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4
H I follow-up observations

The WSRT CVn survey is a blind extragalactic survey carried out in the 21-cm
line using the Westerbork Synthesis Radio Telescope (WSRT) in the direction of the
Canes Venatici (CVn) groups of galaxies. Twenty detections from the WSRT CVn
survey have been selected for a follow–up programme in order to study their kinematic
properties into greater detail. The selection is based on their small H I masses and if
their optical image suggests that the inclination can be measured accurately. Data
for three more galaxies from the WSRT CVn survey have been collected due to their
proximity to the targeted objects. Here, we present WSRT H I follow-up observations
of these 23 galaxies and results from it. The H I parameters measured from the
follow–up studies agree well with the values of H I parameters of the same objects
obtained in the WSRT CVn survey. While the values of the integrated fluxes (Sint)
and recession velocities are the same within the errors, maxima in the spectra (Speak)
and profile widths show systematic differences due to the higher velocity resolution
in the follow-up data. The various distributions of the H I parameters constructed for
all 70 detections from the WSRT CVn survey by combining the follow–up data for 23
objects and the WSRT CVn survey for the rest of 47 objects follow the same trends
as the distributions made from the WSRT CVn data only. The position-velocity
diagrams constructed from the H I follow-up data show a clear sign of rotation for
most of the galaxies.
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4.1 Introduction
Two late type dwarf galaxies, the Magellanic Clouds, were the first extragalactic systems
mapped in H I (Kerr et al. 1954). The kinematics obtained led to an unmistakable
conclusion about their rotating nature (Kerr & de Vaucouleurs 1955). With the build-up
of synthesis radio telescopes in the late sixties and early seventies, detailed observations
of the kinematics of the H I gas in extragalactic objects became possible. The H I rotation
curves of the majority of spiral galaxies observed remained approximately flat out to the
last measured point, which extended far beyond the optical radius (Rogstad & Shostak
1972; Roberts & Rots 1973; Bosma 1978, 1981a,b). The observed shape of the rotation
curves of spiral galaxies together with the fact that the outer parts of these rotation
curves cannot be explained by the luminous mass (van Albada et al. 1985; Begeman
1987) led to the conclusions about the existence of dark matter.

To constrain the parameters of dark matter haloes the H I rotation curves of dwarf
irregular (dIrr) galaxies are especially useful, because they extend to large galoctocentric
radii, reaching very far out in the dark matter potential (Côté et al. 2000). However,
while the large spirals and large dIrr’s rotate, it is currently controversial whether faint
dwarf irregular galaxies show systematic rotation or not. For the lowest-mass H I–rich
dwarf galaxies it is not obvious what is the main source of support of the gas against
gravity (Young & Lo 1997).

Lo et al. (1993) used the Very Large Array (VLA) to map H I in nine faint dwarf
irregular galaxies (with MB ∼ −9 to MB ∼ -15). According to their analysis, in seven
of the nine observed dwarf galaxies the velocity fields of the H I gas were dominated by
chaotic motion rather than by rotation. A consistent conclusion has been drawn from the
study of kinematic properties of eight dIrr galaxies by Côté et al. (2000), but only for dIrr
galaxies around MB = −13. Dwarfs around this magnitude show a misalignment between
the kinematic and major optical axis, and the random motions provide an important part
of the dynamical support of a system. Côté et al. (2000) suggest a normal rotation only
for dwarfs brighter than MB = −14.

Recently, Begum et al. (2006, see also Begum et al. 2003 and Begum & Chengalur
2003, 2004) studied 10 extremely faint dwarf irregular galaxies (−13.37 < MB < −9.55),
using line 21-cm data with high velocity resolution. For eight of the galaxies, observations
have been obtained with the Giant Meterwave Radio Telescope (GMRT), for two of them
data were retrieved from the VLA archive. In contrast to previous detailed H I imaging
of dwarf galaxies, where the corresponding gas velocity fields are interpreted to be a
result of the chaotic motions, Begum et al. (2006) find a large scale ordered velocity field
for all of the galaxies studied. Still, the patterns in the velocity fields of the H I gas
do not appear to be produced (exclusively) by a rotating disc. For one of the galaxies
from the sample, GR8, a detailed study of the kinematics has been carried out (Begum
& Chengalur 2003). A reasonable fit can only be obtained by combining rotational and
radial gas motions.

Some of the galaxies are common to both the study of Lo et al. (1993) and of Begum
et al. (2006). From a comparison of the velocity fields obtained in the two studies,
it appears that the high sensitivity (14–18 hr integration time) and the high velocity
resolution (∼ 1.6 km s−1 as opposed to ∼ 6 km s−1 in Lo et al. 1993) achieved in the
work by Begum et al. (2006) are crucial for properly revealing the overall kinematic
patterns in such faint galaxies. Also, as Skillman (1996) pointed out, the observations
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by Lo et al. (1993) lacked the sensitivity to detect the faint, extended emission, which
could play an important role in the recognition of a large scale velocity gradient.

We have carried out a blind H I survey in the nearby Universe to make an inventory
of objects with H I masses below 108 M�. The survey has been undertaken in the region
of the Canes Venatici (CVn) groups of galaxies, using the Westerbork Synthesis Radio
Telescope (WSRT) to conduct the observations (from here on this survey will be referred
to as the WSRT CVn survey). Observations covered the area of about 86 deg2 on the
sky and up to ∼ 1400 km s−1 in depth. In total, we found 70 H I detections. A large
fraction of them are small systems: 37 have H I masses below 108 M� and 60 have profile
widths less than 130 km s−1, measured at 50% of the maximum in the global profile. In
order to survey a volume large enough for a statistical approach, the observations were
done with a relatively wide band. The final resolution in the velocity domain was about
33 km s−1. The B-band magnitudes from the HYPERLEDA database are available
for 43 of the WSRT CVn detected galaxies. Adopting the distances to the objects as
described in Chapter 3, the sample of galaxies detected in the WSRT CVn survey has
B-band magnitudes in the range from -21.4 to -11.5 mag.

The velocity resolution in the WSRT CVn survey is not sufficient to study the objects
with smallest H I masses and velocity widths in detail. Therefore, we selected a sample
of the WSRT CVn detections with small H I masses, whose optical counterparts appear
not to be a face–on galaxy, and observed them with much higher velocity resolution and
a sensitivity slightly higher than the sensitivity achieved in the WSRT CVn survey per
velocity resolution element. For 10 objects from the follow-up sample HYPERLEDA
B-band magnitudes are available. They range from -15.9 to -12.3 mag.

