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ABSTRACT

We present the results of deep Westerbork Synthesis RatkscBpe observations of neu-
tral hydrogen in 12 nearby elliptical and lenticular gatsxiThe selected objects come from
a representative sample of nearby galaxies earlier stuatiexgptical wavelengths with the
integral-field spectrograpBAURON. They are field galaxies, or (in two cases) located in poor
group environments. We detectiH both in regular discs as well as in clouds and tails off-
set from the host galaxy - in 70% of the galaxies. This detactate is much higher than in
previous, shallower single-dish surveys, and is similahsd for the ionised gas. The results
suggest that at faint detection levels the presencelatt relatively common characteristic
of field early-type galaxies, confirming what was suggestezhty years ago by Jura based
on IRAS observations. The observed total Masses range between a few timé&1/, to
just over10° M. The presence of regular disc-like structures is a sitna@gcommon as H

in offset clouds and tails around early-type galaxies. Allagies where H isdetected also
contain ionised gas, whereas na i found around galaxies without ionised gas. Galaxies
with regular Hi discs tend to have strong emission from ionised gas. In teeses, the similar
kinematics of the neutral hydrogen and ionised gas suglastitiey form one structure. The
kinematical axis of the stellar component is nearly alwaysatigned with respect to that of
the gas. We do not find a clear trend between the presence afidhthe global age of the stel-
lar population or the global dynamical characteristicshaf tjalaxies. More specifically, H
detections are uniformly spread through th& o, €) diagram. If fast and slow rotators - galax-
ies with high and low specific angular momentum - represeantélics of different formation
paths, this does not appear in the presence and characteatthe Hi. Our observations
support the idea that gas accretion is common and does npehagxclusively in peculiar
early-type galaxies. The links observed between the lacgée gas and the characteristics
on the nuclear scale (e.g., the presence of kinematicattpug#ed cores, radio continuum
emission etc.), suggest that for the majority of the casegés is acquired through merging,
but the lack of correlation with the stellar population agggests that smooth, cold accretion
could be an alternative scenario, at least in some galdriegher cases, the data suggest that
early-type galaxies continue to build their mass up to ties@nt.

arXiv:astro-ph/0606261vl 12 Jun 2006

Key words: galaxies: elliptical and lenticular — galaxies: neutrabllggen — galaxies:
ionised gas

1 INTRODUCTION

The currently favoured paradigm for early-type galaxy fation is
* E-mail:morganti@astron.nl the so-called hierarchical formation scenario. It is sufgmbby de-
+ ASTRON summer student tailed N-body and hydrodynamical simulations, which arke db
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reproduce the main stellar morphological characteristicbglobal
scaling relations of early-type galaxies (e.g., De Luciale2006).
The role and fate of the gas component, however, is still rest-w
understood. This is partly due to the complexity of undemditag
gaseous processes (star-formation, energetic feedbackepro-
cessing), and partly because the gas content of early-®ioaigs
is often thought to be insignificant. Moreover, the paramspace
of gas accretion is large, ranging from merging of two larsggjal
mass gas-rich objects to infall of a tiny gas-rich companeamd
perhaps so-called cold accretion, the slow but long-lgstifall of
primordial gas (e.g., Keres et al. 2005).

200 kpc in size) regularly rotating discs or rings. The flaation
curves of the discs indicate the existence of large haloarf mhat-
ter. Given their regular appearance, these discs must atvety
old (severalx 10° yr). Although an external origin of the Hhas
been suggested already in several earlier studies (e.gpKetzal.
1985), the imaging of the kinematics of such structures sika
possibility of studying in detail how these galaxies haverfed.
In particular, although major mergers and small-compaaicere-
tions are clearly at the origin of some of the Btructures observed
(e.g. Serra et al. 2006), recent work has shown that smodth co
gas accretion (e.g., Maccio, Moore & Stadel 2006) can depgn

