] ∼11 stop
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forming stars, with only a few of them being blue, maybe in the last star formation stage.

In addition, galaxies with disc are still the ∼50%. This break the idea that galaxies need

a bulge to turn off completely. This suggest that morphology can the be last transition of

isolated galaxies to become in a passive red galaxy.

Finally the gas-to-stellar mass ratio (Mgas/Ms) is presented for isolated galaxies an

the characteristic tendency is presented. this agrees with other works based on disky

type galaxies. This study, however, needs a deeper analysis and try to estimated the

baryonic mass LF. And also, the possible estimation of the halo mass based on this ratios

as described by Rodŕıguez-Puebla et al. (2011).
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Chapter 4

PaperIII

Galaxy And Mass Assembly:

The multiwavelength LF of galaxies in groups

Vázquez-Mata J. A., Loveday J. et al.

Using the Galaxy and Mass Assembly (GAMA) survey, we explore the multiwavelength

luminosity function (LF) of galaxies in groups. Considering the GAMA Galaxy Group

Catalogue (G3Cv6), the galaxy luminosity function for these galaxies was estimated and

we compare the dependence of the LF shape in 11 wavelengths, from the ultra violet to

the near infrared, and also with the richness and mass of the groups.

We find a clear correlation of the LF bright-end with wavelength, in agreement with

previous works, where bright galaxies in groups dominate at red bands whereas in blue

and ultra violet bands, the bright galaxy population is found in low density environments

but not in groups. This is because most of galaxies in groups are red ellipticals with low

star formation activity, mainly in the central parts of rich groups.

When samples are separated in richness and mass bins, we find correlation between the

Schechter parameters and wavelengths; however, no clear differences in these correlations

are observed when we go to the highest richness and mass bins.

This is the first work presenting the galaxy group LF in 11 bands in a complete

spectroscopic sample.
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4.1 Introduction

The luminosity function (LF) started to be studied many years ago by different authors

(e.g. Pannekoek 1923, Hubble 1936). This is a fundamental observable to give a description

about the galaxy population in different environments and epochs, containing essential

information about the physical processes carried out during the origin and evolution of

galaxies in the universe. The LF is a fundamental constraint of galaxy formation and

evolution models (e.g. Benson et al. 2003).

The LF has been studied for galaxies in different environments, from the very low

density (voids) to the densest environments like clusters of galaxies (e.g. Park et al. 2007,

Choi et al. 2007, McNaught-Roberts et al. 2014). Galaxy groups are an important clue in

the study of the paradigm of hierarchical structure formation since this paradigm considers

the accretion and merger of galaxy groups to form clusters (e.g. White and Rees 1978,

White and Frenk 1991); following this fact and the observations, this suggests that most of

the galaxies are contained in groups. There are many studies of the galaxy LF in groups,

the most recent Zandivarez et al. (2006), Yang et al. (2009), Robotham et al. (2010) and

Paper I.

The Group Evolution Multiwavelength Study project (GEMS; Osmond and Ponman

2004) was developed with a view to clarifying the different stages of group evolution and the

ways in which this is related to galaxy properties, using optical photometry, radio and X-

ray observations. This project started to do a detailed comparison of the multiwavelength

properties of groups with evolution models and cosmological simulations, to understand

how galaxies evolve in these environments. Unfortunately, the GEMS project only has

60 groups, not enough to make a well defined comparison with the models and simula-

tions. In this context, the Galaxy and Mass Assembly project (GAMA; Driver et al. 2009,

Driver et al. 2011) and the GAMA Galaxy Group Catalogue (G3Cv6; Robotham et al.

2011) present the opportunity to complete the studies made by the GEMS project with

better accuracy, since the G3Cv6 catalogue contains about 23838 groups with multiplicity

≥2.

Multiwavelength luminosity functions might reveal the interplay between star forma-

tion, chemical evolution, and absorption and re-emission of dust within evolving galaxy

populations. There are studies showing the importance of the role of the dust in galaxy

evolution and the influence on the luminosities and colour of galaxies (Tuffs et al. 2004,

Driver et al. 2007, Rocha et al. 2008, Tempel et al. 2010). Other studies have been focused

specifically in the near and far infrared (FIR, NIR) LF (Miles et al. 2006, Guo prep), and
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the ultra violet (UV) LF (Schenker et al. 2013, Jurek et al. 2013) in groups.

The motivation of this paper is to establish for the first time a homogeneous esti-

mation of the LF in 11 bands FUV,NUV, u, g, r, i, z, Y, J,H and K, and establish the

characteristic Schechter parameters for these bands. Following the ideas from Paper II,

establishing the dependence of the multiwavelength LF with the group mass and richness.

This is a first attempt for this studies following the recent Panchromatic data presented

by Driver et al. (2015). As the authors mention in private a communication, these data

will be improved in a future, then the LF could be estimated in the far infrared, in the

WISE (Wright et al., 2010) and Herschel bands (Eales et al., 2010).

In this paper, we describe generally the GAMA Galaxy Group Catalogue (G3Cv6) in

section 2 and the samples used in this work . Section 3 describes the correction applied

to the sample. Section 4 shows the results for the LF, Sections 5 and 6 the LF and the

dependence with the wavelength and the group properties. And finally, section 7 presents

the conclusions.

For this paper we assume the standard cosmology parameters of ΩM=0.3, ΩΛ=0.7

with a Hubble constant of H0=100h km s−1 Mpc−1.