The new data enable us to study the detailed kinematics of the small H I objects
selected. In combination with data at optical wavelengths, the H I data will be used
to construct the Tully-Fisher (TF, Tully & Fisher 1977) relation. The TF relation, a
tight correlation between luminosity and velocity width was originally found for massive
spirals. With the advent of new observations, more faint galaxies and galaxies with
smaller rotation velocities have been included in the TF relation. At low-luminosity
(around Vrot = 90 km s−1) a break has been observed in the stellar TF relation: galaxies
with small rotational velocities appear to be under-luminous with respect to the stellar
TF relation established by larger galaxies (e.g. McGaugh 2005). Using the total baryonic
mass instead of the stellar luminosity, small galaxies can be brought back on the linear
TF relation, now called “baryonic” TF relation. Our sample will provide an excellent tool
to test the validity of the (baryonic) TF relation for the smallest galaxies. In addition,
the H I follow-up data and the optical data can be used to study the distributions of
gaseous, luminous and dark matter in these small galaxies.

In this chapter, we present the WSRT follow–up data of 23 galaxies detected in the
WSRT CVn survey. In Section 4.2, we discuss the sample selection, the observations, data
reduction and parametrisation of the detections. In Section 4.3, measured parameters
of the object are presented in tabular form, as well as various distributions of measured
properties constructed by using the combination of the new parameters for 23 objects
presented in this chapter and the parameters from the WSRT CVn survey for remaining
47 detections. In Section 4.4 we discuss the results obtained in the context of the kine-
matic properties of the detections and present a final summary. In Section 4.5, at the
end of this chapter, we present a 4-panel figure for each of the detections, containing the
H I contour map on the top of the optical counterpart of the detection, the global H I
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profile, the velocity field and a position-velocity diagram along the kinematic major axis.

4.2 WSRT follow-up observations
4.2.1 Sample selection
We selected 20 galaxies from the WSRT CVn survey for the H I follow-up studies. The
survey and the properties of the detections are described in full detail in Chapters 2 and
3 of this thesis. The objects for the H I follow-up studies have been selected based of their
H I mass and their optical appearance. First, all objects chosen for the follow-up studies
have H I masses around or below 108 M�. Second, the objects must not be face–on in
order to be able to measure their inclination reliably and to have a sufficient line of sight
projection to measure the velocity field properly. For the second selection criteria, the
optical counterparts of the H I detections on the Second Generation Digital Sky (XDSS)
images were inspected. Given that objects small in H I are physically small, very faint
and in most cases of irregular shape in the optical, the criterion to select fairly inclined
galaxies is subjective.

In Figure 4.1 we show which part of parameter space defined by all detections from
the blind survey is occupied by galaxies selected for the follow-up studies. We present
the distributions of the H I masses, profile widths, H I sizes and H I b/a ratios of the
objects selected for the follow-up studies as histograms together with the histograms of
the same parameters for all 70 objects detected in the WSRT CVn survey. The data
are taken from tables described and presented in Chapter 2 and Chapter 3. The objects
selected for the follow-up studies clearly have small H I masses, small velocity widths and
small physical sizes as compared to the majority of galaxies from the survey. Only the
H I axis ratios b/a, which are a measure of the inclination, cover almost the whole range
of possible values. This points to the differences in inclination estimates based on the
optical images and the inclination measured from the H I maps. The selected objects are
small in H I, and in the WSRT CVn survey these objects are marginally resolved. It is
therefore likely that the H I maps for the smallest objects do not reflect the true shape
of the objects.

4.2.2 Observations and data reduction
The observations of the selected galaxies were carried out with the WSRT in the spring
of 2005. Observations were done in mosaic mode, observing two pointings during a 12
hr night period. Each of the pointings was observed for 30 min before moving to the
second pointing observed during the same night. Exception are objects WSRT-CVn-31
and WSRT-CVn-34, which were observed during two different nights, for about 10.5
and 3.5 hr during each of them. Pointings were targeted on the positions of the H I
detections provided from preliminary analysis of the WSRT CVn data (position of the
pixel with maximum flux value). Galaxies observed during one night were selected to be
close to each other, to minimise telescope movement between the targets. We obtained
usable H I follow-up data for three additional galaxies detected in the WSRT CVn survey
because of their proximity to the objects targeted for the follow–up. In Table 4.1 we
specify the coordinates of the telescope pointings used for the H I follow-up observations,
accompanied by a note on the pairs of galaxies which were observed during the same



4.2: WSRT follow-up observations 127

night. It is also marked if there was a third galaxy in the field for which we obtained H I
follow-up data. Two standard calibrator-sources were observed at the beginning (3C147)
and at the end (CTD93) of each observing run. None calibrator was observed at the
beginning of the first night for a pair with the WSRT-CVn id’s 31 and 34.

For the observations, we used one 10 MHz wide band, containing 2048 channels. The
band was centred such as to observe the velocity range from approximately -400 to 1600
km s−1 covered in the WSRT CVn survey. Data calibration were carried out in MIRIAD,
while the data reduction and the analysis were done using both MIRIAD and GIPSY.
Different tasks were used from these packages, selecting the task from a package that
was most convenient for a given problem. In the following text we provide a detailed
description of the calibration, reduction and analysis process.

The raw data were acquired in uv format to be processed in MIRIAD. The observa-
tions taken during one night were split in two sets of uv data to contain only information
collected from the observation of a single pointing. We produced uv data files corre-
sponding to each of the sources listed in the first column in Table 4.1. In addition,
a separate uv data set was created for object WSRT-CVn-57, which is separated from

Figure 4.1: Histogram distributions of H I masses MHI , velocity widths measured at 50% of
the maximum in the global profile W50, H I sizes and b/a ratios. Empty histograms represent
distributions of 70 objects detected in the WSRT CVn survey. Shaded histograms correspond to
the distributions of the objects detected in the WSRT CVn survey and selected for the WSRT
follow-up studies.
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WSRT Right ascension Declination Vhel Partner Extra Vhel

CVn ID h m s d m s km s−1 km s−1

7 12 46 59.93 32 39 08.11 509 9
9 12 41 46.82 32 51 28.26 691 7
11 12 32 35.57 33 13 34.68 808 13 12 841
13 12 36 49.4 33 36 51.73 528 11
17 12 19 0.11 35 05 41.24 763 28
28 12 21 43.28 37 59 22.96 581 17
25 12 32 25.96 36 54 50.21 894 26
26 12 28 26.07 37 14 22.28 284 25 24 235
31 12 40 1.63 38 0 10.89 466 34
34 12 37 21.57 38 45 2.82 449 31
42 12 43 57.49 41 27 30.13 400 41
41 12 35 11.52 41 3 24.06 598 42
44 12 28 52.56 42 10 37.73 416 45
45 12 30 23.87 42 54 16.9 432 44
47 12 19 31.9 43 23 29.19 548 49
49 12 27 39.98 43 30 26.29 202 47
50 12 43 57.55 43 39 48.45 301 51
51 12 49 30.73 44 21 36.59 515 50
52 12 17 28.95 44 48 48.01 548 58
58 12 21 13.89 45 49 3.81 466 52 57 730

Table 4.1: Pointings of the targets selected for the H I follow-up studies. Parameters in the
table (right ascension, declination and heliocentric velocity) are obtained from the preliminary
analysis of the WSRT CVn survey data. The last two columns provide the WSRT CVn id and
heliocentric velocity of an additional object for which the follow–up data have been collected
due to their proximity to the target in the same row. If there is no additional detection, the last
two columns have been left empty.

the closest pointed detection by more than 260 km s−1 in the velocity domain. Due to
the computational limits of the MIRIAD task MFCAL used for the calibration of the
uv data, we calibrated only 512 observed frequency (velocity) channels, selected around
the channel of the velocity at which the H I flux obtained in the WSRT CVn survey
has a maximum. This velocity is given in column 4 of Table 4.1. We inspected the uv
data visually and we flagged data recognised as bad. For objects WSRT-CVn-31 and
WSRT-CVn-34, calibration was carried out separately for each of the observing nights.

