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A Blind H I Survey of the Coma Cluster

of Galaxies
M. Beijersbergen & J. M. van der Hulst

ABSTRACT — We have begun to use the Westerbork Synthesis Radio Telescope
(WSRT) to start an unbiased census of the H I in galaxies in the Coma cluster. Observa-
tions of 2.94×2.05 degrees covering the south-west quadrant have yielded 24 detections.
For 14 galaxies this is their first detection in H I and for 11 galaxies cluster membership
is established for the first time. The detected galaxies span a range of H I masses from
5 × 108 h−2

70 M� to 1.6 × 1010 h−2
70 M� and have quite different global properties. In

particular the low H I content and very disturbed H I morphology of NGC 4921 strongly
indicates an interaction with the intracluster medium. Overall, the cluster center is defi-
cient in galaxies with measurable H I masses and we observe a weak trend of increasing
H I masses at larger distances to the cluster center. The velocity distribution of the galax-
ies detected in H I has a bimodal shape. Most galaxies are found to have either a higher or
a lower velocity than the mean cluster velocity. The H I data seem to support a scenario
of spiral galaxies being an infalling, non-relaxed and gas-rich field population. By using
known positions and velocities of galaxies in the volume surveyed we stacked spectra of
specific subsamples. The NGC 4839 group has a mean H I content below 3.7× 108 h−2

70

M�. Episodes of star formation in the starburst (SB) and post-starburst (PSB) galaxies
have lowered the mean H I content of these galaxies below 5× 108 h−2

70 M�. We extract
spectra of galaxies with morphological types later than S located within the boundaries
set by our survey parameters and find an average H I mass of (1.0± 0.3)× 108 h−2

70 M�.



CHAPTER 5. A BLIND H I SURVEY OF THE COMA CLUSTER OF GALAXIES 94

5.1 Introduction

Clusters of galaxies are important in many ways. Galaxy clusters can be seen as laboratories
in which many of the processes that drastically change the nature of a galaxy take place.
Examples of the effects that occur are: mergers – thought to be responsible for morphological
changes of galaxies – but also less dramatic interactions such as tidal stripping or triggering
of starbursts. It is this laboratory aspect of the Coma cluster that we want to use for a study
addressing the evolution of gas-rich (disk) galaxies.

H I studies of different environments from dense clusters, through superclusters, low den-
sity regions and voids (Cayatte et al. 1994; Szomoru et al. 1996; Verheijen 1997; Bravo-
Alfaro et al. 2000, 2001, hereafter BA2000 and BA2001) have already revealed a huge
range in galaxy properties and evolutionary states. Coma, the richest of the nearby clus-
ters (z = 0.023), appears to be a close equivalent to clusters at higher redshift. The presence
of blue disk galaxies and galaxies with E+A type spectra (Caldwell et al. 1993; Quillen et al.
1999), make Coma the perfect link between distant and nearby clusters. The once generally
accepted view of Coma being a relaxed, virialized cluster can no longer be upheld. A number
of studies have shown that Coma is still in the process of formation. X-ray satellites imag-
ing the hot intracluster plasma in Coma opened a new window on its structure and revealed
substructures on various scales (White et al. 1993; Briel et al. 2001; Arnaud et al. 2001).
The best example of Coma still being in the process of virialization is the group of galaxies
surrounding NGC 4839 located ∼ 40′ south-west from the cluster center. This group is either
falling in for the first time (Colless & Dunn 1996; White et al. 1993; Neumann et al. 2001)
or may already have made one pass through the center (Burns et al. 1994; BA2000).

Despite numerous observations, many aspects of both the dynamics of the Coma cluster
and of its galaxy population remain unexplained. Most studies to date have focused on the
inner regions. One of the most notable pieces of information that is as yet unavailable, is a
proper, unbiased, H I survey of the entire Coma area. The central 1.2 × 1.2 degrees have re-
cently been observed with the Very Large Array (VLA) by BA2000 and BA2001 with pointed
observations positioned on the brightest spiral galaxies with a relatively small bandwidth of
6.25 MHz. The 19 detected galaxies already show quite a variety in their properties: stripped
H I disks, blue disk galaxies with quite a range in H I content and galaxies with low surface
brightness companions. Although this study is biased towards optically bright galaxies and
only covers a small fraction of the entire volume that Coma entails, it clearly shows the power
of H I imaging for the study of disk galaxies in various environments.

We have used the upgraded Westerbork Synthesis Radio Telescope (WSRT) to begin a
blind survey in the redshifted H I line of over 2.94 × 2.05 degrees of the Coma cluster area.
Our H I survey complements a large photometric survey of Coma conducted with the Wide
Field Camera (WFC) on the Isaac Newton Telescope (INT) (Beijersbergen et al. 2002). H I

observations often add crucial information to a picture based on optical photometry. H I imag-
ing provides unique information such as gas fractions and gas surface density distributions and
is an excellent tracer, in combination with optical data, of the evolutionary state of a galaxy
and the effects of the environment (ram pressure stripping, gravitational interactions). Our H I

data set is unique in that it provides a uniform H I database for a range of environments and
can be used to address a large number of interesting questions. In this chapter we focus on the
neutral hydrogen contents of the galaxies in the Coma cluster from the core to the periphery of
the cluster. We analyze the H I data in relation to the local environment and optical properties
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Table 5.1— Positions of the 9 fields (J2000).

Field α (h m s) δ (d m s)
1 12 57 51.00 27 50 10.0
2 12 57 51.00 27 14 56.8
3 12 57 51.00 26 39 43.6
4 12 53 52.03 27 50 10.0
5 12 53 53.30 27 14 56.8
6 12 53 54.54 26 39 43.6
7 12 49 53.05 27 50 10.0
8 12 49 55.60 27 14 56.8
9 12 49 58.07 26 39 43.6

of the galaxies.

5.2 Observations and reduction

We surveyed 2.94 × 2.05 degrees of the Coma cluster with the WSRT in mosaicing mode.
We observed 9 fields of 12 pointings each with ∆δ, ∆α steps of 0.3 degrees (approximately
0.5 FWHM) (Fig. 5.1). The coordinates of all field positions are listed in Table 5.1. Each field
was observed four times; 1) starting at pointing 0 centered at v = 6153.5 km/s, 2) starting at
pointing 0 centered at v = 8019.4 km/s, 3) starting at pointing 6 centered at v = 6153.5 km/s
and 4) starting at pointing 6 centered at v = 8019.4 km/s, all with 128 channels of 78.125
KHz giving a total bandwidth of 10 MHz per observation. For calculations of heliocentric
velocities we adopt the optical definition. Each field was cycled through once per 12 minutes
for a period of 12 hours giving a total effective integration time per pointing of 50 min. The
data were calibrated using two of the external calibrator sources 3C147, 3C286, 3C48 and
3C295 which were observed before and after each 12 hour observation. The total integration
time for the survey completed so far amounts to 372 hours with an effective bandwidth of
over 17 MHz over 220 channels. A summary of global observing parameters is provided
in Table 5.2. The layout of the observations is shown in Fig. 5.2 where the filled symbols
represent WSRT pointings and spectroscopically confirmed Coma galaxies identified in our
photometric survey are indicated as boxes. We also sketch the extent of the X-ray emission
in the 0.5–2 keV band from Vikhlinin et al. (1997). Note that the H I survey extends to much
larger cluster radii than the optical survey and the X-ray emission.

The calibration and imaging was done using the NEWSTAR package. In total the obser-
vations resulted in 372 data cubes that after calibration had to be flagged for shadowing, bad
telescopes, electromagnetic interference (EMI) etc. This is very time consuming, since only
strongly polarized EMI can be found and removed in an automated fashion by comparing
the data in the two polarized channels. In the end all data sets were inspected and flagged
manually.

For each pointing a model of the strongest continuum sources in the field was made and
subtracted before the Fourier inversion. Inspection of these cubes already yielded the detec-
tion of the ∼ 10 most massive galaxies.