4.2 DATA

The Galaxy and Mass Assembly project (GAMA) is a multi-wavelength galaxy survey,

with high spectral completeness, representing a good opportunity to study statistical

properties of galaxies from different perspectives. GAMA is a survey based on an in-

put catalogue described by Baldry et al. (2010), considering the Sloan Digital Sky Survey

(SDSS; York et al. 2000, Abazajian et al. 2009) Data Release 6 (DR6; for the first phase)

and DR7 for the second phase. The second phase (GAMA-II) consists of three equatorial

regions, centred at 09h, 12h and 14h30m, called G09, G12 and G15 respectively, each of

12 × 5 degrees with a Petrosian magnitude limit of r < 19.8 mag for all the fields, and

two non-equatorial regions G02 and G23.

Robotham et al. (2011) compiled the G3Cv1 group catalogue based on the GAMA I

survey applying a friend-of-friends (FoF) grouping algorithm. Once GAMA II was ready to

be studied, the group catalogue was updated to the new data following the same algorithm

(G3Cv6). The G3Cv6 catalogue contains a total of 23838 groups with multiplicity ≥2

containing 73268 galaxies, meaning a fraction of ∼40% of the total GAMA galaxies to be

grouped.

In order to estimate the galaxy multiwavelength LF in groups, we have considered the
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GAMA Panchromatic Photometry presented in Driver et al. (2015). These authors take

the panchromatic imaging in the G09, G12 and G15 fields, acquired by other teams in the

UV to far-IR range in 21 broad-band filters.

The Galaxy Exploration Explorer (GALEX) Medium Imaging Survey (Martin et al.,

2005) has been matched with GAMA regions to obtain the ultraviolet information in

the NUV and FUV bands (www.mpi-hd.mpg.de/galex-gama). GALEX-GAMA match

covers between 75% and 97% of the three equatorial regions (Driver et al., 2015). The

SDSS is used to get the optical bands ugriz images. For the near-infrared (NIR), GAMA

area is covered by the VIsta Kilodegree INfrared Galaxy survey (VIKING; a description is

presented by Edge et al. 2013) in the Y JHK bands. For the far-infrared (FIR), the Wide-

field Infrared Survey Explorer (WISE; Wright et al. 2010) and the Herschel Astrophysical

Terahertz Large Area Survey (Herschel-ATLAS, Eales et al. 2010).

The idea behind the Panchromatic Photometry is to make homogeneous all the pho-

tometry from the different wavelengths; defining an aperture in a single band, and apply

the same aperture at the same astrometric location with images with identical spatial sam-

pling (Driver et al., 2015), and this is used to derive u−K aperture-matched photometry.

Nevertheless, this idea cannot be applied to other wavelengths outside this range due to

the resolution mismatch. For the FUV and NUV bands, the GAMA GALEX catalogues

described by Liske et al. (2015) is used.

4.3 Completeness and K-correction

4.3.1 Completeness

The GAMA survey is spectroscopically highly complete in the three equatorial regions

(Driver et al., 2011); however, Loveday et al. (2012) and the Paper I have corrected the

GAMA sample for completeness in: the input catalogue (Cim), selection target (Ctarg)

and the success rate for obtaining spectroscopic redshifts (Cspec) with good quality. In

this work, these corrections are applied and weighted by the reciprocal of the product of

these three completenesses

Wi = 1/(CimCtargCspec).(4.1)
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Table 4.1: Faint magnitude limits for the FNugizY JHK bands in order to have a com-

plete sample in each wavelength

Band apparent magnitude limit

F 21.14

N 20.53

u 20.49

g 19.98

r 19.80

i 18.64

z 18.31

Y 18.09

J 17.87

H 17.48

K 17.34

4.3.2 Luminosity limits

The GAMA survey is a magnitude limited sample selected in the r-band, and complete

at r =19.8. Nevertheless, other magnitudes are not limited by any other value but the

intrinsic value corresponding to the r-band. To obtain a complete sample in the other

bands, we follow the method described in Paper II; we consider the colour distributions

of galaxies between the corresponding magnitude and the r magnitude. All magnitudes

are taken from the Panchromatic catalogues described in Driver et al. (2015). These

distributions are presented in Fig. 4.1 for the j − r colours where in UV j = FN , in

optical j = ugiz and infrared j = Y JHK where dashed-lines represent the 1 and 99

percentile in each colour. Magnitude limits in band are given by adding the leftmost value

of these colours to the sample limited value of r=19.8. Since the leftmost colour represent

the 1%, so the sample will be 99% complete in each band by adding this value. Magnitude

limits are presented in Table 4.1 and these limits are used to calculate and fit the LF.

4.3.3 K-correction

In spite of GAMA being a local galaxy survey, the median redshift is ∼0.2 and we have

to apply a correction to the intrinsic luminosity according to the rest frame of the galaxy.

We apply this correction to the whole sample, called K-correction (Humason et al., 1956)

using the kcorrect v4 2 code (Blanton et al. 2003, Blanton and Roweis 2007). In this
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Figure 4.1: Colour histograms in 0.1 mag bins for the G3Cv6 galaxies. The vertical dashed

lines indicate the 1- and 99-percentiles; the leftmost of which defines colour completeness

in the FNugizY JHK bands.
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work, the GAMA sample has been corrected in a passband blue-shifted by z0 = 0.1, since

NUV and FUV bands show large evolution for low redshift as Driver et al. (2012) describe

in section 4.1.4.

4.4 Luminosity Function

Estimation of the LF was carried out using the well known non-parametric methods: the

1/Vmax (Schmidt, 1968) and the stepwise maximum likelihood (SWML, Efstathiou et al.

