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A B S T R A C T 

This thesis investigates the reliability of the D - <T and D - Mg^ distance indicators for elliptical 
galaxies. In particular, we test whether these empirical correlations eire affected by differences in 
the stellar populations of elliptical galaxies associated with their environment. Our final goal b 
to assess the reality of the large peculiar velocities measured in the local universe as derived using 
these relations. 

Our galaxy sjimple includes ellipticals located in high and low galaxian density regions. The 
cluster sample is mainly based on new observations of ellipticals in Coma, Abell 2199 and Abell 
2634, while the field sample is selected from the literature. For each galaxy we list measurements 
of the effective radius, effective surface brightness, photometric diameter, velocity dispersion £ind 
magnesium index. 

We first develop a phenomenological framework of galaxy properties that describes all empirical 
correlations for spheroidal systems, including both giant and dwarf ellipticals. Despite the wide 
variety of observed correlations, we show that only three provide independent information on the 
overall structure and meted abundcince of these systems. These three 'fundamental relations' can be 
expressed in terms of physical variables assuming that both the galeixy mass-to-light ratio {M/L) 
and the ratio between the effective rswlii of the dark and luminous matter distributions {R/Re) 
depend on the mass of the galeixy. The structure of ellipticcil galaxies is then determined by both 
the viried theorem and axi intrinsic mass-radius relation. The metallicity of their stellar populations 
in turn is a function of the galaxy velocity dispersion edone. We compeire this framework with a 
theoretical scenario of galaxy formation that combines the hierarchical clustering and the galactic 
wind models. This picture provides a consistent explanation of the fundamental relations of aJl 
elliptical galjixies assuming R/R^ ~ consteint for dweirf ellipticals while, for giant ellipticals, we find 
that R/Re must be a decreasing function of galaxy mass. Our framework strongly suggests that 
this dependence of R/Re on galaxy mass is the only difference between the two galaxy families. 

We then study the effect of the environment on the D - (T and D - Mg2 distance indicators by 
comparing ellipticals that reside in the core of the Coma cluster with those in the cluster halo. By 
studying the variations within one cluster, we avoid the difficulty of decoupling effects induced by 
distance errors from those due to real environmental differences. We find that ellipticals located in 
the outer, low-density areas of the Coma cluster have D diameters that are, on average at a given 
<T or M</2, 10% or 30% larger than their counterparts in the cluster core. Using galaxy evolution 
models we demonstrate that this effect is consistent with the presence of an intermediate age stellar 
component in some halo ellipticcds. We use the frjimework of gedaxy properties in combination with 
galaxy evolution models to design a new age-independent distance indicator for ellipticals. This 
relation allows distances to be estimated with an uncertainty of ~20% and is independent of 
age/environmentaJ effects. We also offer a simple explanation of the trends observed in the D — a 
versus D — Mg2 residuals plot. 

Finsdly, we use our new distance indicator to readdress previous measurements of peculiar velocities 
in both the cluster and field environments. For Abell 2199 and Abell 2634 ellipticals, we show that 
the new distance estimates are in good agreement with those derived using the D - cr and D - Mg2 
relations. Both clusters are found to have peculiar velocities which are not significantly different 
from zero. However, when the new distance indicator is applied to field ellipticals we find that 
the age/environmental effect translates into a spurious positive component of the local peculicir 
velocity field as derived from D - a and D - Mg2 • This effect may provide a simple explanation 
of the large positive peculieir motions observed toweirds the Great Attractor. 
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1 I N T R O D U C T I O N 

1.1 P E R S P E C T I V E 

The discovery of large-scale inhomogeneities in the spatial distribution of galaxies is one of 

the major results achieved within extragalactic astronomy during the last decade. Three-

dimensional maps with the true positions of thousands of galaxies in space were con

structed by measuring galaxy redshifts in addition to the two-dimensional projection of 

galaxy positions in the night sky (e.g. Huchra et al. 1983). The observed redshifts of 

the Unes in the galaxy spectra are commonly interpreted as Doppler shifts caused by the 

motions of galaxies in an expanding universe. In a pure Hubble flow, the derived reces

sion velocities are then proportional to the galaxy distances. The results of these galaxy 

redshift surveys revealed the existence of large, nearly empty regions with surprisingly 

t l i in fUaments of galaxies wrapped around them. The half-century-old dogma that the 

distribution is smooth on large scales, interrupted only by occasional concentrations of 

galaxies into clusters, began to give way to persuasive evidence of a complex and highly 

structured distribution of galaxies in space. 

