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Chapter 2
An H i-selected early-type galaxy
sample

In this chapter we describe the sample of early-type galaxies (ETGs) analysed in the
thesis. The main purpose is to give an idea of the range of properties covered in this

work, and look for biases that could be relevant for the analysis of the relation between
stellar and H i properties presented in following chapters. We discuss the sample selection
in Sec.2.1, analyse how the sample populates the parameter space in Sec.2.2, and describe
the neutral-hydrogen gas distribution around individual galaxies in Sec.2.3. We conclude
with a brief summary.

2.1 Sample selection
In order to test whether there is a relation between ETG stellar and H i properties, we
selected a sample of 39 galaxies classified as early-type and covering a range of H i mass,
morphology and kinematics. The selection is based on radio interferometric observa-
tions because single-dish data, available for a larger number of galaxies, do not provide
accurate enough spatial and kinematical information on the neutral-hydrogen gas dis-
tribution. In fact, they are often not even suitable to establish whether the detected
H i is associated with the targeted galaxy rather than a neighbour (e.g., Oosterloo et al.
2007b). Galaxies were therefore chosen among the (relatively few) objects with available
21-cm interferometric data, including both detected and non-detected galaxies. Below is
a description of the observations from which galaxies were selected.

2.1.1 HIPASS and the southern sample
Ten galaxies in the sample belong to the southern hemisphere. We selected them from
Oosterloo et al. (2007b; hereafter OMSHS07), an H i study of 54 ETGs detected in the
H i Parkes All Sky Survey (HIPASS; Meyer et al. 2004). HIPASS is an H i single-dish
survey of the entire southern sky with an rms noise level of 13 mJy/beam over 18 km/s
and a beam of 15 arcmin. OMSHS07 selected all ellipticals and half of the lenticulars
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detected by HIPASS south of DEC=-30◦ for interferometric follow-up. Concerning the
lenticulars, preference was given to those for which more than one galaxy is present in
the Parkes beam. This was motivated by interest in assessing the effect of confusion
on the HIPASS detection-rate. OMSHS07 followed up the selected ETGs (except 12
for which interferometry was already available) with short Australia Telescope Compact
Array (ATCA) integrations. The typical integration time was of ∼2 hours per galaxy
and the rms noise level 1-4 mJy/beam at a velocity resolution of 26 km/s after Hanning
smoothing. Observations were performed using the 375-m configuration, resulting in
a beam size of about 130×100 arcsec2 FWHM. Given the limited HIPASS sensitivity,
OMSHS07 selection resulted in a sample biased towards very large H i masses (M(H i)≥
109 M�).

In 20 of the 30 confirmed detections OMSHS07 found the H i distributed in a low col-
umn density disk- or ring-like structure centred on the optical galaxy. Most of these large
structures have regular kinematics, and their relatively high incidence and characteristics
represent the most important result of OMSHS07. A smaller group of detections showed
tail-like gas distributions pointing away from the galaxy or towards it from a nearby
companion. Another small subset of galaxies showed cloud-like H i structures detected
(many tens of kpc) away from the target with no obvious optical counterpart but with
velocities similar to the systemic of the target galaxy.

We selected eight H i-detected and two H i-non-detected galaxies from OMSHS07
(the former are ESO 0921-21, ESO 140-31, ESO 381-47, IC 4200, IC 4889, NGC 1490,
NGC 1947 and NGC 3108; the latter are NGC 2434 and NGC 2904). Two of them had
previously been studied by Oosterloo et al. (2002) with deep ATCA data (NGC 1947
and NGC 3108). Interferometric observations of the remaining eight objects are the
one presented in OMSHS07. We followed up four H i-rich galaxies with deeper ATCA
interferometry in order to obtain more accurate information on the neutral-hydrogen
distribution. These are IC 4200 (discussed in Chapter 3), ESO 092-21, ESO 140-31 and
ESO 381-47 (new ATCA observation of these three objects is presented in Chapter 5).

2.1.2 Northern sample
Many of the 29 northern galaxies were selected on the basis of systematic H i surveys
carried out with different goals and based on different selection criteria. We note that
some galaxies selected for our investigation were studied in more than one of the works
cited below, in which case we took the best available data.

Six objects were taken from Dĳkstra (1999), who observed with the Very Large Ar-
ray (VLA) 15 ellipticals known not to exhibit morphological fine structure. The aim of
his investigation was to test whether optically-unperturbed systems are less likely to be
detected at the 21-cm wavelength as suggested by Roberts et al. (1991). Galaxies were
selected among those detected by Huchtmeier (1994) and Huchtmeier et al. (1995) with
the 100-m Effelsberg single dish. This set a lower limit on M(H i) of a few times 108

M�. Dĳkstra (1999) used the VLA in the D and DnC compact configurations. This
resulted in a beam size of about 1 arcmin FWHM. The typical integration time was of
3 hours per galaxy and the rms noise level 0.2-0.4 mJy/beam at a velocity resolution of
42/21 km/s for the D/DnC configuration. The result of these observations was a detec-
tion rate comparable to the one of shell ellipticals. Pending uncertain selection effects,
this led Dĳkstra to conclude that the environment, and not the level of morphological



2.1: Sample selection 25

disturbance, is the main factor in determining whether a galaxy is H i-rich or H i-poor.
H i morphology and kinematics also replicate the variety observed around shell ellipticals
and cover a wide range of gas settling level. We selected from this work the detected
galaxies NGC 2534, NGC 2810 and NGC 7619, and the undetected NGC 1426, NGC
1439 and NGC 7626.

Five galaxies were taken from Morganti et al. (2006), a deep Westerbork Synthesis
Radio Telescope (WSRT) H i survey of a small, field sub-sample (12 galaxies) of the
SAURON sample of ETGs (de Zeeuw et al. 2002). Galaxies were not selected on the
basis of previous single-dish observations so that their sample is not biased towards large
H i masses. All galaxies were observed for 12 hours and detections were followed up with
additional 3×12-hour integrations to derive accurate kinematics. In these cases the noise
is of ∼0.3 mJy/beam with typical beam size of 40 arcsec FWHM and velocity resolution
of 16 km/s. Thanks to the depth of their observations Morganti et al. (2006) detected
9 of the 12 galaxies (75% detection rate). As in other works, the H i was found in a
variety of morphologies going from regular disks or rings to scattered gas clouds. We
selected from this work the detected galaxies NGC 2768, NGC 4278 and NGC 7332, and
the undetected NGC 2549 and NGC 7457.