We used the script developed for the reduction of the data collected for the WSRT
CVn survey to reduce the data from the H I follow-up observations (see also Section 2.2.3
on data reduction in Chapter 2). The script uses a number of MIRIAD programmes
and carries out the following steps. First the continuum is selected from the uv data
by fitting a second order polynomial to all channels without obvious line emission. The
continuum uv data are then Fourier-transformed to one 2-dimensional (Ra,Dec) plane.
The continuum sources were cleaned and used to self-calibrate the continuum uv data
in a number of iterations, repeated until continuum images of satisfactory quality were
obtained. The uv data corresponding to the 21-cm emission were created by subtracting
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the modelled continuum components from the uv data set observed, for each of the 21
sources for which the individual uv data files were created. The line uv data were Fourier-
transformed to produce 3-dimensional (Ra, Dec, V) datacubes. For objects WSRT-CVn-
31 and WSRT-CVn-34, the line uv data from two observational runs of each of the
individual objects were used jointly to carry out the Fourier-transformation. We used
the same weighting as in the WSRT CVn survey, which is proportional to r, developed
to account for the sparse uv sampling in observations carried out in mosaicing mode.
The pixel size used was 5 × 5 arcsec2. The line datacubes are 512 × 512 pixels2 in
size in (Ra, Dec) planes of constant velocity (frequency) and 512 velocity (frequency)
channels wide. Each of the channels is ∼ 5 kHz wide. The optical definition of velocity
Vo = c(ν0

ν −1) has been used, so the spacing between channels is not constant in velocity.
Still, due to the very high resolution in velocity and the relatively small velocity range
covered in each line datacube, neighbouring channels are separated by almost constant
increments of approximately 1.03 km s−1. Velocities are expressed in the barycentric
reference system. Noise in the datacubes is calculated in the two steps. First, we used
all pixels in the datacube to obtain preliminary rms deviation value. In the second step,
final noise estimate is calculated as the rms deviation using only the pixels with flux
values below absolute product of 5 times preliminary rms.

The next steps in data reduction applied to the line datacubes were carried out using
GIPSY. All line datacubes were Hanning smoothed using three neighbouring channels.
The objects selected for the follow-up studies have small H I fluxes and large parts of
them are barely visible in the line datacubes. To achieve a better signal to noise ratio,
line datacubes were smoothed further in the velocity domain. To find the optimum
between a higher signal to noise ratio and a sufficient velocity resolution for the objects,
smoothing was carried out with different kernels, depending on the profile width of the
objects. Datacubes were smoothed with a Gaussian with a FWHM of approximately 4,
6, 8, 10 or 12 channels in the case of the objects with profile widths between 40 and 60,
60 and 80, 80 and 100, 100 and 120, and larger than 120 km s−1, respectively. The aim is
to have at least 10 spectral resolution elements per profile width. The profile width used
was taken from the WSRT CVn line datacubes measured at 20% of the profile maximum
and not corrected for the resolution of the correlator nor for turbulent motions. After
Gaussian smoothing has been applied, only two channels per velocity resolution element
were kept. Consequently, the final velocity resolution is twice the value of the velocity
spacing. The final velocity spacing, the resolution in the spatial domain measured by
fitting a 2-dimensional Gaussian to the antenna pattern, and the 5σ limiting column
density per velocity resolution element are presented in Table 4.2.

The datacubes produced were cleaned in the masked regions using MIRIAD pro-
gramme CLEAN. The masks were created from the datacubes Gaussian-smoothed to
a spatial resolution of 60 × 60 arcsec2 by selecting pixels with flux values at least 2σ
flux that are connected to the detection. The clean components were RESTOREd with
a Gaussian fitted to the dirty beam for that particular pointing (fits to the beams are
listed in columns 2 and 3 of Table 4.2).

The subtraction of the continuum residuals in the 3-dimensional velocity smoothed
datacubes smoothed in the velocity domain was carried out using the GIPSY task CON-
REM. For this task channel maps were inspected visually to define the emission-free part
of the velocity range covered. A first order polynomial was fitted to the emission-free
part of the spectrum at the position of each pixel in the image and the fitted baseline
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WSRT Beama Beamb BeamPA ∆ v rms NHI,min × 1020

CVn ID arcsec arcsec deg km s−1 mJy Beam−1 atoms cm−2

7 29.6 11.8 0.1 5.2 0.86 1.4
9 29.8 11.7 0.0 3.1 1.08 1.1
11 29.4 11.8 -1.5 4.1 0.90 1.2
12 29.4 11.8 -1.5 4.1 0.90 1.2
13 29.1 11.7 -1.6 3.1 0.95 1.0
17 27.3 11.8 0.1 6.2 0.91 1.9
24 26.3 11.9 0.1 4.1 0.92 1.3
25 26.3 12.0 -0.1 2.1 1.13 0.8
26 26.3 11.9 0.1 4.1 0.92 1.3
28 25.3 11.9 0.1 3.1 1.02 1.2
31 29.1 10.2 -5.6 2.1 1.33 1.0
34 27.9 10.3 -5.5 2.1 1.31 1.0
41 24.1 12.1 0.0 3.1 0.91 1.1
42 23.4 12.3 0.0 2.1 1.06 0.8
44 23.0 12.4 -0.1 5.2 0.82 1.7
45 22.6 12.4 0.0 3.1 0.91 1.1
47 21.0 12.7 0.0 4.1 0.84 1.4
49 22.3 12.4 0.1 3.1 0.92 1.1
50 21.2 12.1 0.0 2.1 1.09 1.0
51 20.8 12.2 0.0 4.1 0.87 1.6
52 21.4 12.7 0.0 5.2 0.80 1.7
57 21.0 12.7 0.0 5.2 0.82 1.8
58 21.0 12.7 0.0 3.1 0.89 1.1

Table 4.2: Resolution of the datacubes produced. Column (1) contains the WSRT CVn index.
Beam parameters: major axis in arcsec, minor axis in arcsec and position angle in degrees are
given in columns(2), (3) and (4), respectively. The parameters have been estimated by fitting
a 2-dimensional Gaussian to the antennae pattern of the dirty beam. The velocity spacings of
the final line datacubes used for the analysis are given in column(5), expressed in km s−1. The
velocity resolution is twice this value. The rms noise in the datacubes is given in column(6). The
limiting column densities per velocity resolution element at 5σ level are presented in column(7)
in units 1020 atoms cm−2.

was subtracted.