High quality U , B and r band photometry was taken from a survey with the WFC on the
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Figure 5.1— Layout of the WSRT fields as
used in our survey. Each field consists of 12
pointings indicated by the hexagons. The
circles indicate the WSRT primary beam.
The cross indicates the specified coordinate
of a field as listed in Table 5.1.

Table 5.2— Observing parameters.

Dates of observations May-June 2000
Total integration time (hours) 372
Nr. of interferometers 91
Baselines (min,max,increment) (m) 36,2700,72
Synthesized beam (α × δ)∗ arcsec 29.82 × 42.64
Bandwidth (total, increment) (MHz) 17.1875, 0.078125
Velocity coverage
(min,max,increment) (km s−1) 5127,8909,17.26
Nr. of channels 220
rms noise per channel∗ mJy 0.80
∗ average

2.5 m INT. Details concerning the data acquisition, pipeline reduction and data quality are
given in Beijersbergen et al. (2002). In short, we have used 25 overlapping WFC pointings,
covering 5.2 deg2, with broadband filters RGO U , Harris B and Sloan r to create a uniform
multi-color catalogue of the Coma cluster area with a homogeneous photometric scale over
the whole area down to ∼ 22.5 mag. For only 8 galaxies detected in H I there was overlap with
the optical survey. Therefore, in March 2002 we have imaged the remaining 16 galaxies in
order to obtain complete optical information. Unfortunately, the observing conditions during
these last observations were very poor so that we were limited to the B and r filters. The
images were placed on the same photometric scale as the high quality data by observations
of reference fields from the survey described in Beijersbergen et al. (2002). The final result
is that the additional observations have increased the number of images for which WFC data
is available to a total of 21 galaxies and for the remaining 3 we have used DSS-red images.
Due to rapidly varying weather conditions the photometry of only 7 of the galaxies of the last
observing run was reliable enough to be useful.
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5.2.1 Mosaicing

The total observed area spans 2.94×2.05 degrees covered by 108 pointings. The cubes of each
field were flagged as uniformly as possible to give similar synthesized beams which is impor-
tant for the CLEAN process. However, for overlapping fields the synthesized beams can be
different and this complicates the CLEAN-ing as the effective synthesized beam at each loca-
tion in the combined image is a weighted average of the individual synthesized beams of each
pointing added into the combined image. This weighted average then is position dependent
and the standard CLEAN algorithm does not account for this. The strongest detections which
were already identified in single 50 minutes observations were therefore already CLEAN-ed
before combining overlapping fields. For this purpose we created maps of the synthesized
beams at the appropriate channels and fitted these with two dimensional Gaussians. As ex-
pected, the dirty beam shape parameters were very similar for pointings of the same field,
but could be different for different fields. Each pointing containing a strong detection was
CLEAN-ed and restored with the average of the dirty beams. After combining the multiple
observations, subtracting the strongest continuum sources, CLEAN-ing the strongest detec-
tions and correcting for primary beam attenuation we combined overlapping fields in order to
achieve the highest possible sensitivity. The data from individual fields were combined using
a weighting which is inversely proportional to the primary beam attenuation in each field. The
cubes of each individual pointing had to be placed onto the same grid before combining. All
cubes were therefore made with pointing 6 of the most central field as reference position. Due
to file size limitations we created a total of eight “supercubes” for the high and low velocity
sides for further analysis.

5.3 Analysis

The reduction and analysis of the image datacubes was done with the Groningen Image Pro-
cessing SYstem (GIPSY∗). First we removed the residual continuum emission by fitting a
third order polynomial to all profile baselines in the datacube. The continuum free cubes were
then visually inspected for H I emission. The cubes were smoothed to spatial resolutions of
13′′, 30′′ and 60′′ and up to two times Hanning smoothed. From all possible combinations a
spatial resolution of 30′′ and a velocity resolution of ∼ 35 km s−1 proved to be optimal for
detecting galaxies. In total we detected 24 galaxies at 5σ or more. After visual inspection of
all cubes we used the GIPSY routine OBJECTS to automatically find isolated three dimen-
sional structures. The program searched for connected pixels above a 5σ threshold over at
least 3 channels with a minimum size per channel of 3 pixels (30′′). As a result we retrieved
all the objects we had already identified by eye and no extra detections were found this way.
Due to missing UV data for some pointings and the combination of differently sampled fields
the noise is not uniform over the area imaged, but depending on effective integration time
per pointing and number of pointings combined into a subfield it ranges from 0.50 to 1.64
mJy/beam for the areas where the detected galaxies are located. All detections were iden-
tified by using the NASA/IPAC extragalactic database (NED) and for each single detection
10′ × 10′ cubes were extracted from the continuum-unsubtracted “supercubes”. The line
emission free channels of these cubes were fitted with first order polynomials to subtract the
continuum. The data cubes were not CLEAN-ed any further, since the H I emission was too
weak to show the effects of side-lobes.

∗http://www.astro.rug.nl/˜gipsy/
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Figure 5.2— Layout of the mosaic observations of the south-west quadrant of Coma. Solid
symbols represent WSRT pointings, open squares represent all known Coma members iden-
tified in our optical survey and crosses indicate the positions of galaxies detected in H I. The
inset shows a magnification of the central area. The contours sketch the X-ray emission as
observed by ROSAT. Coordinates are given relative to α = 12h59m43s, δ = +27◦58′14′′

(J2000.0).

For each cube containing a galaxy we determined the extent of the H I signal in both the
spatial and velocity directions and measured the flux density of the H I emission. In Fig. 5.13
all global profiles are shown. We checked that using a resolution of 60′′ gives the same flux
values so we do not miss extended low-level emission. Furthermore, flux measurements with
a synthesis array may miss extended flux due to missing short baselines. In our measurements
the shortest baseline is 36 m and we are therefore insensitive to emission regions larger than
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Figure 5.3— Distribution of H I

masses. The arrows (from left to
right) indicate the estimated com-
pleteness limit of 1.6 × 109 h−2

70 M�

and the typical H I mass of an L∗

galaxy, respectively.

20′. All of the galaxies in Coma are much smaller and therefore we expect the fluxes to be
accurate. Total H I masses were derived using a distance of 100 Mpc (H0 = 70 h70 km s−1

Mpc−1) for all galaxies. Table 5.3 lists some observational parameters for each galaxy and in
Table 5.4 all the detections and their measured H I properties are given. The (X,Y) positions
correspond to those in Fig. 5.2. The systemic H I velocity (vsys) is defined to be the velocity
of the central channel displaying emission. The velocity width (∆v) is determined by the
number of channels containing emission and the channel separation.

5.3.1 Comparison with previous work

Four of the galaxies (IC 3913, MRK 0057, KUG 1255+275 and NGC 4921) we detected were
also recently studied by BA2000 and BA2001. We obtain excellent agreement on the H I flux
for MRK 0057 and somewhat lower (∼ 30%) fluxes for the other three. The galaxies KUG
1248+276, UGC 08017, UGC 08013 and IC 0837 were previously detected by Haynes et al.
(1997). We find somewhat higher fluxes (∼ 30%) than their single-dish observations. KUG
1246+276 and KUG 1250+276 are listed in Huchtmeier & Richter (1989) with 30–50% lower
fluxes than we measure. The remaining 14 galaxies are all new H I detections and for 11 of
these this is the first time that their cluster membership is established.

5.3.2 Completeness

We have conducted a blind survey and before drawing conclusions from such a detection
experiment it is essential to have a good idea down to which H I masses we are sensitive over
the surveyed area. Due to missing observations and varying amounts of bad data the noise is
not uniformly distributed over the full 6 square degrees. To calculate to which H I mass we
are sensitive we have divided the survey area (noisy edges excluded) in areas of 36′ × 26′

and determined the average noise in each of these. The noise levels varied from < 0.5 to 0.9
mJy/beam yielding a completeness limit of ∼ 1.6 × 109 h−2

70 M� for a 5σ detection with an
average profile width of 150 km s−1. This is more than a factor 4 less than the typical H I
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Table 5.3— Observational parameters.