Five objects were taken from Sansom et al. (2000), who studied the correlation
between H i gas, X-ray luminosity and optical fine-structure index Σ (measured by
Schweizer & Seitzer 1992) in a sample of ∼70 field/loose-group ETGs. This work drew
from a number of individual H i studies. However, H i data for the five galaxies that we
selected are not published elsewhere. These galaxies are NGC 0596, NGC 0636, NGC
2300, NGC 7585 and NGC 7600 and are all not detected in H i. They were observed
by David Schiminovich and collaborators with the VLA as part of a program aimed at
studying the H i properties of shell ETGs. Observations were carried out in a similar
fashion as in Dĳkstra (1999).

Three targets were selected on the basis of Hibbard & Sansom (2003) observation
of five fine-structure ETGs belonging to Sansom et al. (2000) sample. This work aimed
at studying the H i product of intermediate-age gas-rich mergers selected on the basis
of their optical fine-structure index Σ. As in Dĳkstra (1999), observations were carried
out in the compact VLA configuration with integration time of ∼2 hours per galaxy.
Typically, the beam size was 60×50 arcsec2 and the rms noise level 0.6 mJy/beam at
a velocity resolution of ∼10 km/s (lower than in Dĳkstra 1999). In only one case the
(tentatively) detected H i was associated with the targeted galaxy. We selected from this
work NGC 3610, NGC 3640 and NGC 5322, all non detected.

The remaining ten galaxies were selected from studies of individual objects as specified
in Table 2.1. These are NGC 3998, NGC 4026, NGC 4125, NGC 4406 (M 86), NGC 4472
(M 49), NGC 5018, NGC 5173, NGC 5903, NGC 3193 and NGC 7052 (the last two are
not detected in H i). Most of these works are follow-up observations of previous H i
detections or attempts at detecting gas expected to be hosted by the galaxy because
of some other properties (e.g., large 100 µm flux or optical signatures of recent gas
accretion).



26
chapter

2:
A

n
H

i-selected
early-type

galaxy
sam

ple
Table 2.1: Sample properties

galaxy type T d MB B − V σRe/16 Σ F (H i) M(H i) µHI log10LX M(H2) ε3 environment references
(Mpc) (km/s) (Jy·km/s) (109M�) (erg/s) (108M�) (Mpc)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

ESO 092-21 E-S0 -3.0 30.6 -19.39 - 86 - 25.3 5.6 4 - - 0.93 b,d,C5
ESO 140-31 E -4.8 47.2 -20.05 - 163 - 3.1 1.6 4 - - 0.59 IC 4719 (3) b,d,C5
ESO 381-47 S0 -1.8 63.7 -19.76 0.99 188 - 8.6 8.2 3 - - 0.91 pair ESO 381-46 b,d,C5
IC 4200 S0 -2.0 63.7 -21.48 - 268 - 12.0 11.5 3 - - 1.40 b,d,C3
IC 4889 S0 -4.5 29.2 -20.53 0.96 176 - 7.1 1.4 3 <40.8 - 1.68 a,c,e
NGC 0596 E -4.3 21.8 -20.03 0.95 170 4.60 - <0.02 - <39.6 - 0.16 NGC 0584 (9) b,c,g
NGC 0636 E -4.8 29.8 -20.16 0.96 184 1.48 - <0.04 - <40.4 <0.25 0.84 NGC 0584 (9) a,c,g,u
NGC 1426 E -4.6 24.1 -19.71 0.93 157 - - <0.04 - <40.1 - 0.25 Eridanus (51) b,c,h
NGC 1439 E -4.7 26.7 -19.99 0.90 156 - - <0.04 - <40.2 - 0.42 Eridanus (51) b,c,h
NGC 1490 E -4.8 74.8 -21.13 1.08 311 - 5.7 7.4 1 - - 2.50 (3) b,d,e
NGC 1947 S0 -2.8 14.3 -19.39 1.05 150 - 3.0 0.14 4 <40.1 2.97 0.93 a,d,f,v
NGC 2300 E -3.4 26.4 -20.38 1.06 291 2.85 - <0.03 - 41.1 - 0.33 (8) a,d,g
NGC 2434 E -4.8 21.6 -20.41 1.09 235 - - <0.1 - 40.3 - >1.89 NGC 2442 (6) a,c,e
NGC 2534 E -4.9 48.3 -19.99 0.86 165 - 1.4 0.76 2 - <2.4 1.94 pair UGC 4280 b,d,h,x
NGC 2549 S0 -2.0 12.6 -18.70 0.96 150 0.00 - <0.002 - - <1.0 0.89 a,c,i,y
NGC 2768 S0 -4.3 22.4 -21.15 0.96 208 0.00 1.5 0.18 1 40.4 0.4 1.10 (5) a,c,i,y
NGC 2810 E -4.8 50.8 -20.57 1.07 248 - 1.2 0.72 3 - - 0.25 b,d,h
NGC 2904 E-S0 -3.2 23.6 -18.93 1.08 238 - - <0.2 - <40.2 - 0.12 b,c,e
NGC 3108 S0-a -1.1 40.6 -20.65 1.08 233 - 6.9 2.7 4 - - 0.35 b,d,f
NGC 3193 E -4.8 34.0 -20.80 0.96 213 0.00 - <0.03 - 40.4 <1.0 0.16 HCG 44 (8) a,c,j,u
NGC 3610 E-S0 -4.2 21.4 -20.10 0.84 174 7.60 - <0.009 - 39.6 - 0.39 NGC 3642 (5) a,c,k
NGC 3640 E -4.8 27.0 -21.04 0.94 203 6.85 - <0.02 - 40.1 - 0.35 (3) b,c,k
NGC 3998 S0 -2.1 14.1 -19.43 0.97 300 0.00 6.4 0.30 4 41.3 - 0.34 Ursa Major (58) a,c,l
NGC 4026 S0 -1.8 13.6 -19.08 0.97 194 - 51.3 2.2 2.5 - 0.7 0.27 Ursa Major (58) a,c,m,w
NGC 4125 E-S0 -4.8 23.9 -21.36 0.94 248 6.00 0.2 0.027 1 40.9 0.9 0.66 (4) a,c,n,w
NGC 4278 E -4.8 16.1 -20.13 0.96 283 1.48 11.4 0.69 2.5 40.4 0.3 0.18 Coma I (27) a,c,i,y
NGC 4406 E -4.7 17.1 -21.46 0.94 262 - 1.22 0.083 1 42.1 <0.3 0.12 Virgo A (159) b,c,o,x
NGC 4472 E -4.8 16.3 -21.91 0.98 306 - 0.73 0.045 1 41.5 - 0.16 Virgo B (52) b,c,p
NGC 5018 S0 -4.6 46.1 -22.09 0.96 221 5.15 1.9 0.94 2 <40.9 <4.3 0.32 (3) a,d,q,z
NGC 5173 E -4.7 38.4 -19.69 0.89 118 - 4.7 1.6 3 <40.4 - 0.23 NGC 5198 (4) b,d,r
NGC 5322 E-S0 -4.8 31.2 -21.51 0.90 251 2.00 - <0.02 - 40.3 - 0.23 (4) a,c,k

