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Summary in English

Our investigation of the nature starts with what we see around us. We wonder
about their building blocks and try to go down into smaller scales like we do in
biology and chemistry. But this exploration does not go one way: we are also curious
about what our position is in the larger scale structure. Apart from this hierarchy of
scales that we try to understand, there is another exciting side of this attempt: When
we look further away in the universe, we also look back in time. That way we have
the chance to explore how things form and evolve. This does not work the other
way: we can not see the future with microscopes.

We know for hundreds of years that our planet is a part of the Solar System and
our Solar System is a part of our galaxy, the Milky Way. As diversity is what we
always see in the nature, galaxies also have a variety. They were classified for the first
time in 1926 by Edwin Hubble, on the basis of their appeareance (Fig. 5.1). Galaxies
like our Milky Way have a spheroidal stellar component in their central part, that is
called a bulge, where the motions are not simple rotation, but quite random. Around
the bulge, they have a disk composed of both stars and gas where the motions are
much closer to circular rotation. There are also elliptical galaxies in the Universe
that can be imagined as big bulges and they have no disk component. The sequence
goes from bulge dominated (early type) galaxies towards disk dominated (late type)
galaxies.

Because of the gravity, objects tend to gather, get bound and become a part of a
larger scale structure. The space we see around our Galaxy is not isotropic. Some
places are much less dense where galaxies are more isolated while there are higher
density regions where galaxies belong to a system of a gravitationally bound group
of galaxies. When the number of this group is above 50, it is called a galaxy clus-
ter, which can contain up to a few thousands of galaxies. These can either have a
centrally concentrated, regular structure or a more anisotropic, irregular appeare-
ance. There exists another type of a galaxy agglomeration that is called a super-
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Figure 5.1: The Hubble sequence

cluster, which is roughly between one and ten times as large as a galaxy cluster.
These have much smaller densities and they are usually irregular: they have patchy
density variations and no central concentration. The larger and most conspicuous
of these agglomerations may contain several clusters, which explains why they are
called “superclusters” (Oort 1983). Our universe seems to be clumped on all scales:
galaxies (kiloparsecs), clusters (megaparsecs) and very large superclusters (tens of
megaparsecs or more).

This inhomogenity in the galaxy distribution makes the Universe more interest-
ing: the way galaxies evolve is different in places where the density peaks (in galaxy
clusters) and where the density is low (in the field). Observations show that denser
regions are dominated by early type galaxies and the fraction of spiral galaxies in
the early Universe was higher, while we have a higher fraction of S0 galaxies in the
local universe (Dressler 1980). The elliptical fraction does not change. The fact that
spiral galaxies are efficiently being transformed into S0 galaxies in dense regions of
the universe makes galaxy clusters very good laboratories for astronomers to study
galaxy evolution (Fig. 5.2).

In galaxy clusters, galaxies move under the effect of a large gravitational po-
tential. In the central part, where the density is even higher, they move very fast.
While this increases the frequency of encounters, it prevents galaxies to get bound
with each other and eventually merge. When galaxies move through central parts of
galaxy clusters, they are subject to the high pressure of the dense and hot intraclus-
ter medium that strips gas from their disk. These processes cause galaxies to loose
gas and eventually stop forming stars. Simulations show that tidal interactions can
trigger gas migration towards circumnuclear regions and increase the bulge size and
B/D ratio (Moore et al. 1996). Therefore they may have a role in the formation of S0
galaxies.

In less dense environments galaxy mergers become important. Simulations show
that the outcome of a merger of similar-mass disk galaxies (major merger) can be
an elliptical galaxy. In addition to that, galaxies are expected to grow through an
almost continuous infall of dwarf galaxies and gas clouds. This accretion process
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Figure 5.2: A very regular and rich galaxy cluster, MS1008.1-1224

helps galaxies to continue forming stars for longer and local studies show evidence
of accretion (see Sancisi et al. 2008, for a review on the subject). Recently an isolated
galaxy, which has a massive gas disk perpendicular to its stellar disk, was found in
the local universe (Stanonik et al. 2009). This extended gas disk has comparable mass
to the stellar disk and there is no stellar component at its orientation, suggesting cold
gas accretion as the most likely formation mechanism.