Name α2000 δ2000 Beam rms K-mJy conversion
[arcsec] [mJy channel−1] [K mJy−1 beam−1]

(1) (2) (3) (4) (5) (6)
(1) KUG 1248+276 12 51 3.54 27 22 10 30.29 × 41.03 0.75 0.51
(2) A1656:[GMP83] 6025 12 55 24.2 26 51 40 30.80 × 48.48 0.50 0.42
(3) NGP9 F323-0977237 12 56 46.1 27 49 02 30.16 × 40.37 0.77 0.52
(4) RB 165 13 00 06.1 28 15 07 29.25 × 41.47 0.97 0.52
(5) KUG 1249+278 12 52 16.2 27 31 59 28.92 × 40.93 0.66 0.53
(6) MAPS-NGP O 322 1506975 12 52 39.6 27 35 26 28.92 × 40.93 0.66 0.54
(7) IC 3913 12 56 28.5 27 17 28 30.52 × 40.29 0.60 0.52
(8) UGC 08017 12 52 53.5 28 22 17 30.36 × 40.17 0.77 0.51
(9) UCM 1256+2701 12 58 39.9 26 45 33 30.18 × 48.46 0.59 0.44
(10) UGC 08013 12 52 36.3 26 44 59 29.85 × 41.62 0.57 0.50
(11) MRK 0057 12 58 37.2 27 10 34 30.24 × 40.93 0.60 0.51
(12) FOCA 0834 12 58 30.9 26 59 40 30.20 × 49.32 0.54 0.42
(13) KUG 1250+276 12 52 48.9 27 24 06 29.74 × 41.77 0.66 0.51
(14) MAPS-NGP O 323 1382245 13 00 30.8 26 29 23 29.76 × 48.07 1.15 0.45
(15) KUG 1246+276 12 48 59.2 27 22 32 28.84 × 41.23 1.40 0.53
(16) MAPS-NGP O 322 1647174 12 49 11.8 27 23 04 28.84 × 41.23 1.40 0.53
(17) MAPS-NGP O 322 1646693 12 49 01.5 27 10 54 29.99 × 47.37 1.64 0.44
(18) MAPS-NGP O 322 1651394 12 50 31.7 27 18 51 29.08 × 42.90 0.65 0.51
(19) KUG 1255+275 12 58 18.6 27 18 38 30.22 × 40.90 0.60 0.51
(20) IC 0837 12 57 31.3 26 30 42 29.78 × 42.04 0.98 0.51
(21) MAPS-NGP O 322 1497182 12 49 44.3 27 40 10 30.01 × 41.16 0.82 0.52
(22) KUG 1249+272B 12 52 06.8 27 01 35 30.29 × 47.58 0.73 0.44
(23) KUG 1251+284 12 53 53.9 28 11 12 30.30 × 40.20 0.49 0.52
(24) NGC 4921 13 01 26.1 27 53 10 28.94 × 42.03 1.06 0.52

mass of an L∗ galaxy (Zwaan et al. 1997). We therefore assume to be complete for masses
down to this limit, although the exact limit down to which one can detect a galaxy depends
on the true extent of the H I emission, both spatially and in velocity space. This is illustrated
by the fact that two galaxies (MAPS-NGP O 322 1647174 and IC 0837), which are detected
in the noisy outer parts of the surveyed area, have H I masses below the completeness limit
of our sample, but are still detected since the H I emission extends over only small ranges in
velocity (Fig. 5.13). This implies that the emission originates from H I disks that have small
inclination angles with respect to the sky and it explains why these signals are still clearly
visible in the relatively high noise levels. The distribution of H I masses for the total sample
is shown in Fig. 5.3. The completeness limit is indicated by the arrow. We have also indicated
the H I mass of an L∗ galaxy (M∗

HI)

5.4 H I and optical morphologies

Contour plots of H I surface densities overplotted on optical r band images are shown in
Figs. 5.14. For 21 of these galaxies we have high quality U , B and r band photometry from
Beijersbergen et al. (2002) or B and r band photometry from an additional survey conducted
in March 2002. For the remaining 3 galaxies we used DSS-red images from the digitized
sky survey (DSS). The images are ordered from small to large projected distances to the
cluster center. A number of measured properties of the galaxies for which high quality data
is available are given in Table 5.5. For each galaxy the name, morphological type, r, B
and U total magnitudes, U − B and B − r total colors, MHI/LB , expressed in solar units
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Table 5.4— Galaxies detected in HI.

Name X Y vsys ∆v H I flux MHI

[degrees] [degrees] [km s−1] [km s−1] [Jy km s−1] [109 h−2
70 M�]

(1) (2) (3) (4) (5) (6) (7)
(1) KUG 1248+276 1.92 -0.60 8299 174 6.66 ± 0.14 16 ± 0.31
(2) A1656:[GMP83] 6025 0.96 -1.11 5930 120 1.58 ± 0.05 3.7 ± 0.1
(3) NGP9 F323-0977237 0.65 -0.15 5785 103 0.69 ± 0.06 1.6 ± 0.1
(4) RB 165 -0.08 0.28 6325 120 1.57 ± 0.09 3.7 ± 0.2
(5) KUG 1249+278 1.65 -0.43 5494 171 1.08 ± 0.06 2.5 ± 0.2
(6) MAPS-NGP O 322 1506975 1.56 -0.38 5391 103 0.62 ± 0.05 1.5 ± 0.1
(7) IC 3913 0.72 -0.67 7533 225 0.82 ± 0.06 1.9 ± 0.1
(8) UGC 08017 1.50 0.40 7213 259 1.67 ± 0.09 3.9 ± 0.2
(9) UCM 1256+2701 0.23 -1.21 7438 242 1.61 ± 0.07 3.8 ± 0.2
(10) UGC 08013 1.58 -1.22 7872 417 3.06 ± 0.10 7.2 ± 0.2
(11) MRK 0057 0.24 -0.79 7655 225 1.00 ± 0.06 2.4 ± 0.1
(12) FOCA 0834 0.26 -0.97 7447 87 0.22 ± 0.03 0.51 ± 0.07

(13) KUG 1250+276 1.53 -0.56 7733 174 0.92 ± 0.06 2.2 ± 0.2
(14) MAPS-NGP O 323 1382245 -0.17 -1.48 8368 52 0.69 ± 0.07 1.6 ± 0.2
(15) KUG 1246+276 2.38 -0.59 6265 241 1.30 ± 0.12 3.1 ± 0.3
(16) MAPS-NGP O 322 1647174 2.33 -0.58 6282 206 0.60 ± 0.09 1.4 ± 0.2
(17) MAPS-NGP O 322 1646693 2.37 -0.78 5982 189 1.35 ± 0.14 3.2 ± 0.3
(18) MAPS-NGP O 322 1651394 2.04 -0.65 8002 261 1.42 ± 0.08 3.4 ± 0.2
(19) KUG 1255+275 0.31 -0.66 7447 191 0.47 ± 0.05 1.1 ± 0.1
(20) IC 0837 0.49 -1.45 7291 121 0.48 ± 0.06 1.1 ± 0.2
(21) MAPS-NGP O 322 1497182 2.21 -0.30 7611 277 0.92 ± 0.08 2.2 ± 0.2
(22) KUG 1249+272B 1.69 -0.94 6489 103 0.32 ± 0.04 0.77 ± 0.10

(23) KUG 1251+284 1.28 0.21 7706 226 0.42 ± 0.04 0.99 ± 0.10

(24) NGC 4921 -0.37 -0.08 5484 188 0.50 ± 0.07 1.2 ± 0.2

and, if available, the number of confirmed neighbours within 5′ are listed. The galaxies from
Beijersbergen et al. (2002) were visually classified by Pieter van Dokkum. Galaxies from
the additional survey have not been classified, but it is clear that these are also all late-type
(disk) galaxies. We used NED and as yet unpublished redshifts from van Haarlem (2002)
(hereafter referred to as the optical catalogue) to look for the number of nearest neighbours of
each galaxy. Unfortunately, velocity information in the databases is incomplete (especially in
the cluster outskirts) and therefore only few neighbours can be confirmed. The sample is too
small to investigate whether there is a correlation between galaxy color (and presumably star
formation) and local galaxy density (giving rise to galaxy-galaxy interactions).