1988); a parametric method developed by Sandage et al. (1979) (STY) based on the max-

imum likelihood is also considered to estimate the LF. The 1/Vmax method has the dis-

advantage that it is sensitive to galaxy density variations, so we prefer to work with the

SWML method where we have considered ∆M = 0.25 bins. The parametric STY method

avoids the effects of density at large scales and we use the standard Schechter function

(Schechter, 1976),

φ(M) = 0.4 ln 10φ∗(100.4(M∗−M))1+α exp(−100.4(M∗−M)), (4.2)

where M is the absolute magnitude, φ∗ is the density normalization, M∗ is the characteristic

luminosity at which the LF shows the turnover or ”knee” and α is the slope at the faint-

end (see Paper I for more details). In this broad analysis, the LFs have been calculated

for a local sample, with redshift z ≤ 0.1.

Fig. 4.2 shows the LF for the 11 bands FNugrizY JHK up to z =0.1; open symbols

show the 1/Vmax method as comparison to the SWML presented in filled symbols. Solid

line shows our parametric fit using the Schechter function and dotted-lines shows the

results presented in Driver et al. (2012) for the complete GAMA I survey. Note that

Driver et al. (2012) estimated the LF using other magnitude limits based on the data

available for GAMA I and they did not do any correction for incompleteness.

Our results agree very well with those presented by Driver et al. (2012) where M∗

becomes brighter as the band gets redder, as well as the results presented in Hill et al.

(2010) for the ugrizY JHK bands (dashed-lines) who combine data from the Millennium

Galaxy Catalogue (Liske et al., 2003), SDSS and the UKIRT Infrared Deep Sky Survey

Large Area Survey (Lawrence et al. 2007; Warren et al. 2007). Note, at the NIR bands,

Hill et al. (2010) show LFs brighter than Driver et al. (2012) and this work. Driver et al.

(2012) do not report this difference, this could be the result of any extra correction applied

for the magnitudes. There is an important difference between the group LF and the global

GAMA LF, this effect is observed at the bright end. In the UV bright end, the global LF
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dominates over the group LF, meaning a large galaxy population of ungrouped galaxies in

this region; this characteristic is observed only in the FNugr bands. This means galaxies

in groups do not present high star formation activity like galaxies in the field. From the

i-band to the K-band, this difference at the bright end is negligible, showing that galaxies

in groups are brighter in red and infrared bands meaning a decrease of star formation

process and dominated with galaxies reddened by dust and gas, characteristic of elliptical

type galaxies.

Snaith et al. (2011) estimated the LF for galaxies in groups in semi analytical models

(SAM), they find a clear difference between the group LF and the global galaxy LF at

the faint-end using the r-band; in this work we find this differences are presented for all

bands. Surprisingly, the gap between the LF is larger in the UV bands, probably because

faint blue galaxies are rarely present in groups but dominate the low dense environments.

4.5 Wavelength dependence with multiplicity

One of the most important properties of the groups is their multiplicity or richness (Nfof),

from pairs of galaxies to large groups with ∼50 members. The LF is estimated for groups

up to z =0.1 using a magnitude-limited sample, not a volume-limited sample. Paper I

shows for local groups (z ≤0.1) volume- and magnitude- limited samples are equivalent

and working with a magnitude-limited sample gives the advantage of having a larger

population of groups and consequently fainter galaxies.

Appendix A shows the SWML LF and parametric LF, as well as a the log likelihood

ratio test between the non- and parametric LF.

Left hand side of Fig. 4.3 shows the parametric LF for three richness bins: Nfof = 2, 3

≤ Nfof ≤ 4 and Nfof ≥ 5 from the top to the bottom respectively. FNugrizYJHK bands

LFs are plotted in magenta, cyan, blue, green, black, yellow, red, magenta, cyan, blue

and green respectively. UV bands can be seen at the faintest magnitudes, a consequence

of low emission due to low star formation processes; meanwhile, NIR bands are brighter

for most of the galaxies, so it is not likely star formation processes are carried out (apart

of some star burst that may be presented in the sample). Star forming or blue galaxies

are present predominantly in the outskirts of the groups or in the field; so, only a small

portion of galaxies in groups are blue dominant and are found mainly in groups with low

richness as Fig. 4.3 suggests.

To clarify any tendency of the Schechter parameters α and M∗ in these richness bins

with respect to the wavelengths, we plot them together in the right hand side of Fig. 4.3.
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Figure 4.2: The group LF in the 11 wavelengths from the top-left panel in the FUV band

to the NIR K band in the bottom-middle panel. Open symbols represent the 1/Vmax

method, filled symbols the SWML method and the solid line the parametric Schechter

function. As comparison, dotted-lines shows the LF for the total GAMA sample esti-

mated by Driver et al. (2012), and dashed-lines the multiwavelength LF (u-K) presented

by Hill et al. (2010).
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Low richness

Middle richness

High richness 

Nfof = 2

Nfof = 3,4

Nfof > 5

Figure 4.3: Left hand side, the group LF divided by richness, from the top (low richness

bin) to the bottom (high richness bin) in the FNugrizYJHK bands in magenta, cyan, blue,

green, black, yellow, red, magenta, cyan, blue and green respectively being UV bands the

faintest and NIR bands the brightest. Right hand side, the Schechter parameters α and

M∗ in three richness bins against wavelengths. Low, middle and high richness bin are

presented from the top to the bottom panel respectively in red circles and green squares

show a comparison to the complete GAMA sample
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Low, middle and high richness bin, are presented from the top to the bottom panel re-

spectively in red circles with the respective error bars. Green squares are plotted as a

comparison to the complete GAMA sample (Driver et al., 2012). Note that this data was

k-corrected to redshift zero, making a small bias when comparing in this plots, affecting

more the FNug bands as these authors described.

For all of the cases, α becomes flatter as we approach the NIR bands, except for the

ug bands in the middle and high richness; however, large error bars are also evident. This

suggests a low UV emission from these galaxies as we expect in agreement with the M∗

parameter, where there is a higher emission in the NIR bands than UV. Within the error

bars, there is no strong difference between α or M∗ with respect to the richness for the UV

and NIR bands as there is for example in the r-band as reported in Paper I. However, for

rizY bands, α becomes steeper at high richness, this could be the result of a magnitude

limit bias in these bands.