4.2.3 Parametrisation of detections
It is common in the literature, that the masks produced from the smoothed datacubes
containing a signal greater than or equal to 2σ around the object of interest are used
to define the regions of the H I emission of that particular detection (mask-method, e.g.
de Blok et al. 1996). These regions are then used to calculate all H I parameters of the
detections, such as the integrated fluxes and the profile widths. A disadvantage of this
method is that it also includes positive 2σ noise peaks in the masks. While for the bright
H I sources the effect of the including positive noise peaks is negligible, this does not hold
any more for those objects for which the H I flux is small. Inclusion of only “positive”
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noise peaks above 2σ introduces a systematic overestimate of the total H I flux. For the
latter type of objects less biased estimates of the H I parameters can be obtained by
defining a box around the detections and using all pixels within the box to obtain the H I
properties of the object (box-method). We will demonstrate this using data from this
follow-up study.

We measured integrated H I fluxes Sint of 23 detections from the follow-up study
using both methods. For the first method, we created masks which correspond to the
2σ emission selected around the detections in the datacubes smoothed to the spatial
resolution of 60 × 60 arcsec2. The total flux was obtained by integrating the flux in the
datacubes non-smoothed in the spatial domain within the regions defined by these masks.
For the second method we manually defined boxes placed around the H I emission. The
sizes of the boxes were approximately of the same spatial size in physical units as the
boxes used for the box-method in the WSRT CVn survey (see Chapter 2). In the velocity
domain, the size of the boxes had to be adjusted when compared to the corresponding
values in the survey because of the much higher velocity resolution in the follow-up study
(up to approximately 8 times higher velocity resolution). The new size of the boxes along
the velocity-axis was determined from visual inspection of the region around the detection
in (Ra,Dec), (Ra, V) and (Dec, V) planes. The integrated flux was obtained with the
MIRIAD task MBSPECT integrating the flux in the region defined by the box. The flux
values in both methods have been corrected for the primary beam attenuation.

We qualitatively compare the values of the integrated H I flux from these two different
methods applied to the data from the follow–up study with each other and with the
integrated fluxes obtained from the WSRT CVn survey. The results are presented in
Figure 4.2. The integrated fluxes from the box-method are systematically smaller than
the corresponding fluxes obtained with the mask-method for 21 from 23 detections (top-
left panel in Figure 4.2).

In the survey we used both the box– and the mask–method to measure Sint values.
The masks used in the survey were defined for each of the pixels around the position
of a detection as 3.5 times the noise value in that pixel and then slightly modified to
account for the beam size (more details are given in Chapter 2). Note that in the survey
we use a simple model to estimate the noise in each pixel. There is no systematic offset
between the Sint measurements with the two methods used in the WSRT CVn survey
(see left panel of Figure 2.5 in Chapter 2). As the final Sint value in the survey we used
the average value of the fluxes measured in the box around the detection and the masked
region around the detection.

The integrated fluxes from the survey are smaller than the Sint values measured from
the follow-up study using the mask method for all but one of the objects (top–right panel
in Figure 4.2). The integrated fluxes measured in the box-method are scattered around
the Sint values from the WSRT CVn survey, with a slight offset toward higher flux values
in the follow-up work (bottom–left panel in Figure 4.2). We compare the integrated
fluxes from the survey and from the follow-up studies obtained using the box-method
only. These agree very well (bottom–right panel in Figure 4.2).

Based on the qualitative comparison of integrated fluxes measured with different
methods, we discard the mask-method as inadequate for the analysis of faint H I objects.
We therefore use the integrated fluxes obtained from the box-method in the follow-up
study, and use the corresponding H I profile to measure the peak value in the spectra
Speak and profile widths at the 20% and 50% level of Speak.
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Figure 4.2: Comparison of the integrated H I flux values. The top–left panel shows a com-
parison between Sint values from the follow–up studies estimated using the box-method vs. Sint

values estimated using the mask-method. A comparison between the Sint estimates from the
WSRT CVn survey and the follow–up study is presented in the rest of the panels. The top-right
panel shows Sint from the survey plotted against Sint obtained from the follow–up using the
mask-method , the bottom-left panel shows Sint from the survey vs. Sint from the follow–up
measurements with the box–method. The bottom–right panel presents a comparison of the Sint

values calculated using the box–method for the survey vs. follow–up estimates.

We used the MIRIAD task MBSPECT to measure these values, using the processes of
maximisation and minimisation. In the maximisation process the profile width has been
measured starting from velocities defining the box around a detection and searching the
spectra inward in velocity until the required fraction of the maximum in the spectra has
been reached. The profile width measurement in the minimisation process starts from
the velocity at which the object spectra has a maximum and proceeds outward until
the required percentage of the integrated peak flux has been reached. The profile width
at 20% (W obs

20 ) and at 50% (W obs
50 ) of the profile maximum of an object is calculated

as an average of the corresponding measurements from the processes of maximisation
and minimisation. There were 7 objects (objects with the WSRT–CVn indexes 7, 17,
25, 31, 34, 47 and 50) for which profile widths are different for the two processes used.
These differences can be inspected in the atlas presented in Section 4.5. We corrected
the profile widths W obs

20 and W obs
50 measured with MBSPECT for the finite resolution R
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of the instrument using

W res
20 = W obs

20 − 0.55R (4.1)

W res
50 = W obs

50 − 0.13R. (4.2)

These corrections are given by Bottinelli et al. (1990). We also applied these to the
data from the WSRT CVn survey. For the individual objects, these corrections were
calculated using different values of the resolution R, twice the velocity spacing (column 5
in Table 4.2) in the line datacube of each particular object. We do not correct the profile
widths for the turbulent motions of the gas. The standard procedure (see Chapter 2)
gives negative value for the profile width corrected for the turbulent motions for object
with the WSRT-CVn index 25. We will come back to this issue in Chapter 5.

The systemic velocity of the detection Vo has been calculated as the average value of
the centres of the four profile widths measured. Velocities are calculated in the barycen-
tric system and we transformed them to the Local Group frame using the correction from
Yahil et al. (1977)

VLG = Vo + 296 sinl cosb− 79 cosl cosb− 36 sinb (4.3)

where l and b are the galactic coordinates of the object. For four of the objects distances
have been measured using a primary distance indicator, and we obtained these from
the literature. For the remaining objects distances have been estimated from the VLG

measured in the follow-up observations, using D = VLG/H0, with H0 = 70 km s−1Mpc−1.
The uncertainties of the H I parameters derived as described above were estimated

from measurements repeated in boxes of different size. Five boxes of different dimensions
in the (Ra, Dec) plane were defined around each of the detections. Four boxes were larger
than the original box. The first one by 2 and 2 pixels in both Ra and Dec directions, the
second one by 4 and 4 pixels in both Ra and Dec directions, the third and the forth one by
2 and 4 pixels in Ra and Dec, and Dec and Ra directions, respectively. The fifth box was
smaller by 2 pixels than the original box in both Ra and Dec directions. The MIRIAD
task MBSPECT was used in a manner identical to the adopted parameter estimation in
the newly defined boxes around the detections. The errors in the parameters in the follow-
up studies were estimated by calculating the deviation of the five new measurements from
the adopted values

σ =
√

1/4× ΣN=5
i=0 (pari − parad)2. (4.4)

In the last equation, pari denotes one of the new measurements of the H I parameter par
which adopted value is parad.