Although the H I emission in most cases is not resolved and the typical positional accu-
racy of the WSRT is a fraction of the beam below we will briefly describe H I and optical
morphologies of the galaxies displayed in Figs. 5.14 and search for environmentally induced
signatures.

RB 165
This blue Sd galaxy (mUV − b = −1.47 (Donas et al. 1995), U −B = −0.33) is located

closest (in projection) to the cluster center. The H I distribution looks very regular. Donas et
al. (1995) report a velocity of 7259 km s−1 which differs considerably from the H I velocity
of 6325 km s−1 found here. The optical morphology is asymmetric with the peak intensity
located in the south and spiral arms extending mainly to the north, away from the cluster cen-
ter. Its location inside the X-ray emitting area does not seem to affect its H I morphology. It
is one of the more massive systems in our sample with an MHI/LB of ∼ 2. The regular H I

morphology suggests a physical location that is further from the cluster center than seen in
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Table 5.5— Properties of galaxies detected in H I.

Name Type r B U U − B B − r MHI/LB Nr. of neighbours
RB 165 Sd 16.40 17.29 16.96 -0.33 0.89 1.96 5
NGC 4921 Sc 11.95 13.41 13.88 0.47 1.46 0.02 10
NGP9 F323-0977237 Sd 17.99 18.54 19.05 0.51 0.55 2.68 4
KUG 1255+275 Sd 15.76 16.69 16.49 -0.20 0.93 0.34 3
MRK 0057 Sc/d 14.71 15.55 15.29 -0.26 0.84 0.26 2
IC 3913 Sc 14.53 15.51 - - 0.98 0.20 3
FOCA 0834 Sm 17.24 17.90 - - 0.66 0.47 2
UCM 1256+2701 Sd 15.90 16.61 - - 0.71 1.08 1

KUG 1246+276 - 15.23 16.25 - - 1.02 0.63
MAPS-NGP O 322 1647174 - 16.51 17.32 - - 0.81 0.76
MAPS-NGP O 322 1646693 - 15.08 15.81 - - 0.73 0.43
MAPS-NGP O 322 1497182 - 16.59 17.87 - - 1.28 1.99
MAPS-NGP O 322 1651394 - 15.85 16.95 - - 1.10 1.32
KUG 1248+276 - 14.33 15.38 - - 1.05 1.46
UGC 08013 - 14.35 15.76 - - 1.41 0.93

projection.

NGC 4921
This is the largest spiral galaxy in Coma and has an undisturbed optical appearance, de-

spite its location in a very high density environment. It is one of the brightest members of
Coma and is located very close to the cluster center, well within the X-ray contours. Along
the spiral arms bright H II regions are seen, but no H I signal is present there. The galaxy is
not very blue (mUV − b = 1.35) and has a very low MHI/LB of 0.02. The H I morphology is
very disturbed with an H I distribution smaller than the optical disk and offset by ∼ 0.7′. 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.

NGP9 F323-0977237
This is the first measurement of the radial velocity of this disk galaxy. It shows a regular

optical and H I morphology and has an MHI/LB of 2.68. The high relative velocity with re-
spect to the main cluster (∼ 1200 km s−1) may be responsible for the observed shift between
H I and optical position, if real.

KUG 1255+275
This blue Sd galaxy (mUV − b = −0.92, U − B = −0.20) has an MHI/LB of 0.34 and

shows a regular H I distribution. Because of its low relative velocity and location outside of
the X-ray contours this is not surprising.

MRK 0057
This blue Sc/d galaxy (mUV − b = −0.90, U − B = −0.26) does not show any pecular-

ities in its optical or H I morphology. The MHI/LB of this galaxy is 0.26.



103 H I AND OPTICAL MORPHOLOGIES

IC 3913
This blue Sc galaxy (mUV − b = −0.46) shows no morphological irregularities. We

determine an MHI/LB of 0.20. Whether the optical and H I disks are slightly offset cannot
be said within the positional accuracy of the H I measurement, but results by BA2001 suggest
that there is a good match between the peaks of H I emission and starlight.

FOCA 0834, UCM 1256+2701, KUG 1251+284, A1656:[GMP83] 6025 and MAPS-NGP
O 323 1382245

For all galaxies except UCM 1256+2701 this is the first time that their cluster member-
ship is established. These galaxies are all located between 1◦ and 1.5◦ distance to the cluster
center. FOCA 0834 (mUV − b = −2.79) and UCM 1256+2701 are both blue disk galax-
ies. FOCA 0834 shows an asymmetric, arc-like shape and UCM 1256+2701 shows signs of
global star formation (see also Gallego et al. 1996). A1656:[GMP83] 6025 and MAPS-NGP
O 323 1382245 both have a very low surface brightness and, therefore, their optical mor-
phologies cannot be reliably established. All H I morphologies look regular, as expected at
these distances to the cluster center and in the absence of nearby neighbours.

IC 0837, UGC 08017, MAPS-NGP O 322 1506975, KUG 1250+276, KUG 1249+278 and
KUG 1249+272B

For MAPS-NGP O 322 1506975 and KUG 1249+278 this is the first time that their clus-
ter membership is established. All these galaxies are located far from the cluster center and
the hot intracluster medium, between 1.5◦ and 2◦ distance to the cluster center. At 30′′ resolu-
tion all H I morphologies seem regular and in the optical no pecularities are seen either. UGC
08017 and KUG 1249+278 seem to have offset H I disks with respect to the optical disks. The
object near UGC 08017 seems to be a star and the peak of H I emission of KUG 1249+278
coincides with a peak in starlight only visible on the B band image.

UGC 08013, KUG 1248+276, MAPS-NGP O 322 1651394, MAPS-NGP O 322 1497182,
MAPS-NGP O 322 1647174, KUG 1246+276 and MAPS-NGP O 322 1646693

For all galaxies, except UGC 08013 and KUG 1248+276 this is the first time that their
radial velocities are measured. All galaxies are at projected distances larger than 2◦ from
the cluster center. At these distances from the cluster center, and in the absence of nearby
neighbours, no environmental influences are expected and the optical and H I morphologies
are quite regular. KUG 1248+276 may have an asymmetric H I distribution with most of the
gas in the south-east. Its high velocity (∼ 1300 km s−1) relative to the cluster center may be
responsible for the observed morphology.

Given the distance of the Coma cluster and the resolution of the H I data it seems not
too surprising that, overall, the H I morphologies look quite regular, since the H I is hardly
resolved. Observed with much higher resolution and sensitivity this picture would proba-
bly change. We investigated the apparent shifts between the optical and H I positions in the
overlays of Figs 5.14 and typically find (5.4 ± 2.7)′′ (excluding NGC 4921). We note that
the offsets have no correlation with distance from the cluster center and there are no major
displacements, with the exception of NGC 4921.

The displacements between the optical and H I distributions are intruiging, since they
could point to a population of anomalous galaxies. However, a thorough investigation of the
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radio data shows that random offsets of these magnitudes are also present in the continuum
maps. Therefore, the positional accuracy of the H I measurements does not allow firm state-
ments about the possible anomaly of some of the galaxies.

5.5 Tully-Fisher relation

We can check whether the galaxies that are detected in H I and for which we also have good
optical photometry define a Tully-Fisher (Tully & Fisher 1977) relation (TFR). Usually, H I

line profile widths are taken at 20% or 50% of peak intensity, but here we simply use ∆v of
Table 5.4 and correct for inclination. We estimate inclinations by fitting ellipses to the outer
regions of galaxies. In all cases r band images were used, because the old stellar population
should give the best idea of the overall shape of a galaxy. Before any fitting the images
were smoothed and stars, H II regions etc. were blotted. We note that the main assumption
in this procedure is that disks are intrinsically circular although this is probably not correct
(Andersen et al. 2001). In Fig. 5.4a we show the relation between absolute r band magnitudes
and widths of the H I signals. The best fit is given by the solid line. The scatter in this TFR
is large, σr ∼ 1 mag, but this is not too surprising given the small sample size and the
uncertainties in H I velocity widths and inclinations.