4.6 Wavelength dependence with mass

Another important property of the groups is their mass. G3C catalogue has been divided

in three mass bins: 8 < logM/M⊙ ≤ 12.06, 12.06 < logM/M⊙ ≤ 12.70 and 12.70 <

logM/M⊙ ≤ 16. Appendix A also shows the non- and the parametric LF for each of the

mass bins and the respective log-likelihood ratio test between them.

We plot, in the left hand side of Fig. 4.4, the paramtric LF for all the bands with colour

similar to Fig. 4.3 from the lowest, in the top, to the highest mass bin in the bottom. From

this figure it is very hard to distinguish a proper Schechter LF shape at the high mass

bin for the NF bands. This support the idea that stellar formation activity is truncated

in dense regions (massive groups) mainly by dynamical frictions and forces acting on

galaxies stripping the gas. Then, galaxies must be observed at fainter NF magnitudes to

have enough information and establish the corresponding Schechter parameter α.

Right hand side of Fig. 4.4 shows the Schechter parameters α and M∗ in three mass

bins with respect to the wavelengths. M∗ is very similar in all cases and also with respect

to the complete GAMA LF (green squares); nevertheless, it is possible to distinguish the

group M∗ is brighter than the global M∗ at the high mass bin. This must be consequence

of the bias produced by the estimation of the parametric LF. This issue could be solved

by applying the joint stepwise maximum likelihood presented by Loveday et al. (2015).

From g-band, group M∗ becomes fainter, independently of the mass range. Surprisingly

at high masses, group and global M∗ for the NIR bands are basically the same; this means
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Low mass bin

Middle mass bin

High mass bin

Figure 4.4: Left hand side, the group LF divided by three mass bins in the FNugrizYJHK

bands in magenta, cyan, blue, green, black, yellow, red, magenta, cyan, blue and green

respectively being the UV bands the faintest and NIR bands the brightest. Similar to

Fig. ??, the right hand side shows the Schechter parameters α and M∗.
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massive galaxies in groups with high emission in IR, dominate the bright end of the global

LF for these bands. α is also changing from the g-band where the group α is getting flatter

as we move to IR bands independently of the mass bin.

4.7 Conclusions

In this work we present the first attempt to estimate the multiwavelength LF (FNugrizY JHK)

for the G3Cv6 catalogue based on the complete GAMA II survey covering 11 bands up

to the r-Petrosian band r=19.8. Results are in agreement with previous works based on

multiwavelength studies, mainly the changes in the bright and faint ends between the

group LF and the global galaxy LF.

When galaxies in groups are separated by richness and mass bins, we prove as expected

that galaxies in groups are dominated by the NIR emission. Early type galaxies dominate

the group population, as Paper I presents; this type of galaxies are preferably red and

massive with low or almost null star formation processes. This fact agrees with the low UV

luminosity presents in these galaxies specially in the high mass bin, where the population

is dominate by the central galaxies in groups and these galaxies tend to be large ellipticals.

There are clear evidence about a correlation between the Schechter parameters respect to

the richness or mass for all the wavelengths. A detailed study of these correlations between

the Schechter parameters and the group properties by band is suggested in a further work.

When galaxies are separated in mass group bins, the FN bands LF is badly estimated, i.e.

likely due to the number of galaxies considering in the sample with the mass constrains,

no FN faint galaxies are considered and this was observed in the high mass bin. This

suggest a more careful study in these bands and the relation with the mass group bins.

This is the first work estimating the group LF in 11 bands and a deep study is necessary

to take advantage of the whole information accessible from the GAMA survey, to identify

the different stages of evolution of galaxies in groups.
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4.8 Appendix

4.8.1 SWML and STY LF

Figures 4.5, 4.6 and 4.7, similar to Fig. 4.2, show the LF estimated in the low, middle

and high richness bins respectively from UV to NIR. Filled circles represent the non-

parametric SWML LF and solid lines the corresponding parametric LF. For most of the

bands the fit is really close to data; however, at the faint end, data are very noisy and

the parametric fit does not adjust very well. Looking at the F band, fits are not close

to data perhaps for the large error bars at the bright and faint ends. From these plots,

we conclude that taking the parametric LFs is enough to make comparisons between LFs.

The corresponding Schechter parameters are presented in Table 4.3.

To test the LF fit, we apply the log-likelihood ratio test to the results. Table 4.2 shows

the log likelihood ratio, the degrees of freedom and the empirical probability. From this

table we can confirm the good fitting for most of the wavelengths; however, according

to the probabilities found, gr bands are the worst, mainly in the low bin. Nevertheless,
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Figure 4.5: The LF estimated for groups with Nfof=2 in the 11 wavelengths

from the top-left panel in the FUV band to the NIR K band in the bottom-

middle panel. Filled circles present the SWML LF and the solid line the

parametric LF (Schechter function).
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Figure 4.6: The LF estimated for groups with Nfof=3,4 in the 11 wave-

lengths from the top-left panel in the FUV band to the NIR K band in the

bottom-middle panel. Filled circles present the SWML LF and the solid

line the parametric LF (Schechter function).
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Figure 4.7: The LF estimated for groups with Nfof≥5 in the 11 wavelengths

from the top-left panel in the FUV band to the NIR K band in the bottom-

middle panel. Filled circles present the SWML LF and the solid line the

parametric LF (Schechter function).
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combining the results from the plots and the table, we can use the parametric LF to make

tests using the group properties and wavelengths.

We have also estimated the LF for all the 11 wavelengths in these three mass bins.

