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7
Summary and Future Prospects

ABSTRACT — Results from large optical and H I surveys presented in the previous
chapters are summarized. We combine the results from the analyses of the separate
projects to discuss how these have improved our knowledge of the galaxy population in
the Coma cluster. Proposals for future observations are discussed.

7.1 Introduction

The Coma cluster is the richest of the nearby clusters and appears to be a close equivalent
to clusters at higher redshift. The most remarkable similarity is the presence of blue disk
galaxies and galaxies with E+A type spectra. This makes Coma the perfect link between
nearby and distant clusters. The galaxy densities range from ∼ 103 h2

100 Mpc−2 at the cluster
center to ∼ 10 h2

100 Mpc−2 towards the cluster outskirts. Thus, Coma provides a range
of environments and is therefore an ideal laboratory for a study addressing the evolution of
galaxies and to explore the link between galaxy properties and their environments.

We have used the Wide Field Camera (WFC) on the 2.5 m Isaac Newton Telescope (INT)
to perform a large multi-color wide field optical survey covering 5.2 deg2. We compiled a
catalogue with positional and photometric measurements for well over 130000 objects. From
this data set we extracted a uniform data set of 583 spectroscopically confirmed cluster mem-
bers. We have also begun to use the Westerbork Synthesis Radio Telescope (WSRT) to start
un unbiased census of the H I in galaxies in the south-west quadrant of the Coma cluster. The
main results are summarized below.

7.2 Coma: a testbed for galaxy evolution

7.2.1 Luminosity functions

Statistical determinations of luminosity functions (LF) are accurate when both the science
and control fields are large. We demonstrated that LFs are mainly shaped by the area that is
used for the calculations and not by the methodology that is employed. The LFs of galaxies
in Coma all depend on environment in the sense that the faint end slopes of the LFs become
steeper towards less dense regions, independent of filter. This rules out the existence of a
universal LF and clearly supports the existence of environmental effects. The differences in
faint end slopes of the overall LFs and those of the field, as measured by the Sloan Digital
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Sky Survey (SDSS) (Blanton et al. 2001), are filter-dependent (strongest in U ) and can be
attributed to enhanced star formation in the dwarf population in the outer parts of the cluster
where evolution is apparently still strong. We checked that the calculated LFs and the trends
we have derived are not significantly affected by projection effects.

7.2.2 Galaxy morphologies

The high resolution and depth of our optical survey has made it possible to extend the number
of classified galaxies and to classify galaxies down to fainter limits. This has significant
consequences for some evolutionary studies in which Coma has been taken as low z anchor
point. Based on our data roughly half of the morphologies listed in Dressler (1980) shift
towards later type, directly affecting morphology-radius and morphology-density relations,
as well as the relative fractions of each galaxy type. The new estimates of the fraction of
blue galaxies, however, are still consistent with the original calculation from almost 20 years
ago (Butcher & Oemler 1984), but depends quite sensitively on the adopted sampling radius.
Sampling within larger cluster radii rapidly increases the blue fraction up to a factor ∼ 3
compared to the original sampling radius.

7.2.3 Effects of the environment

The spatial and velocity distributions of early- and late-type galaxies are different. The results
seem to indicate that the elliptical and S0 galaxies really define the cluster. The population
of spirals is least virialized and from its velocity distribution we infer that at least part of it
is still falling into the cluster. Within the spiral population we can identify two groups: red
and blue spirals. The spatial and velocity distributions of blue spirals point to an unvirialized
population whereas the red spirals are more similar to the S0 galaxy population.

Clear morphological segregation takes place in the inner cluster region where we observe
a significant decrease of the late-type galaxy fraction balanced by an increase of the early-
type fraction. Furthermore, the late-type spiral galaxies seem most affected by the cluster
environment, since they strongly avoid the region within ∼ 0.25◦ from the cluster center.

The distance to the cluster center also seems to affect the colors of galaxies. The scatter
with respect to the best-fit color-magnitude relations of elliptical and S0 galaxies systemat-
ically increases towards the outskirts of the cluster. This is caused by a population of blue
galaxies located at large cluster radii. It is again the late-type spiral population that stands out
most clearly. For this group we directly observe a significant blueing towards the outer parts
of the cluster.

The results from the optical survey support a scenario where the Coma cluster is still
growing by accreting galaxies from the field. We observe the recently accreted galaxies as
blue galaxies far from the cluster center. Spiral galaxies, and in particular the late-types, are
most affected by the hostile environment. As they proceed deeper into the cluster potential
star formation ceases and the galaxies start to fade and redden. When they get too close to the
core they are destroyed or transformed to early-type spirals.

7.2.4 H I perspective

The H I survey yielded the detection of 24 galaxies with H I masses in the range from 5 ×
108h−2

70 to 1.6 × 1010h−2
70 M�. The cluster center contains no galaxies with detectable H I
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and over the total area covering ∼ 6 deg2 only two spiral galaxies with H I masses typical or
above that of field L∗ galaxies are found.

We clearly found signs of ongoing interactions with the cluster environment. The best
example of the impact of environmental effects is NGC 4921. This prominent spiral galaxy
is very deficient in H I and has a very disturbed H I mass distribution. Both its location with
respect to the X-ray emission and its high velocity (∼ 1500 km s−1) relative to the mean
cluster velocity suggest that ram pressure stripping is the most likely mechanism at work.