5.6 H I mass-to-light ratios

A rough tracer of the state of evolution of a galaxy is given by the amount of H I gas relative
to the amount of stellar light, MHI/L. In Fig. 5.4b we plot B band MHI/L versus B − r
colors for the sample of Tully-Fisher galaxies. The MHI/L values were calculated by using
MB,� = 5.48. The colors are in the normal range for late-type and low surface brightness
galaxies (e.g. de Blok et al. 1995). In Figs. 5.5 we show MHI/Lr and MHI/LB as a function
of distance to the cluster center. The majority of the galaxies have normal MHI/LB values
, i.e. < 1. There are, however, extremes to both sides. The reddest galaxy, NGC 4921, has
an H I mass-to-light ratio which is a factor 15 lower than typical for Sc galaxies (Roberts &
Haynes 1994), but since this galaxy’s H I distribution is highly disturbed this is not a surprise.
There are a few galaxies with MHI/LB > 1. Although extreme, these galaxies are in the same
range as, for example, the sample of late-type dwarfs observed by Swaters (1999). There is
no clear correlation between MHI/L and position in the cluster.

5.7 Average H I masses of Coma galaxies

To improve the sensitivity to H I emission further we used the known positions and redshifts
of 418 galaxies that fall within our surveyed space, both spatially and in velocity. This sample
was compiled from our optical catalogue. For this sample, and subsamples thereof, spectra
were extracted, shifted along the velocity axis to ensure that any H I signal appears around
the middle channel, and co-added. Information on individual galaxies is completely lost,
but the H I mass threshold is lowered considerably and limits to the average H I masses of
cluster members can be derived. This method has been previously used by Zwaan (2000) and
Chengalur et al. (2001) and has proven to be succesful.

To ascertain how well this method works we first extracted spectra of the 10 galaxies in
Table 5.4 that lie outside of the noisy edges and have a velocity entry in NED. Most of these
spectra showed H I emission exactly around the band center, since in general the velocities in
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Figure 5.4— a) Tully-Fisher relation for the sample of 15 galaxies with good photometry.
The solid line shows the best fit and the dashed lines indicate the 1σ scatter about the best fit.
b) Log MHI/LB versus B − r color for the Tully-Fisher sample.

Figure 5.5— Gas mass-to-light ratios as a function of distance to the cluster center. Left: gas
mass normalized to r band luminosity. Right: gas mass normalized to B band luminosity.

NED are the same as our central H I velocities to within 25 km s−1 (Fig. 5.6). However, we
find significant differences for UGC 08017, KUG 1249+272B and RB 165 of 152, 181 and
934 km s−1 , respectively, between our derived H I velocities and the values listed in NED.
Co-addition of these not perfectly aligned spectra leads to a weaker signal in the averaged
spectrum. The average spectrum is shown in Fig. 5.7a. The positive signal at ∆V = 0 cor-
responds to an H I mass of (3.0 ± 0.3) × 109 h−2

70 M�, whereas averaging the H I masses
of the appropriate galaxies in Table 5.4 gives 4.2 × 109 h−2

70 M�. This proves that we can
estimate average H I masses to within a factor ∼ 1.5 from the true value. Even better agree-
ment is obtained when H I input velocities are used. The derived average H I mass is always
underestimated as the input velocities are not always accurate enough and this will dilute any
averaged signal. Furthermore, the success of amplifying signals depends on the shapes of
the global profiles which can also be quite different (Fig. 5.13). However, in the calculations
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Figure 5.6— Comparison of sys-
temic velocities with those listed in
NED. In general the velocities match
each other well.

below we only quote the results derived from the spectra and it should therefore be kept in
mind that these can still be too low. In short, the above confirms that reasonable estimates of
the average H I masses can be obtained with this method. Below we employ the method to
derive limits to the average H I masses of selected subsamples of all known Coma galaxies,
excluding the galaxies listed in Table 5.4.

We start by extracting spectra of all 418 Coma galaxies and at first we disregard their
morphological types. In the calculations of H I mass limits below it is assumed that galaxies
have a profile width of 150 km s−1 and that the detection is significant at 5σ. The assumption
on the velocity width is somewhat arbitrary since we do not know what the typical velocity
widths of undetected galaxies in a cluster environment are, but for small, low mass galaxies
in the field this is reasonable (e.g. Swaters 1999). The average spectrum of the total sample
is shown in Fig. 5.7b. There is no apparent signal at a noise level of 0.05 mJy beam−1. From
this averaged profile we conclude that the average H I mass of all Coma galaxies is below
8.8 × 107 h−2

70 M� and the corresponding average MHI/LB upper limit is 0.04. Such a low
average H I content was expected since by far most galaxies in Coma are of early-type (E and
S0) with intrinsically low H I content. The small fraction of large spiral galaxies is very H I

deficient, especially towards the cluster center. Next we excluded galaxies near the cluster
center and averaged only the spectra of 189 galaxies at projected cluster radii larger that 0.5
degrees (0.87 h−1

70 Mpc), i.e. avoiding the most intense X-ray emitting area. The resulting
spectrum is shown in Fig. 5.7c. Again, there is no signal at a noise level of 0.07 mJy beam−1.
Therefore, the average H I mass of these galaxies must be below 1.2 × 108 h−2

70 M� with a
corresponding average MHI/LB upper limit of 0.06. Finally, in panel d) of Fig. 5.7, we show
the average profile of the 17 faintest (mr > 17) and bluest (B − r < 1.18) galaxies. This
spectrum has a noise level of 0.19 mJy beam−1 and, since there is no detectable H I emission,
indicates an average H I mass below 3.4×108 h−2

70 M� corresponding to an average MHI/LB

upper limit of 0.62. The fact that we are unable to detect an average H I signal from any of the
above samples must result from Coma’s morphological mix, although one would expect faint
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Figure 5.7— Average H I spectra. a) Average spectrum of 10 galaxies known to have H I

emission. b) Average spectrum of all 418 galaxies that fall within our survey space. c) Average
spectrum of 189 galaxies at a distance larger than 0.5 degrees from the cluster center. d)
Average spectrum of 17 galaxies having an r magnitude fainter than 17 and a B − r color
bluer than 1.18.

and blue galaxies to be of late morphological types only. The average gas mass-to-light ratios
and the observed change of their values for different samples are consistent with Roberts &
Haynes (1994). Even in hostile cluster environments the bulk of H I mass resides in (large)
spiral galaxies (Solanes et al. 2001). The fraction of these systems is low and therefore any
signal will be heavily diluted. Below we focus on the H I contents of some more appropriately
chosen subsamples.

5.7.1 Average H I content of the NGC 4839 group

A secondary peak of X-ray intensity is located some 40′ south-west of the cluster center
(e.g. White et al. 1993) and is associated with the group of galaxies surrounding NGC
4839. The systemic velocity of this group is 7339 ± 329 km s−1 (Colless & Dunn 1996).
We extracted spectra of the 18 galaxies with a distance less than 0.15◦ from NGC 4839 and a
radial velocity within the ±3σ boundaries set by the group. The average H I spectrum of these
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Figure 5.8— Average H I spectra. a) Average spectrum of 18 galaxies belonging to the NGC
4839 group. b) Average spectrum of 13 abnormal spectrum galaxies (Caldwell et al. 1993;
1997) that fall within our survey space.

group members is shown in Fig. 5.8a. From the noise level of 0.21 mJy beam−1 we estimate
that the average H I mass of the galaxies in this group is below 3.7 × 108 h−2

70 M� and the
average MHI/LB upper limit is 0.25 (excluding NGC 4839). This is not too surprising since
the group consists of 14 E/S0 and 3 Sa galaxies (one galaxy is unclassified), all quite early-
type galaxies with, in general, a low H I content. If we restrict ourselves to the 3 spirals we
derive an upper limit to the H I mass of 8.3×108 h−2

70 M�. BA2000 have observed four group
members (all classified S0) and also detected none. We conclude that the NGC 4839 group
has a very low H I content.