Figures 4.8, 4.9 and 4.10 show the non-parametric LF as red circles (SWML) and the

parametric LF as a solid line for the mass bins. Most of the LFs are well fitted by the

Schechter function; nevertheless, FUV band does not show a good fit by the Schechter

function, but a different shape is observed. Contrarily to the good fit in all richness

bins, the high mass bin shows a poor fit to the non-parametric LF. A systematic error

with the normalization can be the reason of this bad fit; so, no accurate conclusions can

be obtained from this high mass bin. However, another method, like the joint stepwise

maximum likelihood (SWML) presented by Loveday et al. (2015), could be applied in a

future work. In the meantime, the corresponding Schechter parameters are presented in

Table 4.5.

Similar to Table 4.2, Table 4.4 show the corresponding log-likelihood ratio test for the

LF in mass bins. No important discrepancies can seen between the non- and parametric

LF, except for the ur bands in the lowest bin. Both results, the plots and this table are

enough to carry on with the comparative study of the LF considering mass bins.
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Table 4.3: Schechter parameters for the parametric LFs in richness bins

band alpha M∗ φ∗

lorich

F -1.28 ± 0.12 -17.12 ± 0.16 2.44E-03 ± 5.50E-04

N -1.15 ± 0.08 -17.43 ± 0.10 3.49E-03 ± 5.76E-04

u -1.11 ± 0.10 -18.06 ± 0.14 4.78E-03 ± 1.75E-03

g -0.97 ± 0.03 -19.46 ± 0.05 3.41E-03 ± 2.99E-04

r -1.15 ± 0.01 -20.64 ± 0.03 2.08E-03 ± 1.76E-04

i -0.90 ± 0.04 -20.69 ± 0.04 3.55E-03 ± 4.13E-04

z -0.83 ± 0.05 -20.91 ± 0.06 3.79E-03 ± 4.50E-04

Y -0.94 ± 0.10 -21.35 ± 0.13 2.34E-03 ± 4.91E-04

J -0.90 ± 0.08 -21.50 ± 0.09 2.47E-03 ± 3.59E-04

H -0.89 ± 0.07 -21.73 ± 0.07 2.51E-03 ± 3.51E-04

K -0.74 ± 0.07 -21.61 ± 0.07 3.25E-03 ± 4.32E-04

mirich

F -1.39 ± 0.16 -17.58 ± 0.27 6.15E-04 ± 3.26E-04

N -1.31 ± 0.08 -17.88 ± 0.16 8.38E-04 ± 2.75E-04

u -1.01 ± 0.08 -18.09 ± 0.12 4.47E-03 ± 1.21E-03

g -0.93 ± 0.07 -19.56 ± 0.17 3.07E-03 ± 6.92E-04

r -1.07 ± 0.04 -20.79 ± 0.08 1.93E-03 ± 3.04E-04

i -0.90 ± 0.03 -20.96 ± 0.06 2.47E-03 ± 3.38E-04

z -0.82 ± 0.03 -21.16 ± 0.06 3.23E-03 ± 4.90E-04

Y -0.73 ± 0.04 -21.47 ± 0.07 2.25E-03 ± 3.65E-04

J -0.64 ± 0.11 -21.60 ± 0.12 2.50E-03 ± 5.97E-04

H -0.56 ± 0.13 -21.75 ± 0.13 3.19E-03 ± 7.38E-04

K -0.67 ± 0.05 -21.83 ± 0.04 2.93E-03 ± 3.74E-04

hirich

F -1.34 ± 0.11 -17.33 ± 0.20 6.99E-04 ± 2.57E-04

N -1.35 ± 0.08 -17.69 ± 0.12 9.34E-04 ± 2.27E-04

u -0.92 ± 0.06 -18.00 ± 0.06 5.50E-03 ± 1.63E-03

g -1.10 ± 0.03 -20.06 ± 0.06 2.77E-03 ± 6.70E-04

r -1.16 ± 0.02 -21.14 ± 0.04 1.85E-03 ± 3.86E-04

i -1.09 ± 0.02 -21.45 ± 0.03 2.18E-03 ± 3.86E-04

z -1.07 ± 0.02 -21.75 ± 0.03 2.25E-03 ± 3.65E-04

Y -1.00 ± 0.02 -22.00 ± 0.00 2.28E-03 ± 3.49E-04

J -0.90 ± 0.01 -22.00 ± 0.00 3.05E-03 ± 4.80E-04

H -0.72 ± 0.02 -22.00 ± 0.00 4.66E-03 ± 7.15E-04

K -0.72 ± 0.02 -22.00 ± 0.00 4.63E-03 ± 6.50E-04
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Figure 4.8: The LF estimated for groups in the bin 8 < logM/M⊙ ≤ 12.06

in the 11 wavelengths from the top-left panel in the FUV band to the NIR

K band in the bottom-middle panel. Filled circles present the SWML LF

and the solid line the parametric LF (Schechter function).
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Figure 4.9: The LF estimated for groups in the bin 12.06 < logM/M⊙ ≤

12.70 in the 11 wavelengths from the top-left panel in the FUV band to the

NIR K band in the bottom-middle panel. Filled circles present the SWML

LF and the solid line the parametric LF (Schechter function).
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Figure 4.10: The LF estimated for groups in the bin 12.70 < logM/M⊙ ≤

