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5
Conclusions and future prospects

This thesis includes research on two subjects about galaxy evolution. The main con-
clusions for both are summarized here. Some limitations of this thesis are discussed
and an outline of possible follow-up studies is given.

5.1 The evolution of spiral galaxies in clusters

In the first project we investigate how galaxies evolve in high and low density envi-
ronments at intermediate redshifts. We are particularly interested in the interaction
mechanisms in galaxy clusters, where spiral galaxies are efficiently transformed into
early type galaxies (mainly lenticulars). Gas in galaxies is a good tracer of interac-
tions as its distribution and motions are sensitive to external impacts. To quantify the
irregularity of galaxy velocity fields, we define a set of parameters. Their thresholds
are set using local, undisturbed galaxies. We use these parameters to understand the
nature of interaction processes in different environments and at different lookback
times.

Our results are based on 16 cluster (z ∼ 0.3 and z ∼ 0.5) and 29 field galaxies
(0.10 ≤ z ≤ 0.91, mean z=0.44). Their gas (mainly [OII]3727 and Hα) velocity fields
were obtained with the VLT/FORS2 using 3 parallel, adjacent slits for each galaxy.
This novel method has the advantage that we can explore the velocity fields up to
large radii (≈ 3′′, which corresponds to 16 kpc at z= 0.4). The spatial sampling along
the minor and major axes are 1′′ and 0.′′25 respectively.

We find very similar fractions and distributions of irregularities in the gas kine-
matics of cluster members and field galaxies. The field galaxies at intermediate red-
shifts on the other hand, clearly have more irregular gas kinematics than their local
counterparts. This most probably indicates that field galaxies at intermediate red-
shifts are still in the process of building their disks via accretion and mergers.
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We compared the gas kinematics of our sample, that includes both field and clus-
ter galaxies, with 11 galaxies at z ∼ 2 from Shapiro et al. (2008), observed with the
adaptive optics assisted spectrograph, SINFONI. We find that this sample of z ∼ 2
galaxies are more irregular than our sample of intermediate-redshift galaxies.

We perform a photometric analysis of the sample to investigate whether clus-
ter specific interaction processes are more efficient on galaxies with certain intrinsic
morphological properties. We find that the average misalignment between the kine-
matic and photometric position angles correlates with two different star formation
indicators. This is expected since models claim that, most interaction processes in
clusters increase the star formation activity in the beginning before eventually sup-
pressing it. We also find larger misalignments between the stellar disk and the ro-
tation plane of the gas for cluster members with less massive stellar disks, showing
that they are affected more by the interaction mechanisms.

In this research we use galaxies for which the emission lines are strong enough
to extract velocities, from 4 different galaxy clusters and their field. Although they
are difficult to observe, it is important for the aim of this study to investigate the
properties of gas poor galaxies as well, since this class includes the galaxies that are
severely effected from interactions. Therefore, a suitable sample for this research
would be mass-selected and would have to be observed with much longer exposure
times, so that velocity fields of gas-poor galaxies can be obtained with sufficient
signal for an analysis. Our data have an adventage over the current integral field
unit spectrographs in terms of their large radial extent. On the other hand, the spatial
resolution, especially along the minor axis is very low. MUSE, a future instrument
at the VLT, will be a good option for such studies with a field of 1′ × 1′ sampled at
0.′′2 × 0.′′2 (Bacon et al. 2006).

(Treu et al. 2003) define cluster zones according to different physical processes
that might be effective in transforming galaxy morphology in each. They calcu-
late the relevant spheres of influence of physical mechanisms using a simple clus-
ter model based on the observed mass estimate and X-ray surface brightness pro-
file. Although projection effects make it difficult, it is still possible to eliminate some
mechanisms in a certain zone. Studying kinematical irregularities of gas in galaxies
that are located in different zones of these models would be interesting. For such an
analysis, it is important to select galaxies sampling each of these regions homoge-
neously. Together with simulations that model the most probable mechanism that is
responsible for the observed kinematic irregularities, it might provide us with a way
of disentangling different interaction mechanisms from one another.

5.2 Infrared colors and color gradients of early-type galaxies

In the second project we do research on a different topic and introduce a new tool for
studying stellar populations in early type galaxies. The 3.6µm and 4.5µm SPITZER/IRAC
bands are dominated by photospheric emission from old stellar populations. The
low sensitivity of these bands to young stars, therefore to the age, makes us think
that the [3.6]-[4.5] color might be a good metallicity indicator. We investigate this
and check whether it can break the age-metallicity degeneracy in early type galaxies
when used together with a line strength index.
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Our results are based on 38 early type galaxies from the SAURON sample, for
which stellar population properties from optical line indices and several other fun-
damental parameters are available.

We find a tight correlation between the [3.6] − [4.5] color and two mass indica-
tors: central velocity dispersion and absolute magnitude. But the [3.6] − [4.5] color
becomes bluer with increasing mass, contrary to all other broadband colors. The
tight relation between [3.6] − [4.5] and central velocity dispersion shows that the
[3.6] − [4.5] color is a good metallicity indicator.

We find that for aperture measurements within Re the [3.6]− [4.5] color correlates
with all line strength indices which are studied here. Mgb in particular gives very
tight correlations suggesting that the [3.6] − [4.5] color and the Mgb index are very
similar parameters both being sensitive mainly to the average metallicity. When
using measurements at Re/8 a lot more scatter is seen in the [3.6] − [4.5] – index
diagrams. This is due to the fact that in the central regions the contribution from
young stellar populations is much larger. By studying our observations and the old
stellar population models from Marigo et al. (2008) in the [3.6] − [4.5] – Mgb plane,
we find that they can be used to break the age-metallicity degeneracy in early-type
galaxies.

[3.6]− [4.5] is a good AGN indicator. If the stellar populations of a galaxy become
younger, or if they become more metal rich, both of which effects are often seen when
going towards the central parts of galaxies, the [3.6] − [4.5] color becomes bluer. An
active galactic nucleus on the other hand causes reddening of the color, which creates
a clear dip at the center of the radial color profile. This way we clarify the existence
of an AGN in two galaxies: NGC1023 and NGC4382, for which older studies had
ambiguous results.

We also study the presence of radial color gradients. When plotted versus mass,
∆([3.6] − [4.5])/∆logR shows a large scatter, especially for more massive galaxies.
This indicates the importance of both monolithic collapse and mergers in the forma-
tion and evolution of early type galaxies.

To be able to fully use the advantage of [3.6]− [4.5], which is the fact that it can go
up to large radii and break the age-metalicity degeneracy, it needs to be combined
with an optical colour, such as B-R, or a line strength, such as Mgb. We show in
this thesis that age and metallicity can be separated well in the [3.6] − [4.5] - Mgb
diagram. Interpreting the diagram is not easy, since no reliable stellar population
models are available at the moment.

Therefore the first need for the future of this work is reliable models. When they
are available, it will also be possible to study the effects of multiple SSPs. Secondly,
it is important to investigate which other colour, such as B-R, [3.6]− [5.8] or F814W -
3.6, would work best to break the age-metallicity degeneracy, and can go up to large
radii in galaxies.