Continued on next page
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galaxy type T d MB B − V σRe/16 Σ F (H i) M(H i) µHI log10LX M(H2) ε3 environment references
(Mpc) (km/s) (Jy·km/s) (109M�) (erg/s) (108M�) (Mpc)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

NGC 5903 E-S0 -4.6 33.9 -21.13 1.11 225 - 3.4 0.91 2 <40.6 - 0.16 (3) a,c,s
NGC 7052 E -4.8 65.5 -20.97 0.97 327 - - <0.065 - - <1.9 2.98 b,d,t,x
NGC 7332 S0 -2.0 23.0 -20.01 0.91 147 4.00 0.05 0.006 1 <40.4 <2.6 >2.01 pair NGC 7339 a,c,i,y
NGC 7457 S0 -2.6 13.2 -18.99 0.90 76 0.00 - <0.002 - <39.7 0.05 >1.16 a,c,i,y
NGC 7585 S0-a -1.1 46.3 -21.17 0.95 217 6.70 - <0.1 - - - 1.70 pair NGC 7576 a,d,g
NGC 7600 E-S0 -2.9 45.1 -20.55 0.94 193 5.78 - <0.09 - - - 2.32 a,d,g
NGC 7619 E -4.7 53.0 -21.94 1.07 334 0.00 0.04 0.026 0 41.9 - 0.15 Pegasus I (10) a,c,h
NGC 7626 E -4.8 44.3 -21.44 1.07 288 2.60 - <0.06 - 41.1 - 0.13 Pegasus I (10) a,d,h

(1) Galaxy identifier. (2) Morphological classification from: (a) Sandage & Bedke (1994); (b) de Vaucouleurs et al. (1991). (3) Morphological numerical
classification from HyperLeda (Paturel et al. 2003). (4) Distance from: (c) Tonry et al. (2001) (surface-brightness fluctuations); (d) NED Hubble-flow
velocity corrected for Virgo, Great Attractor and Shapley Supercluster infall (h = 0.7). (5) Blue absolute magnitude derived from HyperLeda corrected
apparent-magnitude adopting distance d. (6) Colour within the B-band effective radius from HyperLeda. No galactic-extinction correction applied. (7)

Stellar velocity dispersion within Re/16. Re is an estimate of the effective radius derived from long-slit spectroscopy in Chapter 4 (see Table 4.2).
σRe/16 is the average of the values obtained along two perpendicular slit positions. (8) Optical fine-structure index Σ from Schweizer & Seitzer (1992).
(9) Integrated H i flux from: (C3) Chapter 3 of this thesis; (C5) Chapter 5 of this thesis; (e) OMSHS07; (f) Oosterloo et al. (2002); (g) Sansom et al.
(2000); (h) Dĳkstra (1999); (i) Morganti et al. (2006); (j) Williams et al. (1991); (k) Hibbard & Sansom (2003); (l) Knapp et al. (1985b); (m) Verheĳen

(priv.com.); (n) Rupen et al. (2001); (o) Arecibo ALFALFA archive (Giovanelli et al. 2007); (p) McNamara et al. (1994); (q) Kim et al. (1988); (r)
Knapp & Raimond (1984); (s) Appleton et al. (1990); (t) Emonts (2006). (10) M(H i)=2.36 105 (d/Mpc)2 F (H i)/(Jy km/s) M�. Upper limits are

obtained by scaling the ones given in the references above to the distance adopted here and to the criterion of having a 3σ signal over 200 km/s; or by
applying this same criterion to the noise reported in the reference. (11) H i morphological indicator defined in Sec.2.3. (12) X-ray luminosity from

O’Sullivan et al. (2001) scaled to the distance adopted here. (13) Molecular-hydrogen mass from: (u) Sage et al. (2007); (v) Sage & Galletta (1993); (x)
Wiklind et al. (1995); (y) Combes et al. (2007); (w) Bettoni et al. (2003); (z) Lees et al. (1991). The mass is scaled to the distance adopted here. Upper
limits are obtained by scaling the ones given in the references above to the distance adopted here and to the criterion of having a 3σ signal over 300
km/s. (14) Projected distance from NED 3rd closest neighbour brighter than MB=–18 (HyperLeda corrected absolute magnitude) and within ±500
km/s (using NED Hubble-flow fully-corrected velocities). ε3 is transformed from arcmin to Mpc adopting the scale at distance d. (15) Cluster/group
membership taken from Giuricin et al. (2000). When available we give the name of the cluster/group. Alternatively, we give the name of the brightest

galaxy in the group when other than our target. We specify in parenthesis the number of cluster/group members.
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NGC 2300

NGC 2549

IC 4889 NGC 0596 NGC 0636 NGC 1426

NGC 1439 NGC 1490 NGC 1947

NGC 2434

NGC 3108

ESO 140−31

NGC 3193

ESO 381−47

NGC 2810

IC 4200

NGC 2534

NGC 2904

NGC 2768

ESO 092−21

Figure 2.1: 10×10 arcmin2 Digitised Sky Survey B-band image of the galaxies in the
sample. Images were retrieved from NED. North is up, east is to the left.
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NGC 7600 NGC 7626

NGC 7052 NGC 7457 NGC 7585

NGC 7619

M 86

Figure 2.1: Continued
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Figure 2.2: Sample galaxies on the
MB-log10σ plane. Light-grey, dark-grey
and black symbols correspond to low-,
intermediate- and high-σ galaxies as defined
in Sec.2.2. Filled and open circles corre-
spond to galaxies whose (upper limit on)
M(H i) is above and below 108 M� respec-
tively. The dashed line represents the Faber-
Jackson relation.