The origin of this large-scale structure in the universe is a fundamental problem 

of theoretical cosmology. A widely accepted picture is that such structure might be the 
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Introduction 

imprint of early-universe physics, i.e. the result of small primordial density fluctuations 

that would have grown in cosmic time as gravitation drew more matter into overdense 

regions at the expense of underdense regions. Among the different cosmological theories, 

the inflationary model universe (Guth 1981) has proved remarkably successful in explain

ing the cause of the cosmological expansion, the uniformity of the microwave background 

radiation and, more importantly for the present discussion, the mechanism that can in

crease the size of adiabatic fluctuations enough to seed large-scale structure. The inflation 

model even predicts a precise spectrum of the primordial fluctuations which serves as 

a starting place for models of growth based on gravitational instabihty. With this in

put spectrum and the simple physics of gravity, numerical N-body simidations have been 

successful at producing structures resembUng those found in the universe at small scales 

(Frenk et al. 1985). However, for structure on the largest scales, superclusters and voids, 

these simulations produced model universes that were rather too smooth. 

The failure of theoretical models to describe the observed structure on the largest 

scales may simply reflect the fact that the N-body simtdations actually predict the distri

bution of matter, not galaxies. It is well known that there is considerably more matter 

between galaxies in clusters than can be attributed to that in the galaxies themselves. 

The remarkable success of the Big Bang nucleosynthesis indicates that this unseen extra 

matter, probably 10-100 times as much as we see in the galaxies, is almost certainly non-

baryonic. Most N-body simulations have been based on the model of cold dark matter 

(CDM) -so named because it postidates massive particles which move slowly compared 

with the speed of hght- in a uruverse with critical density -as predicted by inflation-. 

Conventionally, i t has been assumed that the galaxies trace this invisible mass distribu

tion. Indeed, i t would be more desirable to map the distribution of dark matter directly 

and then compare to the predictions of the N-body simulations. As a result, comparison of 
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Introduction 

the galaxy and dark matter distributions would test whether galaxies are accurate tracers 

of the mass, which in turn might be revealing itself of the process of galaxy formation. 

Fortunately, nature has provided a way to map the mass distribution directly. 

Although the major component of galaxy motions is due to the expansion of the universe, 

a nearby overdensity of matter wiU piUl galaxies, imparting additional velocities. Thus 

galaxies wUl stream towards overdense regions and away from underdense regions. A map 

of these 'peculiar velocities', i.e. the motions of galaxies relative to the Hubble flow, wUl 

reveal where the dark matter is and how great are the swells and troughs of its density. The 

inferred velocities from redshift measurements are thus a combination of the expansion of 

the universe and any gravitationaUy induced motions. The pecidiar velocities are simply 

determined by subtracting the contribution of the cosmic expansion. This step requires 

a knowledge of the distance to the galaxy, because velocities in a pure Hubble flow are a 

Unear function of distance. 

Methods used at present to estimate distances to galaxies are mainly based on 

empirical correlations between global galaxy parameters. TuUy and Fisher (1977) showed 

that for spiral galaxies the total luminosity is weU correlated with galaxy rotation speed. 