5.7.2 Average H I content of abnormal spectra galaxies

Caldwell et al. (1993; 1997) report that roughly 30% of all galaxies in a field located at 40′

south-west of the cluster center have spectra indicative of recent star formation or nuclear
activity. The averaged H I spectrum of 13 of these galaxies is shown in Fig. 5.8b. The average
H I mass derived from this spectrum is below 5× 108 h−2

70 M� and the corresponding average
MHI/LB upper limit is 0.09. Nine of these systems are of morphological types E and S0.
The 4 spirals with abnormal spectra have an average H I mass less than 7.8 × 108 h−2

70 M�.
BA2000 and BA2001 pointed with the VLA at 11 of these so called post-starburst (PSB) and
3 starburst (SB) galaxies and detected none of these objects in H I. They derive upper limits
to their H I masses ranging from 6 × 107 h−2

70 to 3 × 108 h−2
70 M�. Their limits apply to a 6σ

signal over only one channel and it is very unlikely that a galaxy has H I emission over such a
small velocity range. Assuming an average velocity width of 150 km s−1 and a 5σ detection
these limits become 3.3 × 108 h−2

70 to 1.7 × 109 h−2
70 M� with an median of 7.0 × 108 h−2

70

M�. This is consistent with the limits we derive statistically. We conclude that the SB and
PSB galaxies in Coma have low H I contents.

5.7.3 Average H I content of late-type galaxies

To increase our chance of finding a positive H I signal we narrow our search by choosing
subsamples that in quiescent environments are known to be gas-rich. We have made use
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Figure 5.9— Average H I spectrum
of 22 late-type galaxies showing a
statistical H I detection. The con-
trol spectrum has randomized ve-
locity shifts and is offset by +0.7
mJy. Both spectra have been boxcar
smoothed with a 150 km s−1 filter.

of the LEDA database† to extract all galaxies with morphological types later than S located
within the boundaries set by our survey parameters. In total we find 22 late-type galaxies
satisfying our criteria. The spectra of KUG 1255+283, MRK 0056, NGC 4911, IC 4040,
KUG1258+279A and MRK 0058 all show marginal signals at ∆V = 0 km s−1, insufficient
to be noticed in the channel maps as solid detections. However, adding all these 22 spectra
results in the average H I spectrum shown in Fig. 5.9 where we also show a spectrum where
random velocity shifts have been applied. A positive signal at ∆V = 0 km s−1 appears only
when correct velocity shifts are applied. The average H I mass corresponding to the signal is
(1.0 ± 0.3) × 108 h−2

70 M�. BA2000 have observed NGC 4911, IC 4040 and MRK 0058 and
found H I masses of 9.3, 3.3 and 2.0×108 h−2

70 M�, respectively.
High quality Hubble Space Telescope (HST) imaging of galaxies has revealed that galax-

ies can be easily misclassified from ground-based images (e.g. Caldwell et al. 1999). Al-
lowing for such uncertainties in morphological classifications by also including the spectra of
S0 galaxies gives a null result. Interestingly enough, Chengalur et al. (2001) observed Abell
3128 and find exactly the opposite: only when S0 galaxies are included a positive signal is
found in the average spectrum and no significant signal is found when only types S and later
are considered.

5.8 Discussion

5.8.1 H I masses

We estimate to be complete down to an H I mass of 1.6 × 109 h−2
70 M�. Unfortunately, the

survey is not sensitive enough to assess what happens at the low-mass end of the H I mass
distribution. The H I masses of the galaxies we detected are, with the exception of KUG
1248+276 and UGC 08013, well below 7 × 109 h−2

70 M�, the typical H I mass of a field L∗

galaxy (Zwaan et al. 1997). A similar result was found by BA2000 and BA2001 for their

†http://leda.univ-lyon1.fr
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Figure 5.10— Panels a) and b) show the projected distributions of the low (solid dots) and
high (solid squares) mass galaxies of our sample respectively. The cluster center is denoted by
the plus sign. Panel c) shows the log of H I mass as a function of radius. Their correlation is
indicated by the solid line. Low MHI systems are more strongly clustered around the cluster
center.

sample of the brightest spiral galaxies in Coma.

Recently, surveys of the clusters ACO 3627 (Vollmer et al. 2001) and Abell 3128 (Chen-
galur et al. 2001) show that the spiral galaxies in the inner cluster regions are H I deficient.
Both conclude that this deficiency must be related to the influence of the hot, X-ray emitting,
intracluster gas. Figs. 5.10a and b show the projected positions of the high and low-mass
galaxies in the Coma cluster. We detect only two galaxies with a projected position within
the X-ray contours and conclude that the cluster center is void of galaxies with detectable H I

content, exactly as seen in above clusters. In Fig. 5.10c we show all observed H I masses as
a function of distance to the cluster center where we indicate the typical H I mass of a field
L∗ galaxy by the dotted line. We find a weak (91.9% significance) correlation of increasing
mean H I masses at larger distances to the cluster center. The H I masses of galaxies closest
to the cluster center are roughly a factor 2 lower than those of galaxies at radii larger than 2◦.

Solanes et al. (2001) showed that in H I deficient clusters the proportion of gas-poor
spirals continuously increases towards the cluster center. We have measured the H I deficiency
by dividing the H I content of an isolated galaxy of the same morphological type and optical
diameter by the H I content of the galaxy that is observed. The H I deficiency is then defined
as the log of this ratio so that positive values indicate H I deficiency. Figure 5.11a shows the
relation between the H I mass and squared optical diameter for our sample where the solid line
gives the best-fit relation for isolated field galaxies (Haynes & Giovanelli 1984). The resulting
H I deficiencies are plotted in Fig. 5.11b as solid symbols. There is no significant trend of
deficiency with distance to the cluster center in our data. When we include the galaxies from
BA2000 that are located in our surveyed volume (open symbols), however, it becomes clear
that most H I deficient galaxies are found closer to the cluster center. We have not detected
these galaxies, since they all have H I masses below our detection limit. This shows that
future blind surveys should be more sensitive to low mass galaxies, since there evolution is
apparently strongest. The H I deficiency inside 0.5◦ from the cluster center roughly coincides
with the extent of the X-ray emission and clearly suggests that the intracluster medium is
responsible for stripping H I from galaxies.
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Figure 5.11— a) Relation between the H I mass and squared linear optical diameter. The
solid line represents the relation for isolated galaxies given in Haynes & Giovanelli (1984).
b) H I deficiency as a function of distance to the cluster center. Filled symbols represent our
measurements and open symbols are observations from BA2000.

The trend that appears could be due to selection effects given the small and biased area
that BA2000 have covered and the fact that our survey is not sensitive enough to detect the
low-mass galaxies that seem to be affected most. We therefore investigated the probability
of missing deficient galaxies at radii larger than 0.5◦ by extracting all spiral galaxies from
our optical survey (Beijersbergen & van der Hulst 2002; chapter 4) that lie within the volume
surveyed. We find that there are at least 53 undetected spiral galaxies and we derived estimates
of their H I masses by assuming MHI/LB = 0.1 and MHI/LB = 0.4 for early- (Sa/b) and
late-type (Sc/d) spiral galaxies (Roberts & Haynes 1994), respectively. There are 11 galaxies
which we should have detected if they had normal H I content. Five of these are among
the deficient galaxies observed by BA2000, shown in Fig. 5.11b as open symbols. Three of
the remaining galaxies lie within the X-ray emitting area so that there remain only 3 (early-
type) spiral galaxies for an analyis. We conclude that our current survey is not sensitive
enough to assess whether the strong correlation between H I deficiency and location in the
cluster is limited to the X-ray emitting area only. There are simply not enough galaxies with
estimated H I masses above our completeness limit to properly investigate the relative lack of
H I deficient galaxies at distances larger than 0.5◦ from the cluster center.