To estimate the sizes of the objects, H I maps were created. For this purpose it is more
suitable to use the masked regions around the position of an object. We used previously
constructed 2σ masks defined around the detection in the datacubes smoothed to the
final resolution of 60 × 60 arcsec2. The masked regions were integrated along the velocity
axis to create the H I map. Because these masks included relatively large amounts of noise
for faint detections, the corresponding H I maps are also noisy. We used the MIRIAD
task IMFIT to fit 2-dimensional Gaussians to the H I maps. We measured the size of the
objects at an isophote of 1.25 × 1020 atoms cm−2. This level corresponds to a value of
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1 M� pc−2 in H I surface density for face-on objects. We also measured the centres and
the position angles of ellipses (or Gaussians) fitted to the objects.

The position-velocity (XV) diagram for each of the objects was created by calculating
a 2–dimensional slice through the cleaned 3-dimensional datacube along the kinematic
axis and along the velocity axis, centred on the position of the object obtained by IMFIT.
The kinematic axis for each object was determined by inspecting slices calculated for
varying position angles, each of them passing through the centre of the object. For this
we used the KARMA tool KPVSLICE. The axis for which the velocity gradient was
maximal (based on the visual inspection) was taken as the kinematic axis.

The velocity field defined by the H I emission was constructed by fitting single Gaus-
sians to the individual profiles in the datacube. We first calculated the first 3 moments of
the data in regions defined by the pixels in the 2σ masks. These estimates were then used
as the initial values in the GIPSY task GAUFIT. Gaussians were fit to profiles at the
pixels in which the flux value is at least 2 times the rms noise in the datacube. Only fits
which satisfy the following criteria were accepted: relative error of the profile amplitude
is less than 20%, error in the estimate of the profile centre is less than 15 km s−1 and
dispersion of the profile is less than 50 km s−1.

4.3 Results
4.3.1 Measured H I properties
We present the H I properties of the objects observed in Table 4.3 and Table 4.4. The
values of the parameters presented are obtained as described in the previous section.
Description of the columns is given below.

Table 4.3
Column(1): Identification of the object as given in the WSRT CVn survey.
Column(2): Designation of the counterpart of the H I detection from NED, using the
result of the cross-correlation procedure conducted in Chapter 2.
Column(3): Right ascension of the NED counterpart, given in J2000 in hr, min and
sec. For the objects not present in the available databases, the right ascension of
the centre of the Gaussian fitted to the H I map is given (objects WSRT-CVn-25 and
WSRT-CVn-42).
Column(4): Declination of the NED counterpart, given in J2000 in deg, min, sec. For
objects WSRT-CVn-25 and WSRT-CVn-42 the declination of the centre of the Gaussian
fitted to the H I map is given.
Column(5): Velocity in the Local Group frame, VLG in km s−1.
Column(6): Adopted distance to the object in Mpc.
Column(7): Flag indicating a previously known H I detection, according to the
literature. A previous detection in H I is indicated with 1; 0 means the object has been
detected for the first time in H I in the WSRT CVn survey.

Table 4.4
Column(1): Identification of the object as given in the WSRT CVn survey.
Column(2): Profile width measured at the 50% level W res

50 in km s−1 corrected for the
velocity resolution of the observations.
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Column(3): Uncertainty of W res
50 in km s−1.

Column(4): Profile width measured at the 20% level W res
20 in km s−1 corrected for the

velocity resolution of the observations.
Column(5): Uncertainty of W res

20 in km s−1.
Column(6): Integrated flux Sint in Jy km s−1, corrected for the primary beam
attenuation.
Column(7): Uncertainty of Sint in Jy km s−1.
Column(8): Peak in the global profile Speak in mJy, corrected for the primary beam
attenuation.
Column(9): Uncertainty of Speak in mJy.
Column(10): Major axis in arcsec, deconvolved with the beam.
Column(11): Minor axis in arcsec, deconvolved with the beam.
Column(12): Position angle in degrees, deconvolved with the beam.

At the end of this chapter we present an atlas of images created from the H I data.
For each of the objects studied one four-panel figure is presented.

The panel presented at the top-left shows an H I overlay over the optical XDSS B band
image. The contour levels represent H I column densities of 2,4,6,... × 1020 atoms cm−2.

The global H I profile is presented in the bottom-left panel. Points in the global
profile are constructed by integrating the flux in a box around the detection (created
with the MIRIAD task MBSPECT) in each (Ra, Dec) plane of the datacube. Fluxes
are corrected for the primary beam attenuation. Velocities are given in the barycentric
system. The dotted vertical lines correspond to the region in which the MBSPECT
analysis was carried out. The position of the peak in the integrated spectra is marked
with a solid circle. The open squares and crosses correspond to the position at 50% and
20% of the peak maximum when using the process of width-maximisation and width-
minimisation, respectively. The horizontal dotted line indicates the level of zero flux
density.

The top-right panel represents the H I velocity field. The grayscale corresponds to the
region where the velocity fit satisfied the given criteria. Continuous lines are isovelocity
contours. The thick black contour corresponds to the systemic velocity in the barycentric
system. The white thin contours and the darker grayscale correspond to the velocities
larger than the systemic velocity (in the case of rotation the receding side of the galaxy),
the black thin contours and the lighter grayscale correspond to the velocities smaller than
the systemic velocity (in the case of rotation the approaching side of the galaxy). Both
types of lines are plotted in steps of the velocity resolution for that particular object (2
times the value in column 5 in Table 4.2).

The XV diagram is shown in the bottom-right panel. Continuous white contours are
at levels 1.5, 3, 5, 7, 9, ... times rms noise in the datacube, calculated excluding the pixels
with emission larger than |5σ|. Dashed black contours correspond to the level at -1.5
and -3 times rms noise calculated as above. Velocities are presented in the barycentric
system. The vertical dashed line indicate the position of the centre of the 2-dimensional
Gaussian fitted to the H I map. The horizontal dashed line corresponds to the systemic
velocity of the object.
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4.3.2 Comparison of the follow-up data and the WSRT CVn sur-
vey data

The main goal of the follow-up observations was to achieve a higher velocity resolution of
the selected galaxies and get good insight into their kinematic properties. The integration
times of ∼ 6 hr per object in the follow-up studies were necessary to obtain a sensitivity
in each of the channels observed similar to the sensitivity achieved in the WSRT CVn
survey, where the total integration time per pointing was approximately 80.1 min and
the velocity resolution was about 33 km s−1.