2.2 Sample properties
Table 2.1 summarises the main galaxy properties and how they are derived. Fig.2.1
shows 10×10 arcmin2 images of all galaxies in the sample. These are B-band Digitised
Sky Survey images retrieved from the NASA Extragalactic Database (NED). Galaxies
look like fairly typical ETGs and range from round objects to nearly-edge-on lenticulars.

We divide the sample in three groups corresponding to low, intermediate and high
stellar velocity dispersion σ. These are defined by the criteria σ ≤180 km/s, 180 km/s
≤ σ ≤240 km/s, and σ ≥240 km/s respectively, chosen so that each group contains the
same number of objects (13). Values of σ are reported in Table 2.1. Throughout the
thesis, we plot low-, intermediate- and high-σ objects with light grey, dark grey and black
symbols respectively.

Fig.2.3 shows the galaxy distribution on the MB-log10σ plane. In the plot, filled and
open circles correspond to galaxies whoseM(H i) is above and below 108 M� respectively.
The dashed line corresponds to the Faber-Jackson relation LB ∝ σ4 (Faber & Jackson
1976), which galaxies in the sample follow reasonably well. The galaxies deviating the
most from the relation are ESO 092-21 and NGC 7457 below it, and NGC 3998 above it.

Concerning galaxy environment, a general result is that the ETG H i-detection-rate
is higher in the field (e.g., Sadler et al. 2001). Most of the interferometric observations on
which we base our selection are therefore on field targets. This causes our sample to be
biased against high-density environments. In Table 2.1 we characterise the environment
with the quantity ε3, defined as the distance from NED third closest neighbour (see Table
2.1 caption for details). ε3 ranges between 100 kpc and a few Mpc. We also specify the
group/cluster membership reported in the Giuricin et al. (2000) hierarchical catalogue,
which includes all galaxies brighter than B=14 and with recessional velocity v ≤6000
km/s over 2/3 of the sky. More than half of the galaxies are isolated or in small groups.

Since we want to analyse the relation between ETG stellar and H i properties, it is
important to understand whether there are any systematic in the sample. As discussed
above, the available 21-cm interferometry on which our sample-selection is based was
obtained by different authors with different telescopes and on targets selected according
to different criteria. Therefore, our sample is not necessarily representative of the local
ETG population; and it is not homogeneous with respect to noise level, synthesised-
beam size and velocity resolution of the H i observations. On the other hand, our main
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Figure 2.3: Morphological numerical type (top panels) and stellar velocity dispersion σ
(bottom panels) plotted against M(H i) (left) and M(H i)/LB (right) for all galaxies in
the sample. Arrows indicate H i upper limits. Light-grey, dark-grey and black symbols
correspond to low-, intermediate- and high-σ galaxies as defined in the text.

requirement is to cover a wide range of H i properties with no strong bias with respect to
other relevant galaxy properties. We investigate possible biases in Figs.2.3-2.5. Figs. 2.3
and 2.4 show the distribution of M(H i) and M(H i)/LB with respect to morphological
type, σ, B − V colour within the effective radius, and ε3. In all figures the grey scale
corresponds to different σ bins as defined above, and arrows indicate upper limits on the
H i mass (see Table 2.1 for the calculation ofM(H i) upper limit). Each panel in Figs.2.3
and 2.4 is populated quite uniformly. No strong bias is evident in the sample.

Our main interest lies in analysing the relation of ETG stellar populations and kine-
matics to the H i phase. Since, as described in Chapter 1, both these properties vary
systematically with galaxy mass (or σ), it is very important that there is no correlation
between M(H i) and σ within the sample. In this sense, the distribution of galaxies in
the bottom panels of Fig.2.3 is reassuring.

X-ray luminosity LX , molecular-hydrogen mass M(H2) and fine-structure index Σ
are available in the literature for a fraction of our targets (see Table 2.1). In Fig.2.5 we
investigate whether there is any correlation between M(H i) and these properties across
our sample. No strong relation emerges. In detail: LX is mostly related to σ rather than
to M(H i), with more massive galaxies being also X-ray brighter; M(H2) does not follow
M(H i) as far as we can tell from the few available measurements; and galaxies with a
high-level of morphological disturbance do not contain more H i than smoother systems.
Two galaxies of the sample that do not have measured Σ are known to host shells. These
are IC 4200 and NGC 5018 (Malin & Carter 1983), whose M(H i) are 11.5 and 0.9 ×109
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Figure 2.4: B − V colour within the effective radius (top panels) and environment
indicator ε3 (bottom panels) plotted against M(H i) (left) and M(H i)/LB (right) for all
galaxies in the sample. Arrows indicate H i upper limits. Light-grey, dark-grey and black
symbols correspond to low-, intermediate- and high-σ galaxies as defined in the text.

Figure 2.5: M(H i) plotted against LX (left panel), M(H2) (middle) and the fine-
structure index Σ (right) for all galaxies with available measurements. Arrows indicate
upper limits on the plotted quantities (tilted arrows indicate that the coordinates on
both axes are upper limits). Light-grey, dark-grey and black symbols correspond to low-,
intermediate- and high-σ galaxies as defined in the text.
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Figure 2.6: µHI (defined in the text) plot-
ted against M(H i) for all the H i-detected
galaxies in the sample. For comparison, un-
detected galaxies are showed at µHI=-1. Ar-
rows indicate H i upper limits. Light-grey,
dark-grey and black symbols correspond to
low-, intermediate- and high-σ galaxies as
defined in the text.

M� respectively. Even if IC 4200 and NGC 5018 were to have very large Σ values, the
lack of correlation between M(H i) and Σ would remain.