In this case, the rotation speed measurement, which is independent of the galaxy distance, 

is used to predict a distance-dependent quantity, the luminosity. The TuUy-Fisher relation 

allows galaxy distances to be estimated with a typical uncertainty of ~20%. In a pioneering 

study, Aaronson et al. (1982) used this relation to measure the distances to a sample of 

spirals in the Local Supercluster and subtracted the inferred cosmic expansion component 

from the observed recession velocities to produce the first map of peculiar velocities. This 

study confirmed that the higher local density of galaxies did indeed outline a region of 

higher mass density and that the effect of gravity over a denser region could be actually 

seen. 
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Introduction 

In the last few years, considerable observational work has been undertaken to 

map the large-scale distribution of matter in the local imiverse by measuring the pecuhar 

motions of galaxies. The most surprising and controversial results were derived using a 

new family of distance indicator relations for eUiptical galaxies. This thesis investigates 

the nature of such empirical relations and the reality of the inferred pecuhaj motions of 

elliptical galaxies. 

1.2 B A C K G R O U N D 

The use of eUiptical galaxies in pecuhar velocity analyses developed from studies aimed at 

determining their physical properties (see review by Jacoby et al. 1992). Normal eUipticals 

can be considered, in a first approximation, as simple one-spheroidal-component systems, 

with a homogeneous popidation of old stars whose random motions provide the shape of the 

galaxy. In addition to the simphcity of their physical properties, there are two important 

characteristics that make eUiptical galaxies attractive for peculiar motions studies: a) they 

are luminous galaxies so that their global properties can be measured accurately at large 

distances; and b) they are strongly clustered so that many objects can contribute to the 

determination of the distance to an aggregate of galaxies, increasing thus the precision of 

the distance estimates. 

The discovery of the correlation between luminosity and central velocity dispersion 

by Faber and Jackson (1976) marks the heginiung of the potential use of eUiptical galaxies 

as 'standard candles'. FoUowing that discovery, automatic, quantitative techniques based 

on Fourier or cross-correlation methods for measuring velocity dispersions came into fre

quent use (Sargeant et al. 1977; Tonry k Davis 1981; Davies 1981). The use of these new 

techniques led to a growth of work on the properties and distances of eUiptical galaxies. 
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notably the suggestion by Terlevich et al. (1981) of a second parameter at work in the 
Faber-Jackson relation and the use of that relation by Tonry and Davis to measure the 
infaU of the Local Group towards the Virgo cluster. The uncertainty in the distance to a 
single galaxy in Tonry and Davis' use of the Faber-Jackson relation was ~30%. 

Further work investigating the nature of the second parameter in the Faber-Jackson 

relation led to the development of the D - a relation (Dressier et al. 1987). This correlation 

between a characteristic diameter of the galaxy and its central velocity dispersion can be 

understood in terms of the physics of galaxy equilibrium (Faber et al. 1987; Djorgovski 

& Davies 1987) and impUes a certain dependence of the mass-to-Ught ratio on galaxy 

mass. The D — a relation allows distances to be estimated with an uncertainty of ~20%, 

comparable to the TuUy-Fisher relation for spirals. An alternative form of this relation, in 

which a is substituted by the Mg2 Une strength index, has often been used to corroborate 

the results derived using D - a (Dressier et al. 1987; Dressier, Faber &: Burstein 1991). 

The largest uniform body of D — a data is summarized in Faber et al. (1989) 

and includes photometric and spectroscopic measurements for ~400 ellipticals fisted in 

Burstein et al. (1987) and Davies et al. (1987). These data formed the basis for the first 

and currently most extensive appUcation of the method. Using the D - a relation, these 

authors measured the pattern of pecidiar motions of elfiptical galaxies over the whole 

sky out to recession velocities of 8000 km s"^ The result was surprising. They found 

a large-scale coherence to this pattern from which they inferred that galaxies in a large 

volume, nearly five times the size of the Local Supercluster, partake in a large-scale fiow 

towards / = 307", 6 = 9* (Lynden-BeU et al. 1988). These authors postulated that this 

flow arises from the gravitational attraction of an overdense region, whose centre lay at 

a distance corresponding to a recession velocity of ~4500 km s~\ which they termed the 

'Great Attractor'. 
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