16 in the 11 wavelengths from the top-left panel in the FUV band to the

NIR K band in the bottom-middle panel. Filled circles present the SWML

LF and the solid line the parametric LF (Schechter function).
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Table 4.5: Schechter parameters for the parametric LFs for mass bins

band alpha M∗ φ∗

lomass

F -1.26 ± 0.20 -17.42 ± 0.34 0.59E-03 ± 3.20E-04

N -1.39 ± 0.29 -18.26 ± 0.53 0.36E-03 ± 3.67E-04

u -1.22 ± 0.08 -18.28 ± 0.08 1.25E-03 ± 2.18E-04

g -1.21 ± 0.07 -19.58 ± 0.11 1.01E-03 ± 1.85E-04

r -1.25 ± 0.05 -20.47 ± 0.09 1.32E-03 ± 1.76E-04

i -1.25 ± 0.06 -20.86 ± 0.09 1.21E-03 ± 2.24E-04

z -1.07 ± 0.04 -20.88 ± 0.06 1.63E-03 ± 2.37E-04

Y -1.10 ± 0.04 -21.28 ± 0.06 1.50E-03 ± 2.19E-04

J -1.06 ± 0.04 -21.46 ± 0.06 1.38E-03 ± 2.14E-04

H -0.99 ± 0.06 -21.58 ± 0.08 1.87E-03 ± 4.44E-04

K -0.93 ± 0.05 -21.53 ± 0.06 2.16E-03 ± 2.87E-04

mimass

F -1.33 ± 0.30 -17.45 ± 0.25 6.37E-04 ± 3.23E-04

N -1.84 ± 0.40 -18.57 ± 0.49 2.41E-04 ± 2.91E-04

u -0.03 ± 0.11 -18.47 ± 0.15 1.47E-03 ± 4.26E-04

g -0.91 ± 0.07 -19.73 ± 0.11 1.66E-03 ± 3.09E-04

r -0.95 ± 0.02 -20.60 ± 0.03 2.67E-03 ± 2.61E-04

i -0.82 ± 0.06 -20.86 ± 0.08 2.54E-03 ± 3.50E-04

z -0.62 ± 0.05 -20.95 ± 0.04 3.34E-03 ± 2.28E-04

Y -0.67 ± 0.03 -21.35 ± 0.05 2.88E-03 ± 2.67E-04

J -0.63 ± 0.02 -21.49 ± 0.03 2.85E-03 ± 2.38E-04

H -0.56 ± 0.07 -21.66 ± 0.07 3.47E-03 ± 3.72E-04

K -0.43 ± 0.06 -21.53 ± 0.05 4.57E-03 ± 3.48E-04

himass

F -2.24 ± 0.08 -19.78 ± 0.64 1.13E-05 ± 1.53E-05

N -2.34 ± 0.12 -20.78 ± 0.99 5.00E-06 ± 1.37E-05

u -1.43 ± 0.09 -19.05 ± 0.16 9.61E-04 ± 3.48E-04

g -1.14 ± 0.03 -20.30 ± 0.04 1.28E-03 ± 1.94E-04

r -0.98 ± 0.08 -21.05 ± 0.10 3.30E-03 ± 7.88E-04

i -1.09 ± 0.02 -21.53 ± 0.07 2.53E-03 ± 2.52E-04

z -1.01 ± 0.05 -21.83 ± 0.08 2.59E-03 ± 3.62E-04

Y -0.92 ± 0.01 -22.00 ± 0.00 3.22E-03 ± 2.30E-04

J -0.81 ± 0.02 -22.00 ± 0.00 3.91E-03 ± 3.21E-04

H -0.66 ± 0.02 -22.00 ± 0.00 5.99E-03 ± 5.08E-04

K -0.64 ± 0.02 -22.00 ± 0.00 6.24E-03 ± 5.35E-04
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Chapter 5

Conclusion

In this thesis I have made a deep analysis about the luminosity function for galaxies in

two different environments, groups and isolated; where I established the most accurate

values of the Schechter parameter fits associated mainly with different group properties.

These parameters will help to better constrain evolution models and thereby improving our

understanding of the intrinsic and external physical properties of galaxies. In the chapters

presented in this thesis, I cover as much as possible, the ideas presented in the introduction;

to test (or confirm) any relationship and difference between the LF and the galaxy samples,

based on two of the most homogeneous and spectroscopically complete samples available:

the GAMA (Driver et al., 2009) and UNAM-KIAS (Hernández-Toledo et al., 2010).

In Section 1.3.2 I described the previous studies on the LF dependence with environ-

ment, where I pointed out that one of the main problems is the sample completeness at

low luminosity or equivalently mass. Chapter 2 presents the galaxy LF for the GAMA

group catalogue (G3Cv6) in the r-band. For the first time the LF analysis was carried

out using a complete groups sample with group mass down to 1010 M⊙ (previous works

are made only down to 1012 M⊙; e.g. Yang et al. 2009).

I estimated the LF for galaxies in groups and ungrouped galaxies (those that were

excluded from the FoF grouping algorithm) and I found galaxies tend to be brighter in

groups. At the faint-end, ungrouped galaxies dominate over the grouped galaxies, one

explanation could be because these galaxies have not suffered any external perturbation

to merge and form brighter systems as can occur in dense regions. This result is in

agreement with previous works (e.g. Croton et al. 2005, McNaught-Roberts et al. 2014).

In order to find the LF dependence with group mass, the G3Cv6 was divided in three

mass bins. I found the LF slope at the faint end becomes shallower when the mass bin

increases, possibly because massive groups contain predominantly massive galaxies and



163

in consequence the most luminous too. I cannot talk about a correlation between α and

group mass, but do infer a negative tendency between M∗ with respect to mass, resulting

in the expected result, that highly luminous galaxies are located in massive groups, with

likely high velocity dispersion. With this result, I am extending this possible correlation

three orders of magnitude to lower mass than that found by Robotham et al. (2010), who

used groups with mass higher than 1013 M⊙.