5.8.2 Cluster kinematics

In general H I observations can help to elucidate a cluster’s accretion history. The locations
of H I rich disk galaxies both spatially and in velocity space give a handle on a cluster’s three
dimensional structure, since undisturbed galaxy systems are not likely to be in the core and are
also not likely to have gone through the center in the recent past. In Abell 2670 (z = 0.0767),
for example, van Gorkom (1996) found an H I rich group of (spiral) galaxies that enters the
cluster environment and in this way identified substructure in the cluster. In Coma, an X-ray
study by Neumann et al. (2001) suggests that the group associated with the giant galaxy NGC
4839 is on its first passage through the cluster core. This group consists mainly of early-
type galaxies and the 3 (early-type) spirals have too low H I contents to be detected in our
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Figure 5.12— a) Distribution of he-
liocentric velocities as derived from
the H I signals. The shaded histogram
represents the velocity distribution of
the H I sample. The Gaussian is the
best-fit to the velocity distribution of
583 confirmed members from our op-
tical catalogue. b) Velocity as a func-
tion of distance to the cluster center.
The dotted line indicates the mean
cluster velocity. c) Spatial distribu-
tion of all detections. Solid sym-
bols represent galaxies with Vhel <
7000 km s−1, open symbols represent
galaxies with Vhel > 7000 km s−1.

current survey. Unfortunately, this group has an intrinsically low H I content and therefore H I

observations are not helpful to answer the question whether the group has already made one
pass through the cluster center.

Kinematical information of cluster member galaxies can be used to provide insights on
the dynamical state of a cluster. The morphology-density relation (ellipticals are found pri-
marily in regions of high galaxy density, spiral galaxies in regions of lower density) is a well
established fact (e.g. Whitmore et al. 1993; Dressler et al. 1997). Colless & Dunn (1996)
found that the late-type galaxies in Coma have a velocity distribution with a dispersion ∼

√
2

times larger than the early-type galaxies, exactly as predicted for an infalling population. The
photometric sample of Coma members in Beijersbergen & van der Hulst (2002; chapter 4)
is larger and of superior quality. Therefore, the morphological classifications are more reli-
able (Colless & Dunn used the color-magnitude relation to distinguish early from late-type
galaxies) and more complete than in any previous work. They find that the E+S0 velocity
distribution can be represented by a Gauss function whereas the velocity distribution of the
spiral population is clearly (>98% significance) non-Gaussian. Hence, they also conclude
that the early-type galaxies define the relaxed cluster population whereas the spiral galaxies’
velocity distribution clearly indicates a non-relaxed, possibly infalling population. In Coma
all of our detected galaxies are of late morphological types (S and later). It is now inter-
esting to investigate whether gas-rich spiral galaxies differ dynamically from the optically
bright galaxies. The velocity distribution of H I detected galaxies is shown in Fig. 5.12a as
the shaded histogram. The overplotted Gaussian gives the velocity distribution of 583 cluster
members (confirmed via optical redshifts). The velocity distribution of the galaxies detected
in H I has a bimodal shape. Where the distribution of optically bright galaxies peaks there is
a lack of galaxies detected in H I. Most galaxies detected in the redshifted H I line are thus
found to have either a higher or a lower velocity than the mean cluster velocity. Most galaxies
have velocities around 7500 km s−1, although this may not be very significant. Nevertheless,
it is interesting that this is very similar to the result by Donas et al. (1995) for their sample
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of 61 cluster members detected in the UV (λ ∼ 2000Å) band. They find a concentration of
19 blue (mUV − b < 1) galaxies with radial velocities around 7555 ± 318 km s−1. Also,
Beijersbergen & van der Hulst (2002; chapter 4) find a broad, non-Gaussian velocity distribu-
tion for 92 spiral galaxies in Coma with two peaks: one around the cluster mean velocity at
6900± 150 km s−1 and one around 7500± 150 km s−1. From Fig. 5.12c one can notice that
the 10 galaxies with v < 7000 km s−1 mainly lie on a line in the NE-SW direction. This is
the same direction as the filament connecting Coma and A1367, along which the NGC 4839
group appears to be falling in. The velocity distribution of H I rich galaxies clearly supports
the idea that (part of) this population is not virialized and therefore supports a scenario of spi-
ral galaxies being an infalling, non-relaxed field population. The fact that we observe lower
H I masses closer to the cluster core suggests that infalling galaxies loose gas on their path
through the cluster, indicating that gas removal mechanisms become more effective.

An interesting question is whether galaxies prefer to fall in on an individual basis or in
groups. In the very outskirts of Coma KUG 1249+278 and MAPS-NGP 0 322 1506975 are
close together, both spatially and in velocity space. The four galaxies UCM 1256+2701,
FOCA 0834, MRK 0057 and KUG 1255+275 located to the south of the cluster center, all
at x ∼ 0.3 in Fig. 5.2, have radial velocities between 7400 and 7700 km s −1 and may be
infalling along a filament. Apart from these two possible substructures the other galaxies
are randomly distributed over the survey area per velocity interval and we do not find clear
evidence for galaxies to fall in as groups.

5.8.3 Average H I masses from stacked spectra

From the average H I content of galaxies in the Coma cluster we estimate that the total H I

content of all undetected cluster galaxies has an upper limit of 3.7 × 1010 h−2
70 M�. This is

roughly half of the total H I content of all detected galaxies. The 24 direct (> 5σ) detections
are all galaxies of late morphological types. Stacking up spectra of appropriately chosen
subsamples of cluster members gives estimates of the average H I masses. We find that the
galaxies belonging to the NGC 4839 group have a mean H I content below 3.7×108 h−2

70 M�.
For the SB and PSB galaxies we find an average H I mass below 5 × 108 h−2

70 M�, consistent
with results by BA2000 and BA2001. This result is also in qualitative agreement with Chang
et al. (2001) who do not detect H I in two E+A galaxies located in a cluster environment
(albeit with higher upper mass limits).

Addition of spectra of known cluster members gives a positive signal when the sample is
restricted to late-type galaxies only. Recent studies of two clusters at higher redshift seem to
give a different picture. In Abell 3128, at z = 0.06, an average H I signal is only found when
the spectra of S0 galaxies are included. When the sample is restricted to late-type galaxies
only no significant signal is detected. The average H I mass derived for the late-types, thus
including S0 galaxies, is (9.8 ± 2.5) × 108 h−2

70 M�. We note that this cluster is richer than
Coma, but its X-ray luminosity in the 0.5–2 keV band is with 9.14 × 1043 ergs s−1 (David et
al. 1999) a factor 4 less than what is measured for Coma. Therefore, the intracluster medium
is probably less hostile and gas removal mechanisms are likely to be less effective than in
Coma. Zwaan et al. (2001) observed the distant cluster Abell 2218 at z = 0.18 and were the
first to detect H I emission from a galaxy at cosmological distance. Besides this spiral galaxy,
residing in the cluster outskirts, no other direct detections were made. They did, however,
statistically detect an average H I signal by stacking up 45 spectra of known cluster members
without regard to their morphological types. In fact, since redshifts have only been measured
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for galaxies in the cluster center most of them are likely to be early-type galaxies. The average
H I mass of these galaxies is (6± 2.4)× 108 h−2

70 M�. Abell 2218 has richness class 4 (Abell
et al. 1989) and is therefore richer than Coma. Also, its X-ray luminosity in the 0.5–2 keV
band is with 4.59 × 1044 ergs s−1 (David et al. 1999) 20% higher than what is measured for
Coma. Therefore, it is not too surprising that no large H I rich spirals are found in this cluster.

In the nearby universe the Virgo cluster has been extensively studied with the VLA by
Cayatte et al. (1994; 1990). Even though this is a less rich cluster and the intracluster medium
is less dense than in Coma the H I morphologies have clearly been affected by the cluster
environment. Vollmer et al. (2001) showed, using N-body simulations, that the scenario
where ram pressure stripping is responsible for the disturbed morphologies is consistent with
all observations.