Recent observations of early-type galaxies show that gas is important role and should, therefore, be taken into account

clearly present in these objects, and that gas processelaay
a more important role in shaping the stellar properties @
viously thought. In a galaxy merger event, the amount of gas i
volved can have a profound effect on the merger remnant,gaith
rich events leading to more disc-like objects (e.g., Beki$Bioya
1997; but see Burkert & Naab 2005). This may explain the {disc
isophote distortions present in many early-type galaxad,it has
been suggested as an explanation of the apparent dichofdast-o
and slow-rotating galaxies (i.e. galaxies with high and &pecific
angular momentum, Bender, Burstein & Faber 1992). Dyndiyica
distinct stellar sub-components are often found in eaihetgalax-
ies, and taken as evidence for formation via merging. Cdingea
significant star-formation event with such a merger hasgimexed
results, but there are clearly cases where sub-componétite o
galaxy are both chemically and kinematically distinct (MgBnid
et al. 2006), strongly suggesting that external gas hasezhtbe
system.

In order to make progress on these issues, high-quality-obse
vations of the gas content of early-type galaxies are crtwilow
detailed comparisons with the stellar properties. In thécap var-
ious studies in the recent past have explored the charstatsrof
the ionised gas in early-type galaxies (Phillips et al. 1386son
et al. 1993; Goudfrooij et al. 1994) and found the presenagaef
with complex kinematics (e.g., counter-rotating with esto the
stellar component, Bertola et al. 1992). However, so farkihe-
matics and ionisation of the gas in early-type galaxies Hmen
studied mostly through long-slit observations, usualtnglone or
two position angles, which limit the correct determinatinthe
morphology and dynamical structure of the ionised gas. Eie r
cent systematic survey based on observations with the gamor
integral-field spectrograpBAURON shows that these objects dis-
play a variety of line-strength distributions and kineroatructures
which is richer than often assumed (Bacon et al. 2001; de¥eeu
et al. 2002). The survey includes 48 representative neaally-e
type galaxies classified as E or SO in the RC3 (de Vaucouldurs e
al. 1991). Many examples of minor axis rotation, decouplees,
embedded metal-rich stellar discs, as well as non-axisymnmovand
counter-rotating gaseous discs, have been found (Emselieh
2004; Sarzi et al. 2006; Kuntschner et al. 2006).

At radio wavelengths, our knowledge about the neutral hydro
gen content of early-type galaxies is also changing. Thaitly
due to the growing number of cases wherehds been imaged —
instead of using only single-dish data — and informationutiboe
morphology and the detailed kinematics of the gas is nowablai.
Many Hi-rich early-type galaxies are now known (e.g. Schimi-
novich et al. 1995; van Gorkom & Schiminovich 1997; Morganti
et al. 1997; Sadler et al. 2000; Balcells et al. 2001; Oasteet
al. 2002 and refs therein; Oosterloo et al. 2004, 2005). ahgel
amount of neutral hydrogen detected around some of theag-gal
ies (up to more than0'° M) is often distributed in huge (up to

The shallow H surveys available so far are, however, able
to study only the most extreme IHich early-type galaxies. Much
deeper observations are needed to explore the completadds
distribution of early-type galaxies. Furthermore, thedgtof H1
in these systems has lacked the important combination ahgav
both the Hi data and multi-slit or integral-field optical spectroscopy
available for a significant number of objects. For theseaessve
have performed deep Hbservations, using the recently upgraded
Westerbork Synthesis Radio Telescope (WSRT), of a sub{sasfip
E and SO galaxies in tHBAURON representative survey. We present
the results here. We describe the sample selection and tHeTWS
observations in Sectidd 2. In Sectibh 3 we discuss thertdps,
and we compare with earlier Hsurveys in Sectiofil4. A discussion
of the relation between the presence afahd of a radio loud AGN
is given in Sectiofll6. We investigate the relation with tharel-
teristics of the stellar component and the ionised gas itiG€H,
and comment on the origin of the neutral gas in Sedflon 7. \We su
marise our conclusions in Sectibh 8. In Apperidix A we replogt t
serendipitous discovery of a megamaser in the field of NG@415