The first project of this thesis: galaxy evolution in clusters

This thesis includes two projects on galaxy evolution. In the main one we investigate
the environmental effects on the evolution of spiral galaxies. As mentioned above,
local galaxy clusters lack late type galaxies since they have already been transformed
into S0s. To be able to study this evolution, one has to look further away, where spi-
ral galaxies are still in the process of being transformed. In Chapters 2 and 3, we
analyze galaxies in four different clusters at intermediate redshifts. We study their
gas, as its distribution and motions are sensitive to external impacts. In case there
is no external force on a galaxy, circular motions along the same plane should be a
good representation of the behavior of the gas and stars. Deviations from this model
would indicate the strength of the external effects that a galaxy is subject to. Follow-
ing this idea, we quantify three different irregularities in the gas kinematics: (1) how
much the gas orbits deviate around a single plane, (2) how much the motions deviate
from circular rotation and (3) how much the rotation plane of the gas is misaligned
with the stellar plane.
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We measure these irregularities not only for distant cluster members, but also for
distant and local field galaxies. Local field galaxies are used for defining a regular-
ity threshold for the measurements. For each of the three parameters, distant field
galaxies and cluster members give remarkably similar irregularity distributions and
fractions. We discuss that the cluster galaxies of which the gas has been stripped via
interaction mechanisms might be out of this analysis since there would not be high
enough signal in their velocity fields to be analyzed. Therefore most of the cluster
galaxies in our sample are most probably just infalling. The field galaxies at inter-
mediate redshifts on the other hand, clearly have more irregular gas kinematics than
their local counterparts. This indicates that these galaxies are probably still in the
process of building their disks via accretion and mergers.

We also investigate possible relations between disturbances in gas kinematics,
as signatures of environmental effects, and stellar light measurements of galaxies.
This may indicate a possible dependence of the efficiency of an interaction process
on some intrinsic properties of galaxies. We find that the misalignment between the
stellar disk and the rotation plane of the gas correlates with two different star forma-
tion indicators. This is expected since models claim that, most interaction processes
in clusters increase the star formation activity at the beginning before they eventually
suppress it. We also find the stellar-gas plane misalignment to be larger for cluster
members with less massive stellar disks.

The second project of this thesis: Infrared colors and color gradients of early type
galaxies

In our second project, we introduce a new tool for studying the formation and evo-
lution of early type galaxies. There are two main theories about their formation: Ac-
cording to the monolithic collapse theory, they were formed by the collapse of initial
over-densities which was accompanied by early, efficient star formation (Eggen et al.
1962). Alternatively, the hierarchical formation theory claims that spheroidal galax-
ies form from mergers of disk systems (Toomre 1977). In the former scenario, stars
form in all regions during the collapse and remain in their orbits, whereas the gas
migrates inwards, being continuously enriched by the evolving stars. This causes
the stars formed in central parts to be more metal rich than the ones that are born in
outer regions. Therefore positive age and negative metallicity gradients are expected
in this theory. Simulations show that galaxy mergers flatten these gradients.

Stars are building blocks of galaxies. How quickly they evolve and die and which
elements they produce all depend on their mass. The light at each position on a dis-
tant galaxy comes from many stars. This total energy distribution depends on the
ages and the metallicities of the underlying stellar populations. However it is not
trivial to extract this information. The slope of the energy distribution (color) in
the optical wavelength region for example is sensitive to both age and metallicity at
similar levels. On a color-color plot, age and metallicity change along the same line,
which makes it impossible to distinguish them from one another. This problem is
called the age-metallicity degeneracy. Some absorption features in the energy dis-
tribution have a higher sensitivity to one of the two, and it is possible to break the
degeneracy using specific combinations of those. Here we define a new tool, which



Summary in English 225

can do the same and it is easier to observe: the 3.6µm-4.5µm color in the infrared. We
find that this color has a very tight correlation with mass, which shows that it is very
sensitive to metallicity and together with the strength of the Mgb line in the spec-
trum, it can provide us with ages and metallicities of stellar populations. We also
study which one of the two mentioned theories better explains our observations:
We find a large spread in the color (metallicity) gradients of the galaxies (especially
more massive ones) which suggests that both theories are needed together to explain
galaxy formation and evolution.