Values of LX are taken from the O’Sullivan et al. (2001) compilation of ROSAT
measurements. Seven of these objects have also been observed more recently with XMM-
Newton or Chandra by different authors. New data give a more accurate result since
they allow the removal of the low-mass X-ray binaries contribution to the total emission.
However, the difference between ROSAT and XMM-Newton/Chandra measurements is
not very large and can be approximated by a shift in log10LX (Athey 2007). Any strong
correlation between M(H i) and LX within the sample should therefore remain visible
using the ROSAT luminosity. For consistency, we make use of O’Sullivan data for all
objects. For the same reason, we neglect the only galaxy of the sample which is not part
of the O’Sullivan et al. (2001) catalogue but has recently been observed with Chandra
(NGC 7052 Diehl & Statler 2007b).

2.3 H i-rich galaxies
Sec.2.1 already alluded to the variety of H i properties within the selected sample. In
this Section we discuss this aspect in more detail by showing the H i distribution around
individual H i-rich galaxies.

As a general remark, and as highlighted by Figs.2.3 and 2.4, the sample covers a
range of M(H i). Because of the HIPASS-based selection of OMSHS07, the southern
sample is limited to the high-mass end of the ETG H i-mass-function. On the contrary,
the northern sample extends towards lower M(H i) values. As noted by OMSHS07, the
typical H i distribution at low masses consists of small clouds scattered around the stel-
lar body. Extended, regularly-rotating structures like the ones that dominate OMSHS07
sample seem more typical of high M(H i) values. Anticipating the discussion of the H i
properties of individual galaxies, we attempt a qualitative classification of galaxies in
the sample on the basis of their H i morphology/kinematics. We introduce the empiri-
cal parameter µHI which roughly quantifies how regular, extended and symmetric with
respect to the stellar body the H i distribution is (taking into account both morphology
and kinematics of the gas). Values of µHI are listed in Table 2.1. We adopt:

• µHI=4: settled disk/ring
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Figure 2.7: ESO 092-21. H i surface-
brightness contours on top of a DSS image
(taken from Chapter 5). Contour levels go
from 0.68 to 5.81×1020 cm−2 with steps
of 1.03×1020 cm−2. The maximum mea-
sured column density is 6.84×1020 cm−2.
The beam is shown in the bottom-left cor-
ner. Its size is 66×57 arcsec2 FWHM with
PA=72 deg.

• µHI=3: disturbed or strongly warped disk/ring
• µHI=2.5: disk/ring + tail/filament(s)
• µHI=2: tail/filament(s)
• µHI=1: cloud(s)
• µHI=0: unresolved

Fig.2.6 shows graphically what stated above (in the figure we plot undetected galaxies
at µHI=–1 for comparison). At lowM(H i) the neutral-hydrogen gas is typically found in
small clouds scattered around the stellar body. On the other hand, high-M(H i) systems
cover a wide range in µHI but tend to be more regular and spread over a large area on
the sky. The reason of this dichotomy is likely the column-density selection implicitly
involved in the H i observation of ETGs. On one hand, gas at column density below a
few times 1019 cm−2 is not detectable. Therefore, less massive H i structures must be
quite compact in order to be detected. On the other hand, an upper limit on the column
density is probably required for a galaxy to be classified as early type. Very dense gas
would likely trigger wide-spread, detectable star formation, and the host galaxy would not
be considered as a regular ETG. Because of this reason, very massive H i systems must
be more extended and should not be found in compact, cloud-like configurations. Such
extended gas distributions would settle on regular configurations within a few orbital
times, so that it is not surprising to find regularly rotating disks or rings among them.

The last part of this chapter is dedicated to the discussion of individual neutral-
hydrogen gas structures in H i-detected galaxies. For this purpose we make use of
(i) published H i-surface-brightness images and position-velocity diagrams, (ii) images
derived from data taken as part of this Ph.D. project and discussed elsewhere in the thesis,
(iii) images constructed directly from published data-cubes provided by the authors.

ESO 092-21 (Fig.2.7)
Despite the severe radio-frequency interference, OMSHS07 detected H i on a large, ex-
tended disk. Deep ATCA follow-up is presented and discussed in detail in Chapter 5,
where we also model the H i kinematics. We show here the total H i image derived from
the new observations. These data confirm that the gas is settled on a regularly rotat-
ing disk ∼50 kpc in diameter (µHI=4). We note that Helmboldt et al. (2005) detected
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Figure 2.8: ESO 140-31. H i surface-
brightness contours on top of a DSS
image (taken from Chapter 5). ESO
140-31 is the galaxy in the centre
of the field. Contour levels go from
0.22 to 5.27×1020 cm−2 with steps
of 0.56×1020 cm−2. The maximum
measured column density is 5.61×1020

cm−2 (2.58×1020 cm−2 if considering
ESO 140-31 emission only). The beam
is shown in the bottom-left corner.
Its size is 78×67 arcsec2 FWHM with
PA=-5 deg. In the figure, we report
next to each detected object the H i
mass in 109 M�.
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Figure 2.9: ESO 381-47. H i surface-
brightness contours on top of a DSS im-
age (taken from Chapter 5). ESO 381-47 is
the galaxy in the north with very extended
H i emission. Contour levels go from 0.21
to 2.03×1020 cm−2 with steps of 0.23×1020

cm−2. The maximum measured column den-
sity is 2.28×1020 cm−2 (and just below it if
considering ESO 381-47 emission only). The
beam is shown in the bottom-left corner. Its
size is 92×65 arcsec 2 FWHM with PA=8
deg. In the figure, we report next to each
detected object the H i mass in 109 M�.

hundreds of H ii regions with luminosity above 1038erg/s spread over a large fraction of
the H i disk out to large distances from the optical body. Therefore, ESO 092-21 is an
example of a galaxy where, despite the low (but higher than in most of the ETGs) beam-
averaged column-density, gas is locally dense enough to trigger star formation. Another
example of such galaxy is NGC 3108 (Hau et al. 2007). It is not clear whether such star
formation can result in the growth of a massive stellar disk and affect the host-galaxy
optical classification (see discussion in Hau et al. 2007).

ESO 140-31 (Fig.2.8)
This galaxy was also followed-up with a deeper ATCA integration after OMSHS07 de-
tection. New data are presented and discussed in Chapter 5. The total H i image derived
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Figure 2.10: IC 4200. H i surface-
brightness contours on top of a DSS image
(taken from Chapter 3). Contour levels are
(0.2, 0.4, 0.6, 0.8, 1.2, 1.6, 2.0, 2.6, 3.2)×1020

cm−2. The maximum column density is
3.32×1020 cm−2. The beam is shown in the
bottom-left corner. Its size is 78×67 arcsec2

FWHM with PA=6.8 deg.

from these new observations shows that ESO 140-31 hosts a nearly-edge-on polar ring
containing 1.6×109 M� of H i and with a diameter of ∼70 kpc (µHI=4). The galaxy lies
in a gas-rich group containing a total of 5.8×109 M� of H i.