2 SAMPLE AND H1 WSRT OBSERVATIONS

The SAURON sample contains 24 galaxies classified as E in the
RC3, and another 24 classified as S0. They are divided edusdly
tween so-called ‘field’ and ‘cluster’ environments, and eoa fac-

tor 50 in total luminosity and the full range of ellipticitd¢ Zeeuw

et al. 2002). We selected the 12 E and SO objects with deidimat

0 > 23°, in order to have good spatial resolution with the WSRT.
The majority of the selected galaxies are genuine field gedax
with two cases (NGC 4150 and NGC 4278) are located in poor
group environments. None of them reside in a dense clustér en
ronment.

The specifics of the WSRT observations are listed in Table 1.
The observations were made using a band of 20 MHz (correspond
ing to ~4000 kms!), centred on the frequency of the redshifted
H 1, and sampled with 1024 channels. One object, NGC 2685, had
already been observed with a similar setup by Jozsa etG04€)
and Jozsa (2006). We did not re-observe this galaxy but tefe
their results.

The calibration and analysis were done using khéll AD
package. The data cubes were constructed with a robusgdBrig
(1995) weighting equal to 0, or with natural weighting foreth
faintest cases. The cubes were made by averaging channels in
groups of two, followed by Hanning smoothing so that a veloci
resolution of 16 kms! was obtained. This was done to optimise
sensitivity. The r.m.s. noise and restoring beam sizes df eabe
are given in TablE]1.

As a by-product of the observations, the line-free channels
were used to obtain an image of the radio continuum of eacixgal
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The continuum images were made with uniform weighting. The helix-like dust extinction on the North-Eastern side and & clas-
r.m.s. noise and beam of these images are also given in Mable 1sical polar-ring (Whitmore et al. 1990). The kinematics loé H
Radio continuum emission was not detected in four of theatbje clearly change with radius. In the inner part the kineméticajor

in which cases only upper limits are determined. All the cieté axis is perpendicular to the photometric major axis, whileaeye
continuum sources are unresolved. The peak flux and powbkeoft radius, the kinematical major axis is aligned with the phagtric
continuum, or theo upper limits, are given in Tab[d 2. major axis. The two position-velocity diagrams in Hify. 2 stthis

very clearly. A tilted-ring analysis (J6zsa et al. 2004zzh 2006)
indicates that the His actually one single structure that is polar in
3 RESULTS the inner regions while .at a radiu; of aboutitlwarps abou0°
to become co-planar with the optical galaxy. Jozsa et 8043)
We detect H in emission in eight (possibly nine, NGC 7332 is an  suggest that the Hcould be a disc that forms from a single accre-
unclear case, see Sect[onl3.2) of the 12 galaxies obserhege of tion event under the influence of a tumbling triaxial halol¢Ber
the detected objects (NGC 1023, NGC 2685 and NGC 4278) were & Christodoulou 1993). Th&AURON data show the presence of
already known to have Hfrom previous observations (respec- jonised gas (i and [O111]), mostly concentrated along the photo-
tively: Sancisi et al. 1984; Shane 1980; Raimond et al. 1981 a  metric minor axis. The kinematics of the ionised gas and@stars
Lees 1994). TablE 2 summarises therHorphology, mass and size s shown in Fig[B. This figure clearly shows that the ionisasl lgas
for every detected object. Three galaxies (NGC 2549, NG@530 the same kinematics as the very inner regions in thelata. The
NGC 7457) are not detected iniHn these cases the Hnass lim- stellar populations are moderately young and have solaallicet
its range from a few times0° M, to at mostl0” M. ity. CO (J=2-1 and J=1-0) emission was detected by Schingere
The measured Hmasses (see Talle 2) range between a few Scoville (2002). They find four molecular cloud associasiomthe
times 10° M, to just over10°Mg. The value for the gas con-  Western and Eastern regions of the galaxy, close to the testh
tent (Mu1/Lg) ranges from< 0.0003Ms /Lo, to as high as Ha and Hi peaks in the polar ring. The CO andi fine velocities
0.3My /Le inthe case of NGC 2685. The latter represents a value agree, which indicates that the CO emission also origirfates
at the gas-rich end of the distribution characteristic afyetype the polar ring.
galaxies (Knapp et al. 1985) and is comparable to that of abrm
spiral galaxies.
Fig.[l shows the Htotal intensity images. The sizes of the H
structures vary between 30 and 90 kpc with the exceptionedirly
H 1 disc detected in NGC 4150 that is only 4 kpc in diameter and
the small cloud in NGC 5982. The typical peak column density i
at most a few times 9 cm~2 (see contour levels in Fif] 1). As
already found from the Hobservations of other early-type galaxies
(see, e.g., van Driel & van Woerden 1991; Morganti et al. 1997
Serra et al. 2006) these values of the column density are linaa
the critical surface density for star formation proposedbgnicutt
(1989). Although this result excludes the presence of vkl
star formation activity, local small regions of star forioat can
still be present.
Most of the continuum sources associated with the observed