By using known positions and velocities of galaxies in the volume surveyed we stacked
spectra of specific subsamples to improve the average detection limit. This way we found that
the NGC 4839 group has a low mean H I content. The starburst and post-starburst galaxies
in Coma also appear deficient in H I. Apparently, episodes of star formation have lowered
the H I content below measurable levels. The average signal from a selected group of 22
spiral galaxies that are located outside of the cluster core indicates an average H I mass of
∼ 1 × 108h−2

70 M�.
The galaxies that were detected in H I are spiral galaxies of late morphological type. These

gas-rich galaxies differ dynamically from the virialized early-type galaxy population. Their
velocity distribution is bimodal and peaks around 7500 km s−1, similar to what is observed
for galaxies detected in the UV band (Donas, Milliard & Laget 1995) and for the blue spiral
galaxies (chapter 5). The results from the H I survey support the hypothesis that (part of) the
population of late-type galaxies is not virialized.

7.3 Future prospects

7.3.1 Optical surveys

The wide field photometric survey presented in this thesis has provided the largest uniform
multi-color catalogue of the area centered on the Coma cluster. The catalogue complements
and extends previous wide field surveys by providing deep and accurate CCD photometry for
the U , B and r bands. The U band photometry is of particular importance for comparisons
with high z clusters and its sensitivity to star formation processes. To reach similar depths
as the B and r band photometry, however, long integration times are necessary and therefore
the present survey has a limited U band coverage of only 1.3 deg2. Even though we have
sampled to large cluster radii, the galaxy densities are still above field values. Extending the
survey to even larger cluster radii, especially in U , would therefore be useful. We could then
investigate how the LFs change in the transition region with the field and derive more accurate
deprojected LFs.

The catalogue that we have compiled contains positional and photometric information
for objects in a 5.2 deg2 area centered on Coma and as faint as ∼ 23 mag. Only a tiny
fraction of these have measured redshifts. Extending the number of redshift measurements
towards fainter galaxies and galaxies located in the cluster’s periphery would certainly be
valuable. Comparisons of statistical LFs with those of spectroscopically confirmed cluster
members could then be made over a larger luminosity range and larger areas. Furthermore,
since the data quality has made it possible to extend reliable morphological classification
down to fainter limits, deeper and more accurate type-dependent LFs could be derived as
well.

With a larger and more complete sample of cluster galaxies the kinematical properties of
various subsamples of the cluster population could be studied in more detail. In particular,
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it would be interesting to investigate whether field galaxies fall in on an individual basis
or prefer to fall in as a group or along filaments. The studies of the morphology-density
and color-magnitude relations would both benefit from better statistics and larger sampling
radii. Overall, more observations would help to strengthen Coma’s position as low z reference
cluster for studies of the evolution of galaxies in rich clusters.

7.3.2 H I surveys

The stacking method that we applied in our H I survey lowered the detection threshold for
H I emission to ∼ 9 × 107h−2

70 M�, i.e. almost a factor 18 less than the estimated 5σ com-
pleteness limit for a direct detection. The success of the stacking method depends on the
number of measured redshifts for the cluster under investigation. This means that for clusters
at higher z the decrease of the detection threshold will be less impressive, but still significant.
Extension of blind H I surveys of clusters towards higher redshifts would enable the study
of the evolution of the average H I mass of cluster members. At higher redshifts clusters are
contained within a single WSRT primary beam and the increased sensitivity and availability
of the new wide band capability of the upgraded WSRT allow H I surveys at intermediate z
within reasonable integration times. Studies of the gas content and gas mass-to-light ratios
of galaxies in these clusters and their surrounding field as a function of cluster radius, color,
morphology and velocity could be compared to results at z = 0, presented in this thesis. The
results would help to constrain galaxy evolution models.

With the new wide band capability of the WSRT we could observe, for instance, the
north-east quadrant within half of the time needed to complete the present survey or sample
the complete cluster’s velocity distribution, including part of the field, in the same amount of
time with higher sensitivity. New, and preferably deeper, observations are necessary, since
the results obtained thusfar are interesting, but not sufficient to draw hard conclusions about
the general H I properties of the cluster population. The main reasons are that the number
of detections is relatively low and that the surveyed area may be affected by the presence of
the infalling group of galaxies around NGC 4839. Furthermore, most of the evolution seems
to occur in the low-mass range where the current survey is not sensitive enough. With new
observations of at least one extra quadrant we would be able to improve the detection statistics
by a factor 2 and allow a firmer determination of the studied radial trends. The evaluation of
the averaged H I properties of groups of galaxies could be extended. Especially when we
subdivide the galaxies into smaller groups such as starburst, post-starburst, early-type, late-
type and dwarf galaxies we quickly run out of objects with known redshifts and additional
optical information with the present sample. Comparison with a cluster region less affected
by selection effects allows to check the significance of environmental influences.

It will be clear that observations of the full 5.88 × 4.1 degrees (4 quadrants) would even-
tually provide the best and most valuable information on the distribution of the gas deficiency
throughout the entire Coma cluster area. In combination with the large wide field optical
survey, and possible future surveys, this would be the ideal data base for reconstructing the
cluster’s merging history.
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