As described in Section 1.3.1, separation by colour and morphology are important to

distinguish galaxies by their evolutionary stage, mainly related with the star formation

rate. In this sense, this catalogue was also separated by colour and morphology and the

corresponding LF is estimated, separated again in the same group mass bins. Red galaxies

dominate over the blue galaxies at the bright-end and vice versa at the faint-end, for all

mass bins. However, for red galaxies, the faint-end slope (α) becomes flatter as the mass

increases similar to the combined sample; also,the density of massive red galaxies is higher

than in the other bins. Due to the relationship between colour and morphology, the LFs

divided by morphology follow the same tendencies found for colour. These results are in

agreement with previous works (e.g. Blanton et al. 2001, Baldry et al. 2004) at masses

> 1013 M⊙. More specifically, Robotham et al. (2010) report α becomes steeper as a

function of group mass either for blue or red galaxies. In this work red galaxies confirm

this tendency to lower mass groups (> 108 M⊙) and disagree with the blue population.

This discrepancy is likely due to low luminosity limits. The amount of low mass and

faint galaxies is higher than in previous works. From this work, α becomes flatter as a

function of group mass for blue galaxies. This clearly means low mass groups contain more

fainter (and blue) galaxies than massive ones. These systems are still forming stars and

possibly they have not had time to produce galaxy mergers. As the group mass increases,

these faint galaxies are less likely because they have merged and the star formation rate

decreased moving the galaxies to the red sequence. On the other hand M∗ agree with

Robotham et al. (2010) for both populations when extended to lower group mass.

Following the questions presented in section 1.1, I tested the mock catalogues, based on

the Millennium Simulation (Springel et al., 2005), to reproduce the LF from observations.

The mock LF parameters (α and M∗) agree with observations within one error bar in the

high mass bin, meaning that the mock catalogues considered are partialy reliable at high

masses but with some unsolved issues for the low mass regime. Unfortunately, at present,

there is still no information from these mock catalogues to test the LF according to colour,

but this will be an important analysis once the new data come out, in order to check how
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well the models reproduce the star formation rate, mainly at low group mass limits.

Following a similar analysis made by Robotham et al. (2010) on the LF dependence

with the group multiplicity, I compared the LF with the group richness to identify any

possible correlation. First of all, there is no clear sign that group mass correlates with

richness; though as expected, effects due to large scale structure can be seen on the lack

of rich groups at low mass. However, we can identify massive groups with only 2 or 3

members. Looking at the cumulative magnitude distribution, magnitude distributions

for the middle and high richness groups are statistically very similar, meanwhile the low

richness distribution is clearly different. This result is reflected in the shape of the LF

for middle and high richness bins which are very similar, and looking at the Schechter

parameters, the faint end slope α agrees within one sigma. Our results are consistent with

those reported by Marinoni et al. (2002) where galaxies are brighter in higher richness

groups; also similar to the density dependence as presented by McNaught-Roberts et al.

(2014).

I also looked at colour and morphology, and group richness. In this context, spiral

and elliptical galaxy LFs do not change their shape with richness, meaning the ratio

between these galaxies is constant, independent of the richness. Bright galaxies are mainly

ellipticals as expected, and since central galaxies are mostly the brightest galaxy in the

group, it follows that the central galaxies are mainly ellipticals, but not necessarily red.

There are brighter galaxies in groups with more members or high densities, as other works

have shown (e.g. Croton et al. 2005). The parameter α tends to be steeper as the richness

increases in simulations; however this is not clear with observational data, where the large

error bars do not allow one to confirm or deny this tendency. Blue galaxies dominate the

LF faint-end for all richness bins as expected; and the bright-end is also dominated by blue

galaxies at all richness (according to the M∗). This agrees with the LF for central galaxies,

where the bright end is not dominated either by blue or red galaxies. α also becomes more

negative at higher densities for the red population and an apparent constant value for blue

population at all richness. Meanwhile, M∗ becomes brighter as density increases for red

and blue galaxies using the GAMA data.

I found a large discrepancy between the results presented by Yang et al. (2009) (using

a SDSS based group catalogue) mainly for the central galaxy LF at the faint-end. Their

population of central galaxies is one order of magnitude higher than what I found at the

faint-end, in spite of the total LF being the same within one error bar. A possible reason

for this difference could be the separation criteria between the central and satellite galaxies
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they used based on mass and not luminosity. However, the mock catalogues reproduced

our results. Nevertheless, a more specific study about central and satellite galaxies should

be done in a future work to clarify this difference.

As described in Section 1.3.3, the LF evolution with cosmic time has been studied

carefully using the recent large galaxy samples to understand the star formation process

at different stages of the universe. Under this motivation, the LF evolution over redshift

was characterized along with its dependence on group mass. Galaxies in massive groups

are brighter than the rest, since groups can be dominated by a very bright galaxy in

the central region. To try and to quantify the change of M∗ according to the mass and

redshift, I calculated the two- and one-σ likelihood considering the M∗ and α parameters.

1-dimensioned curves show clearly an increment of M∗ with higher z for high and middle

bins (of mass and velocity dispersion). Evolution is presented in the same way for all the

mass bins, so not differences in evolution ar shown for different mass bins.

In conclusion, in the first paper, I extended the LF studies carried out by previous

authors, between the LF and the group properties, for low mass groups down to 108 M⊙.

I also found some discrepancies with previous works that need to be investigated further

with additional data to minimise the uncertainties. This is the first time that the LF

has been studied with respect to all of the group properties mentioned using the same

sample, so the possible systematic errors cancel out when comparing between two more

group properties.

Motivated by studying the dependence of the LF with the environment, in Chapter

3 I analysed the LF for isolated galaxies separated by morphology in the ugriz bands.

Additionally, I also studied the stellar mass function and the gas-to-stellar mass ratio,

taking advantage of the isolated galaxies sample UNAM-KIAS. This sample was well

characterized by I and other collaborators in a previous work to this thesis.