NGC 3414 is another interesting object. A rotating strugtur
of ~3.5" (~29 kpc) anc~10% M, of neutral hydrogen is observed.
The rotation axis of the His misaligned with the photometric axis
by ~44° 4 5°. The Hi position-velocity diagram (Fidll 2) suggests
the presence of two kinematical components, a fast (atileaso-
jection) inner one and a slower, or possibly more face-otereied
outer structure. In the inner region, observed WBAURCON, the
stellar kinematics shows a decoupled core (KDC). The iahiss
has a complex morphology showing a smoothly twisting véjoci
field such that the rotation axis aligns with the photomatmagjor
axis at large radii, but it almost aligns with the KDC withfretcen-
tral 5" radius (see also Fifll 3). The rotation of the lihes up very
well with that of the outer ionised gas. The stellar popoladi is
old and has solar metallicity.

galaxies are too weak to be used to detectiflabsorption. The NGC 4150 shows the faintest and smallest rotatingildc de-
only exception is NGC 4278, where nevertheless naabisorption tected, with only a fewx 10° M, of neutral hydrogen. The size of
was found. Given the low spatial resolution of our obseora;j the Hi disc is about 1(~4 kpc). A cloud of low column density H

H 1 absorption, even if present, is likely filled up with thel ih is also observed about from the galaxy, without an obvious opti-
emission present in this galaxy. cal counterpart. NGC 4150 is also detected in CO (Welch & Sage

We divide the observed Hstructures in three main groups:  2003; Leroy et al. 2005) and the estimated molecular gasoont
1) regularly rotating, disc-like H emission, 2) offset clouds or  is~3.0 x 10" M. From theSAURON data, a small stellar KDC is

tails and 3) complex distribution. The presence of reguise-tike observed in the central’2The ionised gas follows the outer stellar
structures is as common asi kh offset clouds and tails around  kinematics, with a possible central disc. The stellar papaoih is
galaxies. Fig[2 shows examples of position-velocity plateng globally rather young with a strong contribution of youngrstin
one of the main axes, for the most interesting cases. Belav, w the central few arcseconds.

summari_se the ﬂ-lcharac_teristics for each object, together with NGC 4278 was known to have an extended regular disc iof H
relevant information obtained from tfBAURON observations. For (raimond et al. 1981; Lees 1994), but our data show this didc a
a more detailed description of the optical characteristizmined its kinematics in much more detail. The new data also shothia

from SAURON we refer to the original papers: Emsellem et al.  faint tajl-like structures exist at large radius (see E)gThe kine-
(2004), Sarzi et al. (2006) and Kuntschner et al. (2006). matics of the H is regular. The position-velocity diagram taken
along position angle (PA) 80(Fig.[d) shows large modulations of
the velocities indicating that large deviations from a flatdn cir-
cular rotation occur. Th6&6AURON data show strong ionised gas,
In four galaxies (NGC2685, NGC3414, NGC4150 and with alarge-scale twisted rotation field, rotating in thensasense
NGC 4278), the H appears to be distributed in a relatively as the stars, but misaligned by20-70 degrees (see also HIj. 3).
regularly rotating structure. Also in this galaxy, the kinematics of the IHand the ionised gas
NGC 2685, also known as the Spindle galaxy, shows strong, match very well, and both are misaligned with the stellaekiiat-