ESO 381-47 (Fig.2.9)
This is another galaxy observed with a longer ATCA integration following OMSHS07
detection. New data are presented in Chapter 5 and reveal a warped H i ring with some
anomalous gas at its northern (and possibly southern) edge (µHI=3). The ring contains
8.2×109 M� of H i and extends out to ∼50 kpc from the galaxy centre. We have obtained
higher-resolution, VLA 21-cm data in collaboration with Jennifer Donovan, John Hibbard
and Jacqueline van Gorkom. These new data confirm the result discussed in Chapter 5
and allow us to model the H i kinematics in detail (work in progress). Furthermore, our
GALEX imaging reveals a bright UV ring coincident with the H i-column-density peak.

IC 4200 (Fig.2.10)
A deeper ATCA observation of this galaxy is presented in Chapter 3, where we model
the H i distribution and discuss what the origin of the gaseous system (and of the galaxy)
might be. The H i is found to be rotating on a strongly warped disk containing 1.15×1010

M� of H i and extended out to 60 kpc from the galaxy centre (µHI=3). A companion is
detected north-west of IC 4200 and contains 9.8×108 M� of H i.

IC 4889 (Fig.2.11)
H i is detected in a fairly regular but poorly sampled configuration and rotates with
kinematical major axis at PA∼40 deg (see position-velocity diagram). The total H i
mass is of 1.4×109 M� and is spread out to ∼25 kpc from the galaxy centre. Assuming
coplanar circular gas orbits, the H i disk is strongly tilted with respect to the optical
morphology. However, OMSHS07 suggested that the gas may be rotating on a warped
disk. The available data do not allow a firm statement about to which level the H i is
settled (µHI=3).

NGC 1490 (Fig.2.12)
OMSHS07 detected 7.4×109 M� of H i distributed in a number of clouds at 100 to 300
kpc from the optical body but with velocities similar to systemic. Deep imaging reveals
that the most massive of these clouds is associated with a low-surface-brightness optical
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Figure 2.11: IC 4889. Left panel: H i surface-brightness contours on top of a DSS image
(constructed with OMSHS07 data). Contour levels go from 2.0 to 10.0×1019 cm−2 with
steps of 1.6×1019 cm−2. The beam is shown in the bottom-left corner. Its size is 134×103
arcsec2 FWHM with PA=-16 deg. Right panel: position-velocity diagram along PA=40
deg (also from OMSHS07 data). East is to the right.

Figure 2.12: NGC 1490.
H i surface-brightness con-
tours on top of a DSS im-
age (taken from OMSHS07).
Contour levels are 2, 4, 8 and
16×1019 cm−2. The beam is
shown in the bottom-left cor-
ner. Its size is 83×53 arcsec2

FWHM with PA=-18 deg.
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Figure 2.13: NGC 1947. Left panel: H i surface-brightness contours on top of a DSS
image (taken from Oosterloo et al. 2002). Contour levels start at 2.4×1019 cm−2 and
increase with increment of 4.7×1020 cm−2. The beam has axes of 55 and 52 arcsec
FWHM with PA=5 deg. Right panel: position-velocity diagram along PA=90 deg (also
from Oosterloo et al. 2002). Contour levels are -1.2, 1.2, 2.4 and 3.6 mJy/beam and the
negative contour is dashed. East is to the left.

counterpart. Nevertheless, at least a few times 109 M� of H i do not have an identified
optical counterpart and can be associated with NGC 1490 (µHI=1).

NGC 1947 (Fig.2.13)
Oosterloo et al. (2002) described a 1.4×108 M�, slightly warped H i disk ∼10 kpc in
radius and whose inner component is aligned to the central dust lane (µHI=4). The PA
of the kinematical major axis seems to be diminishing from 130 to about 90 deg as the
radius increases (see position-velocity diagram along PA=90 deg). This can also be seen
from the outer H i column-density contours.

NGC 2534 (Fig.2.14)
Dĳkstra (1999) detected a 7.6×108 M� H i-tail originating from the stellar body of this
dust-lane galaxy and making half a circle on the sky. H i is found out to ∼30 kpc from the
galaxy centre. The H i closer to the galaxy might be regularly rotating with line-of-sight-
projected rotational velocity of 200 km/s (see position-velocity diagram). If this is the
case, the rotation is not spatially resolved and we cannot tell which side is receding and
which approaching. This leaves open the possibility that the tail is connected in velocity
to the inner H i at its north-west end. Furthermore, starting from there, the projected
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Figure 2.14: NGC 2534. Left panel: H i surface-brightness contours on top of a DSS
image (taken from Dĳkstra 1999). Contour levels are 1.0, 2.0, 2.9, 3.9, 4.9, 7.3, 9.8, 12.2
×1019 cm−2. The beam is shown in the bottom-left corner. Its size is 68×48 arcsec2

FWHM with PA=90 deg. Right panel: position-velocity diagram along PA=125 deg
obtained by adding together three parallel diagrams. West is to the right. The zero on
the horizontal axis corresponds to the stellar body of NGC 2534. Contour levels are -2,
-1, 1, 2, 4, 6, 8, 10 and 12 mJy/beam. Negative contours are dashed.

velocity decreases by 100 km/s when moving along the tail towards its westernmost
extension, and finally raises back when reaching the southern tail end (µHI=2).

NGC 2768 (Fig.2.15)
Morganti et al. (2006) detected 1.8×108 M� of H i distributed in clumps mostly 20-30
kpc north of the stellar body (µHI=1). The recessional velocity of the H i is consistent
with the one of the host galaxy. H i is detected in the range ∼1400-1630 km/s while the
systemic velocity of the galaxy is 1359 km/s.

NGC 2810 (Fig.2.16)
A partial ring of 7.2×108 M� is detected by Dĳkstra (1999). The gas is rotating with pro-
jected velocity of about 200 km/s when seen along an axis of PA=135 deg (see position-
velocity diagram) (µHI=3). The ring has diameter of ∼50 kpc.