In Figure 4.3 we show the relative differences between five parameters derived for the
sample of the H I objects in this follow-up studies and in the WSRT CVn survey, as a
function of the parameter value measured from the follow-up studies.

The differences in the integrated fluxes measured from the follow-up studies and from
the WSRT CVn survey span the range from -0.58 to 4.23 Jy km s−1, with a mean value
of the differences of 0.422 Jy km s−1. The mean difference in Sint is equal 1.35 times the
total uncertainty of the measured Sint, adding uncertainties from both the survey and
the follow–up studies. The uncertainties in the Sint values are estimated to be 0.240 Jy
km s−1 in the WSRT CVn survey and 0.072 Jy km s−1 in the follow-up studies (mean
value of the individual uncertainties given in column(7) in Table 4.4). Relative differences
between the Sint values measured in the follow-up studies and in the WSRT CVn survey
do not show a dependence on Sint.

We make a similar comparison for the objects for which the previous H I measurements
exist, using the Sint values from the HOMHI catalogue Paturel et al. (2003). There are
14 objects selected for the follow-up studies observed in H I previous to the WSRT CVn
survey. The mean difference between the follow-up integrated fluxes and the integrated
fluxes from the literature is 0.72 Jy km s−1. This positive offset between the integrated
fluxes from the WSRT CVn survey and the HOMHI catalogue values has been noted
before.

The differences between the integrated peak flux values in the follow-up work and
the WSRT CVn survey cover the interval from 0.003 to 0.225 Jy with a mean difference
of 0.033 Jy. All Speak values from the follow-up studies are larger than the Speak values
measured in the WSRT CVn survey. This is a result from the difference in velocity
resolution in these two studies. In the survey, the profile was smoothed over a much
larger velocity interval and the peak flux in the spectra therefore has a smaller value.

We use the MIRIAD task MBSPECT to measure the profile widths of the detections
both for the follow-up studies and the survey. We compare the profile widths measured
at 50% and 20% of the integrated peak flux for these two measurements, corrected for
the velocity resolution. The profile widths obtained in the follow-up studies with much
higher velocity resolution are smaller than the widths measured in the survey data for
most of the objects (there are 3 and 5 objects having measured larger velocity widths
at 50% and 20% respectively in the follow-up studies than in the survey). The relative
difference for the W res

50 and W res
20 values is most pronounced for the objects with small

values for W res
50 and W res

20 . The differences in the profile widths measured at 50% and
20% of the integrated peak flux in this studies and the WSRT CVn survey range from
-34.87 to 1.24 km s−1 and from -36.30 to 11.72 km s−1, respectively. Mean differences
are -11.17 km s−1 for W res

50 and -8.40 km s−1 for W res
20 . These large differences point out

that the correction used for the instrumental broadening may be inappropriate.
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Figure 4.3: Relative differences between the H I parameters of the detections from the follow-
up studies and the WSRT CVn survey. All but the second panel from the top show the differences
of the parameter values estimated in the follow–up studies and in the WSRT CVn survey di-
vided by a follow–up parameter value as a function of the follow–up parameter value: Sint(first
panel), Speak(third panel), W res

50 (forth panel), W res
20 (fifth panel) and VLG(sixth panel). The

relative difference between the Sint values from the follow–up and the HOMHI catalogue has
been presented in the second panel from the top. For the objects without the entry in the
HOMHI catalogue, Sint values have been indicated with the crosses using the zero value of the
relative difference in integrated fluxes.
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Recession velocities of galaxies have been estimated in the same way in the follow-up
studies and in the WSRT CVn survey. The differences range between -14.33 and 18.50
km s−1 and the mean difference is -2.88 km s−1. The differences are smaller than the
velocity resolution of ∼33 km s−1 in the WSRT CVn survey.

4.3.3 Distributions of the properties of the H I detections
In Figure 2.11 of Chapter 2 we presented the various bi-variate distributions of the
parameters measured for the detected objects from the WSRT CVn data. Parameters of
the detections fill only certain parts of the bi-parameter planes and show some trends. It
is of interest to check if these trends changed with the better estimates of the parameters
from the follow-up survey. A comparison between the distributions of the parameters
obtained from the WSRT CVn survey only and the follow-up data combined with the
WSRT CVn data presented here is qualitative in nature.

In Figure 4.4 we combine the data obtained from the follow-up studies for 23 detec-
tions with the data collected from the WSRT CVn survey for the remaining 47 detections
without H I follow-up data.

The log-log plot of Sint vs. Speak shows the same trend as the corresponding relation
constructed from the WSRT CVn data only – peaks in the integrated fluxes are smaller
for the smaller Sint values. The fact that most of the detections in the follow–up studies
have larger Speak values does not change the Sint– Speak relation already established.

The distribution of the parameters in the Sint–W res
50 plane reflects broadly that the

more massive galaxies have higher H I fluxes. It has to be kept in mind that the measured
fluxes have to be multiplied with the distance squared to account for the total H I mass.
The difference between the plot presented here and the corresponding plot in Chapter 2
lies in the corrections applied to the profile widths used. While in Chapter 2 we use
W50 corrected for the instrumental and thermal broadening, W res

50 values used here are
corrected only for the finite velocity instrument resolution. Still, the trends seen for the
WSRT CVn survey data based on the profile widths corrected only for the resolution
effects would be practically the same, given that all 70 detections in the WSRT CVn
survey have corrections for the turbulent motions that are less than 5 km s−1, while 47
of all detections have corrections smaller than 2 km s−1. The new Sint–W res

50 distribution
follows the same trend as revealed by the survey data only, but it extends to the lower
profile widths and lower integrated fluxes obtained for the objects in the follow–up study.

We estimate new H I masses for 23 detections for which fluxes are available from
the follow-up studies. The H I mass of the individual detection, expressed in M� units,
has been estimated using the formulae MHI = 2.356 × 105×d2 × Sint. Here, d is the
distance to the object in Mpc (column(6) in Table 4.3), and Sint is the integrated flux
expressed in Jy km s−1 (column(6) in Table 4.4). For the majority of the detections
distances have been estimated from their velocities in the Local Group frame, assuming
the objects take part in the general Hubble flow. For 3 objects, we used independently
estimated distances from the literature. In Chapter 3 we provide a detailed description
and justification of the usage of the Hubble flow to derive the distances of objects with
small recession velocities measured.

The histogram distributions of the H I masses of all the objects detected in the WSRT
CVn survey are presented in Figure 4.5. The histogram presented with a continuous
line has been made using the H I masses obtained from the WSRT CVn survey. The
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Figure 4.4: Bi-variate distributions of selected parameters for objects detected in the WSRT
CVn survey. For objects observed with higher velocity resolution, new data have been used.
These objects are presented with solid symbols in the plots. For the rest of the detections, data
from the WSRT CVn survey have been used. They are shown with open symbols.

histogram presented with a dashed line has been made using the combination of the H I
masses from the follow-up studies for 23 objects and the H I mass estimates from the
WSRT CVn survey for the rest of 47 detections. The objects selected for the follow-up
studies have H I masses which fall in the lower part of the constructed histogram of the
H I masses. The follow-up studies and the survey have a similar sensitivity per adopted
channel spacing and there is no systematic offset between the survey and the follow-up
measurements of Sint and VLG, which were used both or only Sint to calculate new H I
masses. There is a slight shift in the number distribution of objects with different H I
masses.