3.1 Regular H1 structures
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NGC Type Vientr D pcl’ Date Int. Time Beam Noise H  Noise Cont. H contours
kms-1 Mpc h " x"(°)  mdybeant! mJybeant! 1019 cm—2

®nm @ ® @ ©6 (6) (7 (8) 9) (10) (11)
1023 SO 614 11.4 55 12-17/10/044x12 21x14(1) 0.26 0.026 (2.5),5,10,25,50
2549 SO 1069 126 61 02/01/04 12 60x55(0) 0.41 0.034 -
2685 SO 883 15.7 76 12/02-01/03 4x12 28x25(10) 0.24 - (5),10,25,50,100
2768 E 1359 224 109 03/01/04 12 33x33(-84) 0.47 0.034 1,2.5,5,10,25
3414 SO 1472 252 122 2/02/04 4x12  45x33(9) 0.27 0.026 1,2.5,5,10,50,100
4150 SO 219 13.7 67 31/01/04 4x12 41x34(17) 0.30 0.021 1,25
4278 E 631 16.1 78 04/02/04 4x12 28x14(11) 0.23 0.037 1,2.5,5,10,25
5198 E 2531 39.6 192 01/05/04 2x12 37x35(13) 0.37 0.026 2.5,5,10,25,50,100
5308 SO 1985 32.8 159  22/04/04 12 35x35(0) 0.58 0.080 -
5982 E 2935 45.7 222 11/09/04 12 36x36(79) 0.56 0.043 5,10
7332 SO 1206 23.0 112  07/09/04 18 46x31(6) 0.40 0.043 1,2.5,5,10,25,50,100
7457 SO 845 13.2 64 31/08/04 12 39x32(15) 0.38 0.038 -

Table 1. Summary of observations and properties of the galaxiesdrséimple. (1) Galaxy identifier. (2) Systemic velocity at ethive centred the H
observation band. (3) Hubble type (NED). (4) Galaxy distafrom the SBF measurements of Tonry et al. (2001). Four gagdNGC 2685, NGC 5198,
NGC 5308 and NGC 5982) do not have SBF distances. In those vaseased redshift distances from LEDA. (5) Linear scaleD@le of observation. (7)
Integration time in hours. (8) Beam. (9) Noise level in theddibe. (10) Noise level of the continuum image. (11) Conteuels of the total intensity images
shown in Fig[L. Note(a) Data taken by G. Jozsa and presented in Jozsa et al. (280ddpzsa (2006).

NGC Type Kpr Myt Mui/Lg Mui/Lx DiamHi Sy 4gu, l09Pi 4cuz Hreferences
mag Mg kpc mJy W/Hz

1 @ @3 )] (5) (6) ) (8) 9) (10)

1023 SO 6.24 2.1 x 109 0.046 0.025 92 0.4 18.7 a

2549 SO 8.05< 2.0 x 10 < 0.00043 < 0.00010 — <0.1 < 18.3

2685 SO 8.35 1.8 x 10° 0.27 0.078 41 2 19.8 b,c,d

2768 E 7.00 1.7 x 108 0.0038 0.0010 60 10.9 20.8

3414 SO 7.98 1.6 x 108 0.0096 0.0019 26 5.0 20.6

4150 SO 8.99 2.5 x 10° 0.00078 0.00025 4 0.8 19.2

4278 E 7.18 6.9 x 108 0.039 0.0097 37 336.5 22.0 e f

5198 E 8.90 6.8 x 108 0.030 0.0077 70 2.4 20.6

5308 SO 8.36< 1.5 x 107 < 0.00064 < 0.00015 - < 0.24 < 19.5

5982 E 8.15 3.4 x 107 0.00060 0.00014 - 0.5 20.1

7332 SO 8.01 6.0 x 106 0.00038 0.00009 - < 0.13 < 189

7457 SO 8.19< 2.0 x 10 < 0.00032 < 0.00010 - < 0.11 < 18.5

Table 2. Further properties of the galaxies and measurements basad oadio observations. (1) Galaxy identifier. (2) Hubgteet (NED). (3) TotalK -band