NGC 3108 (Fig.2.17)
A regularly rotating H i-disk of 2.7×109 M� and 60 kpc in diameter is detected by
Oosterloo et al. (2002). The H i has kinematical major axis at PA∼120 deg and rotates
at about 300 km/s (see position-velocity diagram). The lack of maximum-velocity gas in
the centre argues for the presence of a central 1-arcmin-wide hole in the H i distribution
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Figure 2.15: NGC 2768. H i surface-
brightness contours on top of a DSS im-
age (constructed with Morganti et al. 2006
data). Contour levels are 0.8, 2.5, 4.2, 10.8
×1019 cm−2. The beam is visible in the
bottom-left corner. Its size is 60×56 arcsec2

FWHM with PA=0 deg.

Figure 2.16: NGC 2810. Left panel: H i surface-brightness contours on top of a
DSS image (taken from Dĳkstra 1999). Contour levels are 0.6, 1.5, 2.4, 3.6, 4.8, 6.0,
7.3 and 8.5 ×1019 cm−2. The beam has axes of 64 and 48 arcsec FWHM with PA=40
deg. Right panel: integrated position-velocity diagram obtained from 7 parallel diagrams
made at PA=135 deg (also from Dĳkstra 1999). Contour levels are -2, -1, 1, 2, 4, 6 and
8 mJy/beam and negative contours are dashed. North is to the right.
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Figure 2.17: NGC 3108. Left panel: H i surface-brightness contours on top of a DSS
image (taken from Oosterloo et al. 2002). Contour levels start at 2.9×1019 cm−2 and
increase with increment of 2.9×1020 cm−2. The beam size is 135×57 arcsec2 FWHM
with PA=7 deg. Right panel: position-velocity diagram along PA=109 deg (also from
Oosterloo et al. 2002). Contour levels go from -2.7 to 13.5 mJy/beam with steps of 1.35
mJy/beam excluding the zero contour. West is to the right.

(µHI=4). This galaxy is studied by Hau et al. (2007), who found extended Hα distribution
coinciding with the H i disk.

NGC 3998 (Fig.2.18)
Knapp et al. (1985b) reported a polar (or nearly polar) ring of 3.0×108 M� and 11 kpc
in radius. The gas rotates fairly regularly at about 260 km/s (projected) while the H i
morphology is slightly disturbed (µHI=4). The galaxy was observed also by Verheĳen
& Zwaan (2001), from which we take the total H i image and from whose data-cube we
build the position-velocity diagram showed in the figure. This is taken at PA∼70 deg
and shows both NGC 3998 and the westernmost galaxy in the image NGC 3972.

NGC 4026 (Fig.2.19)
Verheĳen & Zwaan (2001) reported 2.2×109 M� of H i evenly split between a regularly
rotating edge-on ring with rotation of ∼200 km/s, and a 60-kpc-long filament parallel
to the stellar disk but offset from it (µHI=2.5). Although they are detected at similar
velocities, the ring and filament are not obviously connected. The northern edge of the
filament is at a velocity close to the one of the northern edge of the ring. The line-of-
sight H i velocity increases towards the systemic of the ring when moving south along
the filament.

NGC 4125 (Fig.2.20)
Rupen et al. (2001) reported the detection of 2.7×107 M� of H i distributed in a few
scattered clouds at the south-west edge of the stellar body. The recessional velocity of
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Figure 2.18: NGC 3998. Left panel: H i surface-brightness contours on top of a DSS
40×37 arcmin2 image (taken from Verheĳen & Zwaan 2001). NGC 3998 is the H i-rich
galaxy in the centre of the field. Contour levels are 2 ×1019 cm−2 ×2n. The beam size is
45 arcsec FWHM. Right panel: position-velocity diagram constructed from the Verheĳen
& Zwaan (2001) data-cube along PA∼70 deg. East is to the left. NGC 3998 is the galaxy
at offset=0 arcmin.

the clouds is consistent with the stellar one (µHI=1).

NGC 4278 (Fig.2.21)
Morganti et al. (2006) reported 6.9×108 M� of H i distributed on a regular disc and two
faint tail-like structures. They also found that the H i is not in coplanar, circular orbits,
but its structure is more complicated. This can be seen in the position-velocity diagram.
The projected rotation in the inner region peaks just above 200 km/s (µHI=2.5). The
diagram also shows how the western tail is well connected to NGC 4278 in velocity.

NGC 4406 (Fig.2.22)
The galaxy is a giant elliptical in Virgo. Li & van Gorkom (2001) showed that the
8.3×107 M� of H i are distributed in a cloud at the south edge of the stellar body at a
velocity close to the stellar systemic (µHI=1).

NGC 4472 (Fig.2.23)
McNamara et al. (1994) reported 4.5×107 M� of H i in a cloud between the galaxy
and its south-east dwarf companion UGC 7636 (µHI=1). The cloud lies ∼3 arcmin (15
kpc) south-east of NGC 4472. The cloud is elongated towards NGC 4472 and makes a
bridge between it and the companion both on the sky and in line-of-sight velocity. This,
together with the optical appearance of the dwarf galaxy, made them conclude that an



2.3: H i-rich galaxies 43

Figure 2.19: NGC 4026. Left panel: H i surface-brightness contours on top of a DSS
38×38 arcmin2 image (taken from Verheĳen & Zwaan 2001). NGC 4026 is the nearly
edge-on galaxy to the east (left). Contour levels are 2×1019 cm−2 ×2n. The beam size
is 45 arcsec FWHM. Right panel: position-velocity diagram of NGC 4026 H i ring along
PA=0 deg extracted from the Verheĳen & Zwaan (2001) data-cube. South is to the left.

Figure 2.20: NGC 4125. H i surface-
brightness contours on top of a DSS 7.3×6.9
arcmin2 image (taken from Rupen et al.
2001). Contour levels are 2×1019 cm−2 ×2n.
The beam size is 24×23 arcsec2 FWHM.
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Figure 2.21: NGC 4278. Left panel: H i surface-brightness contours on top of a DSS
image (taken from Morganti et al. 2006). Contour levels are 1, 2, 4, 8, 16 and 32×1019

cm−2. The maximum column density associated with NGC 4278 is 20×1019 cm−2. The
beam is visible on the bottom-left corner. It has axes of 44 and 26 arcsec FWHM with
PA=0 deg. Right panel: Position-velocity diagram along PA=63 deg (also from the
Morganti et al. 2006 data). East is to the left.