The first analysis was the estimation of the galaxy LF in the 5 bands. There was no

surprise the fact that M∗ is brighter from blue to red bands for isolated galaxies, since this

is a natural consequence in observations. I found an unclear dip presented at middle mag-

nitudes in the LF; this feature had also been observed by Miles et al. (2004) for galaxies

in groups. The most plausible explanation is the lack of galaxies at these magnitudes due

to recent merger activity. This could also explain the large number of galaxies with clear

signs of distortion in the sample. This feature has also been reported using the ALFALFA

(Haynes et al., 2011) and SDSS (York et al., 2000) data. Some studies have found lumi-

nous isolated galaxies show an excess of dwarf companions ∼5 magnitudes fainter, causing
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signs of distortions in the host galaxy (e.g. Reda et al. 2004, Smith et al. 2004). However,

the final results and a deeper analysis is required to explain this anomalous feature.

In general I find the LF for isolated galaxies is ∼1 mag fainter than the global SDSS

LF, meaning the lack of very bright isolated galaxies or in other words, massive isolated

galaxies, compared with galaxies at higher densities as found in Chapter 2. In terms of mor-

phology, the spiral galaxy LF dominates over the elliptical LF for all bands. I found, at the

bright end of the LF, both populations have similar M∗, contray to Sulentic et al. (2006),

using the AMIGA sample (Verdes-Montenegro et al., 2005), who finds spiral galaxies are

brighter than ellipticals. This could be due to different classification methods applied.

When the sample is divided in 4 morphology bins, there is no evidence of dependence

with the characteristic magnitude, only the very late type galaxies are fainter by more

than 1 mag. This result does not agree with the AMIGA studies and also the LFs are

completely different to those they present. Presumably these differences are the result of

the selection criteria and the correction applied to the magnitudes.

In order to test my results with other samples in similar environments, I took a couple

of GAMA subsasmples. Due to the way every sample is selected, the results can vary.

Based on the voids-GAMA sample, I found the LF shape at the bright-end is the same

compared with my results. Only slight differences of 0.5 mag at the bright-end are found

when comparing with the Croton et al. (2004) voids samples, meanwhile the shape remains

the same. Taking the ungrouped GAMA galaxies sample, α is steeper than mine, maybe

because that sample contains galaxies not associated with groups rather than completely

isolated. In conclusion, my results are in agreement with other studies made at low

densities but not with the most similar sample (AMIGA). As described in Section 1.2.2,

the UNAM-KIAS sample presents advantages over other samples like AMIGA. Then the

results found here are more reliable and can be taken with more confidence. A similar

test (like that applied to galaxies in groups) of the LF based on mass must be studied for

these galaxies in order to check their evolution stage.

Looking at the stellar MF, spiral galaxies dominate at low mass but at higher mass,

elliptical and spiral galaxies have the same characteristic mass; this is unclear when we

look at the results divided by colour, where red galaxies completely dominate the massive

range, meaning a red population of disky galaxies. I found the characteristic mass for

the UNAM-KIAS catalogue to be log M [M⊙] ∼ 11. This is in agreement with the values

determined for galaxies in the field to be 10.6≤ log M [M⊙] ≤11. When we divided the

sample in passive and active galaxies, passive galaxies dominate at high masses while active
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galaxies dominate at low masses. Combining all this information, we can infer galaxies

with log M [M⊙] ∼11 stop forming stars, with only a few of them being blue, maybe in the

last star formation stage. In addition, galaxies with disc are still the ∼50% of the sample

at this mass bin. This breaks the idea that galaxies need a bulge to turn off completely.

This suggests that morphology can the be last transition of isolated galaxies to become in

a passive red galaxy.

In last part of Chapter 3 the gas-to-stellar mass ratio (Mgas/Ms) is presented for

isolated galaxies and the characteristic tendency is presented. This agrees with other

works based on disk type galaxies. This study, however, requires further analysis to try

to estimate the baryonic mass LF and possibly the estimation of the halo mass based on

this ratio (Mgas/Ms) as described by Rodŕıguez-Puebla et al. (2011).

Finally we present the first attempt to study the multi-wavelength LF in the FNugriz

Y JHK bands for the G3Cv6 catalogue based on the first time complete Panchromatic

GAMA survey (Mr=19.8) covering 21 bands. The first estimation of the LF (based on 11

bands) is in agreement with previous works based on multi-wavelength studies. This is the

first work estimating the group LF in 11 bands where we investigate the effects of group

environment on star-formation processes. As expected, we find a good correlation between

the Schechter parameters α and M⋆ with respect to the wavelengths when we considere

the total galaxy group LF and the LF in three different richness and mass bins. However,

further analysis is necessary to investigate the LF in each band in order to determine the

exact source of the differences found in this paper and also to take advantage of the whole

information accessible from the GAMA survey. These kinds of studies can give us valuable

information about the star formation rate in these galaxies and groups.

Groups have been studied in detail by many authors and there have been many at-

tempts to have a reliable LF. Based on this information, evolution models have tried to

predict and match this function, coming from observations. Environment effects are cru-

cial to have a better picture of the galaxy evolution, nevertheless, isolated galaxies still

need to be explored. New, larger and complete catalogues are needed to have confident

results, not only of the LF, but also about the intrinsic physical processes happening inside

these structures. In this thesis I have improved the LF analysis based on a more confi-

dent sample, but there remains some open questions about the nature of these systems.

Observations in multi-wavelengths are crucial to understand the total baryonic content

and the stellar activity for example. With everyday, galaxy surveys are larger and more

information can be extracted to confirm or deny ideas behind our knowledge about the
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Universe’s evolution. This thesis utilised new information given by two of these surveys

(GAMA and SDSS), to explore groups at lower mass than previous studies and also to

explore a new sample of isolated galaxies.
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