apparent magnitude from the 2MASS Extended Source Catl@ipurett et al. 2000). (4) Total mass in.H5) Ratio of total mass in Hand the absolute
B-band luminosityL 5. (6) Ratio of total mass in Hand the absoluté{-band luminosityL i . (7) Diameter of the Hi distribution. (8) Continuum flux (or
30 upper limits) at 1. 4 GHz. (9) Total radio power at 1.4 GHz.)(R@ferences{a) Sancisi et al. (1984);) Shane (1980)(c) Jozsa et al. (2004a)i1)Jozsa
(2006); (e) Raimond et al. (1981);f) Lees (1994); Note: * radio continuum from NVSS.

ics and the photometric axes. The stellar population is nitireas (1373 kms?). This velocity matches that of the ionised gas on

near-solar metallicity.

3.2 Neutral hydrogen off-set from the galaxy

In three objects (NGC 2768, NGC 5198, NGC 5982) most of the

this side of the galaxy. Wiklind et al. (1995) detected thatagy in
CO with IRAM, and infer a molecular hydrogen massaf x 107
Mg . The ionised gas detected BAURON rotates around the ma-
jor axis. The rotation is perpendicular to that of the starg] the
stellar population is old.

H 1 is found in clouds/tails offset from the centre of the oftica

galaxy (see Figlll). These IHeatures do not have an obvious In NGC 5198 we detect iHboth ~2’ (~23 kpc) north and

stellar counterpart. They have velocities that are vergeclgvithin ~4' (~46 kpc) south of the galaxy. The current data are not deep

300 kms ) to the systemic velocity of the target galaxy. They are, enough to see whether these are actually part of a singlge lar

therefore, likely physically associated with the galaxy.
In NGC 2768, most of the His detected in a tail-like system  locity of the galaxy is exactly in between that of the two ¢louds.

gaseous structure. However it is interesting that the syistee-

at about 16 kpc NE from the centre. However, some fainehhis- The SAURON data show a central stellar KDC misaligned with the
sion is also present inside the optical boundaries. Thenkaties outer rotation. The ionised gas is mostly detected in th&akfiew
suggest that these two features are related. The neutraddsialin arcseconds. However, the ionised gas does also extendiottie

the cloud shows velocities that range from 1430 to 1510 ks and hence could be related to the structure. The ionized gas oc-
slightly redshifted compared to the systemic velocity & ¢gfalaxy cupies a disc-like structure which is perpendicular to thet@l
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Figure 1. Total HI intensity images (contours) superimposed onto Digital Skyvey optical images of the detected galaxies. Grey comiatthe figures of
NGC 1023 and NGC 2685 correspond to the emission detectauléwer resolution data. The contour levels are given in d@blvith the grey contour given
in parenthesis. The 10 kpc linear scale is given in every pIGC 7332 is indicated with an arrow. Further informationtiea Hi in NGC 2685, can be found
in Jozsa et al. (2004a) and Jozsa (2006).

KDC, and counter-rotates with respect to the outer rotafidre the two galaxies. This interpretation is consistent witiderce

stellar population is old. found from theSAURON data and from Howell (2006). The stellar
In NGC 5982, a very small blob of Happears just offset(6 Egzmatt'ﬁs c:(;rlved ?ﬁngO\l show dreg;Lar r OI?UOCT’ Wlth a smal:

kpc) from the galaxy centre with a velocity 6§2830 kms*, within the central S arcseconds. The Ionised gas IS cerp

about 200 kms’ lower than the systemic velocity. TIRAURON with some regularly rotating structure in [[@] within the central
data show a small amount of ionised gas and an apparent KDC.10 arcsec, which seems to lead onto a larger-scale structating