Integrated fluxes and velocities estimated from the follow-up studies agree well within
the uncertainties with the integrated fluxes and velocities measured in the WSRT CVn
survey. This causes small differences in the H I mass values obtained from the follow-up
and the survey. For completeness, we investigate whether the new estimates of H I masses
derived from the follow-up observations affect the H I mass function (H IMF) derived from
the blind WSRT CVn survey. We construct the new H IMF function combining the mass
and the distance estimates of 23 objects from the follow-up observations and the mass
and the distance from the WSRT CVn survey for the rest of the total 70 objects detected
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Figure 4.5: Histogram distribution of H I
masses. Distribution of MHI values esti-
mated by combining the follow-up data for
23 detections and the WSRT CVn survey
data for 47 detections are presented with
the dashed line. Histogram distribution of
MHI values from the survey measurements
only are presented with the continuous line.

in the WSRT CVn survey. We use the Schmidt (1968) method to estimate the H IMF,
which consists of a summation in the mass bins of the inverse values of the maximum
volume in which an object can be placed and still remain within the detection limit
of the observation. We used the minimum integrated flux Sint = 0.2 Jy km s−1 and
the adopted bandwith of the WSRT CVn survey of 19.24 Mpc to derive the maximum
volume in which the object can be detected, the same values as used to derive the H IMF
in Chapter 3.

We present the new estimate of the H IMF in the left panel of Figure 4.6 (crosses).
The errors of the measurements in each bin have been estimated using Σ(1/V 2

max). The
H IMF estimated with the same method, but using only the WSRT CVn data, is presented
with empty circles, without errors. There is an excellent agreement between these two
H IMF estimates. All differences lie within 1σ errors of the new H IMF estimate, and
we observe the difference between the two measurements in the second and third lowest
mass bins. The Schechter function φ(MHI) = dN

d log(MHI) = ln(10)φ∗MHI

M∗

α+1
exp(−MHI

M∗
)

has been fit to the H IMF data points. The best-fit Schechter function to the H IMF
from the combined sample is slightly flatter (α = -1.01−0.92

−1.08 than the best-fit Schechter
function to the H IMF estimated from the survey data only (α = -1.08−1.00

−1.14), not taking
the completeness of the WSRT CVn survey into account.

We investigated the completeness of the survey in Chapters 2 and 3 using the sim-
ulated H I objects. Completeness of the survey has been defined as a fraction of the
simulated objects recovered from the datacubes, using search criteria identical to the
search criteria used in the WSRT CVn survey and using the same parametrisation as
for the real detections. The analytical form of the completeness has been derived as
a function of the Sint value of the object inserted in the datacubes. The H IMF esti-
mate, accounting for the completeness of the survey, has been derived using the Schmidt
method, multiplying the maximum volume in which an object can reside with the com-
pleteness derived for the Sint value measured for that object. One of the detected objects
had a completeness value below zero, and it was discarded from the H IMF estimates.
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Figure 4.6: The left panel shows the H IMF estimates from the follow–up and survey data
combined (crosses) and from the survey data only (circles). The right panel shows the H IMF es-
timates corrected for the incompleteness estimated from the follow-up and survey data combined
(crosses) and from the survey data only (circles). The value of the completeness correction for
each detection is adopted from the WSRT CVn survey. The dotted and continuous line represent
the best fit Schechter function to the combined sample and to the survey data, respectively in
both panels. Errors are represented only for the H IMF estimated from the combined sample.

We considered the H IMF corrected for the completeness effects as our final result. The
H IMF corrected for the incompleteness is presented with open circles and the Schechter
function constructed with the best-fit parameters to these points is presented with the
continuous line in the right panel of Figure 4.6. A more detailed discussion of the H IMF
derived from the WSRT CVn survey has been given in Chapter 3.

Next we assume that the completeness corrections derived for the detections, using
the Sint values from the survey, are valid for detections in the sample combined from the
follow-up and the survey data. In this case, the slope of the H IMF from the combined
sample (α = -1.02−0.93

−1.09) becomes shallower by 0.15, with respect to the H IMF estimated
from the survey (α = -1.17−1.10

−1.24). The direction of the change is consistent with the result
from Monte Carlo simulations, when adding uncertainties to the integrated flux values
(Section 3.4.5 in Chapter 3). The change of the slope is larger than in the simulations.
This is not too surprising knowing that the simulations were run with the uncertainty in
the integrated fluxes measured from the survey. The mean difference between integrated
fluxes from the follow-up and from the survey, available for 23 detections, is 1.35 times
the uncertainty from the survey and the follow-up study together. While there is 1σ
agreement between the H IMF derived directly from the combined sample and the H IMF
from the survey, the difference is much larger when the two H IMFs are corrected for
incompleteness. This difference probably reflects the inadequacy of the completeness
correction to the combined data. We consider the H IMF estimated in Chapter 3 as our
final result (represented by the continuous line in Figure 4.6).
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4.4 Discussion and conclusions
Galaxies selected from the extreme faint-end of the luminosity and/or H I mass functions
provide an excellent tool to study the theories of galaxy formation and evolution. Because
of their extreme properties, the smallest galaxies are very difficult to detect, and studies
at all wavelengths are limited to the very nearby Universe. In addition our knowledge
about the nature of these smallest galaxies is limited by the quality of the observations.
For example, for the smallest H I rich galaxies the issue of whether they are rotationally
supported is still under debate. Some of the studies point out that the velocity resolution
(e.g. Begum et al. 2006) and/or sensitivity (Skillman 1996) of the H I observation may
play a critical issue in revealing the rotational component in the velocity field pattern of
those H I smallest galaxies.

Encouraged by these conclusions, we obtained sensitive observations with high veloc-
ity resolution of 23 H I faint galaxies detected in the WSRT CVn survey in order to study
their kinematic properties in detail. The noise obtained in the high velocity resolution
datacubes is approximately of the same level as the noise reached in the datacubes from
the survey per adopted channel width. The velocity resolution in the datacubes used for
the data analysis goes ranges 4.1 to 12.4 km s−1 compared to the 33 km s−1 used in the
WSRT CVn survey.

The galaxies studied by us represent a unique sample of very low H I mass galaxies
at distances beyond 5 Mpc (20 of the galaxies from our sample have adopted distances
larger than 5 Mpc). Lo et al. (1993) studied a few galaxies at distances smaller than 5
Mpc. The galaxies studied by Côté et al. (2000) reside in the Sculptor and Centaurus A
groups of galaxies at distances of 2.5 Mpc and 3.5 Mpc, respectively. The most distant
galaxy from the sample of Begum et al. (2006) is at 4.21 Mpc.