Figure 2.22: NGC 4406. H i surface-
brightness contours on top of a DSS 27×23
arcmin2 image (taken from Li & van Gorkom
2001). Contour levels are 2×1019 cm−2 ×2n.
The beam size is 58×48 arcsec2 FWHM.
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Figure 2.23: NGC 4472. H i surface-brightness contours on a ∼8.5×6 arcmin2 field
(taken from McNamara et al. 1994). Contour levels are -3, -2, 2, 3, 4, 5, 7, 9, 11, 13
and 153×σ where σ=4.7 mJy/beam. Negative contours are dashed. The beam size is 60
arcsec FWHM. NGC 4472 lies ∼3 arcmin north-west of the peak of the H i emission.

interaction between the two galaxies is occurring, and that the H i cloud is a residual of
such interaction.

NGC 5018 (Fig.2.24)
Kim et al. (1988) observations revealed an H i-rich environment with a 200-kpc-long
filament of gas stretching across the stellar body of NGC 5018. The filament connects
NGC 5022 (which lies to the east of our target) to a smaller companion to the west of
NGC 5018. On the basis of the line-of-sight velocity of the H i, they estimated that
9.4×108 M� of neutral hydrogen are associated with the galaxy (µHI=2). We take the
total H i image from the Rogues gallery of Hibbard et al. (2001).

NGC 5173 (Fig.2.25)
Knapp & Raimond (1984) detected 1.6×109 M� of H i distributed on a regular disk
∼30 kpc in diameter and with kinematical major axis at PA=125 deg. The H i seems to
rotate at about 100 km/s. However, Dĳkstra (1999) pointed out the irregular appearance
of the H i velocity structure (e.g., a velocity gradient is found along PA=30 deg). The
gas might be unsettled or two different structures perpendicular to each other might be
coexisting. A strong warp might also explain the observations, which are too coarse to
distinguish between the various options (µHI=3).

NGC 5903 (Fig.2.26)
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Figure 2.24: NGC 5018. H i surface-
brightness contours on top of a DSS 28×26
arcmin2 image (taken from Hibbard et al.
2001). NGC 5018 is the galaxy in the centre
of the field. Contour levels are 3×1019 cm−2

×2n. The beam size is 60 arcsec FWHM.

Figure 2.25: NGC 5173. H i surface-
brightness contours on top of a DSS image
(taken from Dĳkstra 1999). Contour levels
are 1.0, 5.2, 10.4, 20.7, 31.1, 41.5, 82.9, 129.6
and 155.5×1019 cm−2. The beam is visible
in the bottom-left corner. It has axes of 48
and 43 arcsec FWHM with PA=-60 deg.

Appleton et al. (1990) presented 21 cm data for this galaxy. They estimated that 9.1×108

M� of H i are directly associated with the stellar body, while about twice as much is
in two filaments (µHI=2). These are to the north and the south of the stellar body and
both roughly extend in the south-north direction for a total of more than 100 kpc. The
south filament has lower velocity than the north one and the galaxy velocity is just in
between. The H i within the stellar body is distributed along the optical minor axis of
the galaxy (PA∼75 deg) with lower velocities on the east side. The kinematics is very
disturbed and overall the H i does not seem to be in equilibrium.

NGC 7332 (Fig.2.27)
Morganti et al. (2006) detected a cloud of 6×106 M� of H i ∼14 kpc to the east of the
optical body, between NGC 7332 and the companion galaxy NGC 7339 (µHI=1). The
H i is not clearly associated with the galaxy but its velocity is consistent with that of
both systems.

NGC 7619 (Fig.2.28)
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Figure 2.26: NGC 5903. H i surface-
brightness contours on top of an optical-
plate print (taken from Appleton et al.
1990). Contour levels are 0.6, 1.2, 1.7, 2.3,
2.9, 3.5, 4.1, 4.7 and 5.2×1020 cm−2. The
beam is shown in the top-right corner. Its
size is 46×45 arcsec2.

Figure 2.27: NGC 7332. H i surface-brightness contours on top of a DSS image (taken
from Morganti et al. 2006). NGC 7332 is the galaxy to the west (right). The companion
is NGC 7339. Contour levels are 1, 2, 4, 8, 16, 32 and 64×1019 cm−2. The beam is
visible on the bottom-left corner. It has axes of 48 and 23 arcsec FWHM with PA=0
deg.
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Figure 2.28: NGC 7619. Chan-
nel maps of the H i detection
(taken from Dĳkstra 1999). The
cross marks the position of NGC
7619. Contour levels are -2
(dashed), 2, 3 and 3.5×σ, where
σ=0.20 mJy/beam. The beam is
visible on the bottom-left corner.
It has axes of 54 and 49 arcsec
FWHM with PA=1 deg.

The H i detection reported in Dĳkstra (1999) is at a 3.5 σ level and is not resolved either
in space or velocity. Its position and velocity correspond to the one of NGC 7619.

2.4 Summary
We have presented the sample selected for studying the relation between ETG stellar
population, kinematics and H i properties. We have discussed the sample selection on
the basis of published 21-cm interferometric observations. The sample is biased against
high-density galaxy environments. We have shown that there are no systematic variations
in M(H i) with respect to other relevant galaxy properties. In particular, the sample
populates uniformly theM(H i)-σ andM(H i)/LB-σ plane. This is very important since
ETG stellar populations and kinematics, whose relation to the H i phase we want to
address, are known to vary systematically with σ. The sample is therefore suitable to
carry out such investigation.

Finally, we have discussed the neutral-hydrogen properties of H i-rich galaxies in
the sample as a whole, and the H i distribution around individual objects. In doing
so we have made use of published data or, in a few cases, new data. The latter are
presented and discussed in more detail in Chapters 3 (IC 4200) and 5 (ESO 092-21, ESO
140-31 and ESO 381-47). A wide range of H i morphology and kinematics is covered,
going from very extended and regularly-rotating disks or rings to clumps of gas scattered
around the stellar body. The former are typical of high M(H i) values, while the latter
are characteristic of H i masses below 108 M�. In following chapters we investigate the
connection of these properties to stellar populations and kinematics as well as ionised-gas
properties derived from optical long-slit spectroscopy.