The central gas rotates in the same sense as the KDC. Ther stell around the long axis (m'sa“gned by 90 degrees to stellatict).
population is old. The stellar population is young. NGC 7332 has been also wetec

in CO emission by Welch & Sage (2003) and they estimate an up-
For NGC 7332, an Hicloud is detectedetweerthis galaxy per limit to the molecular hydrogen contento x 107 M.

and the H-rich companion galaxy NGC 7339. The cloud of neu-

tral hydrogen is located about (~14 kpc) from the centre of

NGC 7332 (see Fidd1). The velocity of theiktloud (~1250

kms™!) is roughly similar to that of the western side of tha H

disc of the companion galaxy NGC 7339 but is also similar o th The galaxy NGC 1023 has a very extended and complex neutral

velocities of the ionised gas measured in the eastern sideeof  hydrogen distribution. This H has been studied in detail by

NGC 7332. The velocity of the Hcloud is, however, quite differ- Sancisi et al. (1984). Our observations are a factor of fivepde

ent from the anomalous high-velocity800 kms~! around the and have much better spatial and velocity resolution. The- mo

systemic velocity) ionised gas detected on the southemddithe phology of the H (see Fig[L), however, does not reveal any major

galaxy centre in NGC 7332 (Falcon—Barroso et al. 2004).1iéghe surprises compared to the study of Sancisi et al. (1984).atyel

tral hydrogen is likely to be a signature of some interactietween scales, the H appears, to first order, to be rotating around the

3.3 Complex H1 kinematics
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Figure 2. Position-velocity plots of some of the detected galaxiesntGurs levels are: NGC 1023;0.32,0.32 :

0.1 x 2 mJy beant!; NGC 2685:

—0.54,0.54 : 0.1 x 2 mJy bearnm!; NGC 3414:—0.25,0.25 : 0.01 x 2 mJy beant!; NGC 4278:—0.21,0.21 : 0.01 x 2 mJy beanT!.

galaxy. However, double-peaked profiles are observed gfnamut
the main body of H (see Fig[R), showing that large, systematic
deviations from circular rotation occur, while small compats
with opposite velocity gradients exist. Sancisi et al. @@ scribe
the distribution of H as reminiscent of the tails and bridges found
in interacting galaxies and this object may represent ampia
of a merger in an intermediate stage when the gas is stillén th
process of settling. Indeed, one of the brightest cloud$iénH|
distribution coincides with a faint optical companion. THe is
very clumpy, quite different in character from what we olsein
the other galaxies. Welch & Sage (2003) estimate an uppértbm
the molecular gas mass 69 x 107 M. From theSAURON data,
the stellar kinematics of NGC 1023 show a small but steadgttwi
in the rotation axis across tHeAURON field, consistent with the
presence of a large stellar bar. The ionised gas is patdimgugh
seems to rotate in a similar sense as stars and thélbl obvious
dust features are observed. Finally, the stellar popurdaisoold
with a slightly super-solar metallicity.

3.4 Undetected H | galaxies

For completeness, we briefly summarise the properties (iticpa
ular the optical properties derived from t8AURON data) of the
three galaxies undetected inlH

NGC 2549: the ionised gas shows a disc-like structure in the
central few arcseconds which is aligned with the stars, batdn
irregular distribution at larger radii, showing perpendés rotation
to the stars and a filamentary structure. The stellar pdpusare
of intermediate age and have super-solar metallicity.

NGC 5308 also has very discy stellar kinematics, with an ad-
ditional thin, edge-on disc in the central 5 arcseconds.Nisgon-
line gas was detected wiAURON. The stellar populations are old
with solar metallicity.

NGC 7457 is a regularly rotating flattened object, with a $mal
KDC inside the central 3 arcseconds. Not much ionised gasleras
tected; it has irregular structure at large radius, and goe@tcen-
tral rotating component, seemingly aligned with the KDCeBltel-
lar populations in this galaxy are quite young and have soktel-
licity. Observations of CO are reported by Welch & Sage (3003
which resulted in an estimated upper limit & x 107 M, for
molecular hydrogen.