In this work we do not make an attempt to derive a rotation curve for any of the
observed galaxies. We will discuss the rotation properties of galaxies inferred from their
global profiles, velocity fields and XV diagrams (presented in Section 4.5) and compare
them with the global profiles and XV diagrams produced from the survey data for the
same galaxies. For simplicity, in the following discussion we will refer to the detections
using only their WSRT-CVn indexes.

Profile width, measured from H I global profile, is widely used as a measurement of
the rotation velocity of a galaxy. This is an accurate estimate of the rotation velocity
for spiral galaxies, but this is less clear for dwarf galaxies. Global H I profiles are a
result of the convolution of a velocity field with a gas distribution in the object. The
global profiles of spiral galaxies whose kinematics is dominated by rotation are double-
horned, indicating the flat extended part of a rotational curve. Dwarf (irregular) galaxies
are characterised by global H I profiles of Gaussian shape. It is possible to produce a
Gaussian profile from a rotating galaxy, but the information obtained from the Gaussian
profile itself is not sufficient to conclude that rotation dominates the gas motions in
dwarfs Skillman (1996).

There was only one galaxy selected for the follow-up observation with a double-horned
global profile. That was the galaxy with id 7, and the double-horned shape of the profile
of this detection has been confirmed with the follow-up observations. A change of shape
of the profile of a galaxy from Gaussian in the survey data to double-horned in the follow-
up data has been clearly seen for detections with id’s 26, 52 and 57. There is a tentative
indication for a similar change for the objects with id’s 12 and 28, and perhaps with id’s
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13, 17 and 44.
After a first inspection of the XV diagrams produced from the follow-up data and the

survey data, the improvement of the structures seen in the XV diagrams is obvious, as
well as the obvious gradient in velocity seen for almost all of the detections. To be more
precise, this gradient has been already seen (sometimes only an indication) in the WSRT
CVn survey data for objects numbered 7, 9, 12, 24, 26, 41, 44, 45, 49, 52, 57 and 58.
Now, with the follow-up data this group of galaxies with a well defined velocity gradient
in the XV diagram can be extended with objects 11, 13, 17, 42, 47, 50 and 51. Galaxies
with indexes 25, 31 and 34 do not show any gradient in velocity in neither case. These
galaxies are just too faint and too small.

In addition, we constructed the velocity fields of the H I gas using the follow-up data.
Velocity fields which show an ordered component, indicating rotation, are galaxies with
id’s 7, 11, 12, 13 (possible), 17, 24, 26, 28, 44, 45, 47, 49, 51, 52 and 57. Five galaxies
in our sample appear to be dominated by chaotic motions instead of rotation. Those
are the galaxies with id’s 9, 41, 42, 50 and 58. Similar to the conclusion obtained from
the XV diagrams, galaxies with indexes 25, 31 and 34 are too small to draw a definite
conclusion about their kinematic properties from the velocity fields.

Using the global profiles, XV diagrams and the velocity fields of the H I gas, we can
divide the observed galaxies in three different groups with respect to their kinematic
properties. The majority of galaxies from the follow-up studies, 20 of them, show a clear
sign of a velocity gradient (or rotational support) from at least the XV diagram, and
in 15 cases also from the velocity field. Combining the shape of the global profile and
the XV diagrams, there is an indication that a flat part of a rotation curve has been
reached, at least at one side, for 6 detections. Using the follow-up data, we detect a sign
of rotation for 7 detections for which rotation is not visible in the survey data.

To conclude, in this Chapter we have presented results from the high velocity res-
olution WSRT 21-cm synthesis imaging data for 23 objects selected from the WSRT
CVn survey. These objects have been selected for the follow-up studies based on their
small H I masses obtained from the preliminary results from the WSRT CVn survey, and
measurable inclination as concluded from the optical images.

The H I parameters obtained from the follow–up studies show the expected trends
when compared to the H I properties of the same objects measured in the survey. Quan-
titatively, we study the relative differences between the H I parameters measured in the
follow-up studies and in the survey as a function of the parameters obtained from the
follow-up. The relative differences of Sint and VLG parameters are scattered around zero,
and the differences are noise dominated. The average difference in Sint values is equal to
1.35 times noise uncertainty added from both measurements. Due to the higher veloc-
ity resolution, Speak values in the follow–up studies are systematically larger than Speak

measurements obtained in the survey. The profile widths W res
50 and W res

20 are smaller for
detections with small profile widths than measured in the WSRT CVn survey.

The bi–variate distributions of the H I parameters constructed by combining the new
measurements for 23 objects and the survey measurements for the remaining 47 objects
show the same trends as the distributions constructed using the parameters from the
survey only. The H IMF constructed by combining the data from the follow–up study
and the survey agrees within the 1σ errors with the H IMF estimate using the survey
data only. However, applying the same completeness correction to the combined data, the
best-fit Schechter function steepens by 0.15 with respect to the adopted best-fit Schechter
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function constructed from the WSRT CVn survey.
From the figures containing global profiles, XV diagrams and velocity fields of the H I

gas, we conclude that 20 of the detections show a presence of rotation component. For 7
of these detections, velocity gradient have not been seen in the WSRT CVn survey data.

4.5 Atlas of the detections
In this Section we present the 4–panel figures for each of the 23 detections studied.
Individual panels have been described in Subsection 4.3.1. The top-left panel shows the
H I contours of the detection on top of the B band optical counterpart obtained from the
XDSS database. Velocity field of a detection has been presented on the top-right, global
H I profile on the bottom-left and XV diagram on the bottom-right.

When comparing the results presented in figures in this Chapter in Section 4.5, and
at the end of Chapter 2 in Section 2.7, it should be kept in mind that datacubes used for
the data analysis have been given with respect to different centres of coordinate systems
and using different definitions of velocity. The velocities presented in Section 2.7 in
Chapter 2 are given in the topocentric coordinate system, using the radio definition of
velocity. Velocities in the Figures presented here are given in the barycentric coordinate
system and use the optical definition of velocity. Data in the individual channels in
the follow-up data are more noisy, what is especially visible in the global profiles of the
datacubes produced with the highest velocity resolution.
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WSRT-CVn-7

WSRT-CVn-9
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WSRT-CVn-11

WSRT-CVn-12
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WSRT-CVn-13

WSRT-CVn-17
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WSRT-CVn-24

WSRT-CVn-25
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WSRT-CVn-26

WSRT-CVn-28
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WSRT-CVn-31

WSRT-CVn-34
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WSRT-CVn-41

WSRT-CVn-42
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WSRT-CVn-44

WSRT-CVn-45
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WSRT-CVn-47

WSRT-CVn-49
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WSRT-CVn-50

WSRT-CVn-51
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WSRT-CVn-52

WSRT-CVn-57
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WSRT-CVn-58
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