5.9 Summary and conclusions

The observed volume of the Coma cluster hosts galaxies of very low H I contents. In a total
surveyed area of ∼ 6 square degrees only two spiral galaxies with H I masses typical or above
that of field L∗ galaxies are found. Furthermore, the projected distribution of galaxies is such
that the low-mass galaxies are, on average, found closer to the cluster center than the galaxies
with higher H I masses, similar to what is observed in other rich clusters. Overall, the cluster
center is deficient in galaxies with measurable H I masses and for the main cluster we derive
an upper limit to the total H I content of all undetected galaxies of 3.7 × 1010 h−2

70 M�.
The best example of the impact of environmental effects on galaxy evolution is NGC

4921. This prominent spiral galaxy is very H I deficient 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. UGC 08017 also seems to have a larger mismatch between
its optical and H I disk positions than can be accounted for by positional inaccuracies.

The velocity distribution of the galaxies detected in H I is bimodal; there are very few
galaxies around the mean cluster velocity. Besides the galaxy pair KUG 1249+278/MAPS-
NGP 0 322 1506975 the galaxies UCM 1256+2701, FOCA 0834, MRK 0057 and KUG
1255+275 are located relatively close to each other in phase space, possibly indicating an
infalling population. The other 18 detected galaxies do not seem to trace out any substruc-
tures.

By using known positions and velocities of galaxies in the volume surveyed we stacked
up spectra of specific subsamples. We found the NGC 4839 group to have a low mean H I

content. The SB and PSB galaxies in Coma are also found to be deficient in H I. Apparently,
the episodes of star formation exhausted the H I gas below measurable levels. For late-types
galaxies we measured an average H I mass of (1.0 ± 0.3) × 108 h−2

70 M�.
Our H I survey of the south-west quadrant of the Coma cluster contains the NGC 4839

group which may be falling into Coma along a filament and a filament farther out connecting
Coma and the cluster Abell 1367. Therefore, this is a somewhat special area which could
be reflected in the (H I) properties of its galaxy population. More and deeper observations of
other quadrants are needed to improve statistics when studying properties as a function of en-
vironment and for a comparison of our results to a more typical cluster region. Furthermore,
completion of the full 5.88×4.1 degrees (4 quadrants) would provide valuable information on
the distribution of gas deficiency throughout the complete Coma cluster. Based on the detec-
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tions and non-detections a scenario could then be sketched concerning the cluster’s merging
history.
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Figure 5.13— Global H I profiles of all detections. The vertical scales display flux densities
in mJy and the horizontal scales display heliocentric velocities. Note the different vertical
scales. All fluxes are corrected for primary beam attenuation.
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Figure 5.13— (continued).
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Figure 5.14— a) H I surface density contours of RB 165 superposed on an r band gray scale
image. Contour levels are: 2.4, 3.4, 4.4, 5.4 and 6.5×1020 cm−2. The synthesized beam
shape is shown as hatched ellipse.

Figure 5.14— b) H I surface density contours of NGC 4921 superposed on an r band gray
scale image. Contour levels are: 1.2, 2.1, 3.0 and 3.9×1020 cm−2. The synthesized beam
shape is shown as hatched ellipse.
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Figure 5.14— c) H I surface density contours of NGP9 F323-0977237 superposed on an r
band gray scale image. Contour levels are: 1.9, 2.5, 3.0, 3.6 and 4.0×1020 cm−2. The
synthesized beam shape is shown as hatched ellipse.

Figure 5.14— d) H I surface density contours of KUG 1255+275 superposed on an r band
gray scale image. Contour levels are: 1.4, 2.2, 2.9 and 3.6×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.
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Figure 5.14— e) H I surface density contours of MRK 0057 superposed on an r band gray
scale image. Contour levels are: 1.6, 2.8, 4.1, 5.3, and 6.6×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.

Figure 5.14— f) H I surface density contours of IC 3913 superposed on an r band gray scale
image. Contour levels are: 1.5, 2.4, 3.4, 4.3 and 4.9×1020 cm−2. The synthesized beam
shape is shown as hatched ellipse.
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Figure 5.14— g) H I surface density contours of FOCA 0834 superposed on an r band gray
scale image. Contour levels are: 1.1, 1.3, 1.5 and 1.7×1020 cm−2. The synthesized beam
shape is shown as hatched ellipse.

Figure 5.14— h) H I surface density contours of UCM 1256+2701 superposed on an r band
gray scale image. Contour levels are: 1.2, 2.8, 4.3, 5.9, 7.4 and 9.0×1020 cm−2. The synthe-
sized beam shape is shown as hatched ellipse.
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Figure 5.14— i) H I surface density contours of KUG 1251+284 superposed on an r band
gray scale image. Contour levels are: 1.2, 1.6, 2.0 and 2.4×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.

Figure 5.14— j) H I surface density contours of Abell 1656:[GMP 83] 6025 superposed on
a DSS-red gray scale image. Contour levels are: 1.0, 1.8, 2.5, 3.3 and 4.9×1020 cm−2. The
synthesized beam shape is shown as hatched ellipse.
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Figure 5.14— k) H I surface density contours of MAPS-NGP O 323 1382245 superposed on
an r band gray scale image. Contour levels are: 2.0, 2.6 and 3.3×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.

Figure 5.14— l) H I surface density contours of IC 0837 superposed on an r band gray scale
image. Contour levels are: 2.0, 2.6, 3.2 and 3.8×1020 cm−2. The synthesized beam shape is
shown as hatched ellipse.
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Figure 5.14— m) H I surface density contours of UGC 08017 superposed on an r band gray
scale image. Contour levels are: 1.9, 3.6, 5.4, 7.2, 8.9 and 10.7×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.

Figure 5.14— n) H I surface density contours of MAPS-NGP O 322 1506975 superposed
on an r band gray scale image. Contour levels are: 1.7, 2.2, 2.7 and 3.2×1020 cm−2. The
synthesized beam shape is shown as hatched ellipse.



CHAPTER 5. A BLIND H I SURVEY OF THE COMA CLUSTER OF GALAXIES 126

Figure 5.14— o) H I surface density contours of KUG 1250+276 superposed on an r band
gray scale image. Contour levels are: 1.6, 2.6, 3.7, 4.7 and 5.8×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.

Figure 5.14— p) H I surface density contours of KUG 1249+278 superposed on a DSS-red
gray scale image. Contour levels are: 1.6, 2.9, 4.1, 5.4 and 6.7×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.
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Figure 5.14— q) H I surface density contours of KUG 1249+272B superposed on a DSS-red
gray scale image. Contour levels are: 1.2, 1.7, 2.2 and 2.7×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.

Figure 5.14— r) H I surface density contours of UGC 08013 superposed on an r band gray
scale image. Contour levels are: 1.3, 2.7, 4.0, 5.4, 6.7 and 7.9×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.
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Figure 5.14— s) H I surface density contours of KUG 1248+276 superposed on an r band
gray scale image. Contour levels are: 1.8, 3.1, 4.4, 5.7, 7.0 and 7.5×1020 cm−2. The synthe-
sized beam shape is shown as hatched ellipse.

Figure 5.14— t) H I surface density contours of MAPS-NGP O 322 1651394 superposed on
an r band gray scale image. Contour levels are: 1.6, 2.9, 4.2, 5.6 and 6.9×1020 cm−2. The
synthesized beam shape is shown as hatched ellipse.
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Figure 5.14— u) H I surface density contours of MAPS-NGP O 322 1497182 superposed
on an r band gray scale image. Contour levels are: 2.0, 3.5, 4.9 and 6.2×1020 cm−2. The
synthesized beam shape is shown as hatched ellipse.

Figure 5.14— v) H I surface density contours of MAPS-NGP O 322 1647174 superposed
on an r band gray scale image. Contour levels are: 2.9, 3.8, 4.8 and 5.8×1020 cm−2. The
synthesized beam shape is shown as hatched ellipse.
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Figure 5.14— w) H I surface density contours of KUG 1246+276 superposed on an r band
gray scale image. Contour levels are: 2.9, 3.8, 4.8, and 5.7×1020 cm−2. The synthesized
beam shape is shown as hatched ellipse.

Figure 5.14— x) H I surface density contours of MAPS-NGP O 322 1646693 superposed on
an r band gray scale image. Contour levels are: 2.8, 4.0, 5.2, 6.4, 7.6 and 8.8×1020 cm−2.
The synthesized beam shape is shown as hatched ellipse.