4 COMPARISON WITH OTHER H1 SURVEYS

The survey of H in emission presented here represents one of the
few available so far for a representative sample of regualdydype
galaxies, where both imaging and kinematics of the gas &iodd

and where also detailed optical spectral maps are availltust

of the previous H surveys have used single-dish observations (see
e.g. Huchtmeier et al. 1983; Knapp et al. 1985). A summary of
the detection rates is given in van Gorkom & Schiminovich9@)9
and Knapp (1999) as well as in other papers (Roberts et al.;199
Bregman et al. 1992; Huchtmeier et al. 1995). Although the-mo
phological classification is always a source of uncertaititgse
authors estimate the detection rate for field E and SO galdaibe

5 and 20% respectively, whilst having a galaxy classifiedeasip

liar greatly enhances the chance of it being detected iinwith a
detection rate of 45% for Pec E and SO galaxies.

The surprisingly high detection rate of our observations is
likely to be due to a combination of the depth that we havehedc
and the fact that, unlike single-dish surveys, we have imabe
distribution of Hi in every galaxy, therefore being able to associate
to our target galaxies even small clouds of (duch as in the case
of NGC 5982). The results of our deepi linaging survey indicate
that, at faint detection levelshe presence dfl 1 could be a rel-
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atively common characteristic of many early-type galaxiethe
field. This is an important result, although it should be verifigd b
a larger sample.

Jura (1986) reported a high detection rate of E and SO galaxie
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shown that H emission is detected in 25% of the objects. Interest-
ingly, the most H-rich structures are associated with galaxies with
compact (or small) radio sources, i.e., objects similar @N1278
(see also Emonts et al. 2006b).

in the IRAS 60 and 100 micron bands, and deduced the presence

of cold dust that would presumably be accompanied by cold gas
He estimated that about one-third of the E/S0’s (and mayb®)mo
contain of the order of0® M, in H 1. Our HI masses agree nicely
with his prediction, but the detection rate is even highenthe
suggested.

The morphologies of the neutral hydrogen found in our survey
can be compared with the results from, e.g., van Driel & varei/o
den (1991). These authors have studied a sample selected &%
rich SO galaxies. These galaxies have neutral hydrogernitdittd
mainly in inner or outer H rings. The kinematics can be described
mainly by circular rotation — with cases of warped distribns
— and flat rotation curves. Compared to these results, oyrelee
survey has shown the presence of other cases wherelttsoiffset
compared to the optical galaxy suggesting a more complaxrgic
of the Hi properties of SO galaxies. In agreement with the results
of van Driel & van Woerden (1991), the average surface den-
sity found is only~1Mg pc™2, too low to sustain large-scale star
formation.

From the selection of early-type galaxies from the cross-
correlation of the H Parkes All-Sky Survey (HIPASS, Barnes et
al. 2001) and the RC3 catalogue, together with imaging Vello
up using ATCA (Sadler et al. 2000; Oosterloo et al. 2004, 2005
it has been shown that between 5 and 10% of early-type galaxie
are extremely gas rich (with Hmasses well abové0® M and
value of —1 < log(Mu1/Ls) < 0). In about 70% of these H
rich galaxies, the neutral hydrogen appears to be disatbunt ex-
tremely large (up to 200 kpc in diameter) disc-like struetuthat
are regularly rotating. At least some of these large dispsesent
remnants of a major merger event that occurred at ledsf yr
ago (Morganti et al. 1997; Serra et al. 2006). Our much delper
study of the nearbysAURON sample provides complementary in-
formation. Given the small size of our sample, it is not sisipg
that such extremely Hrich systems are not detected. It is inter-
esting to note, however, that, while in the early-types et by
HIPASS the H is mainly distributed in discs—consistent with the
results of van Driel & van Woerden (1991), although the HIBAS
detects larger structures—the fainter structures in th&AURON
galaxies appear to have more varied morphologies. This may i
ply that regular systems mainly occur in very gas-rich etrpe
galaxies.

From single-dish surveys it appears that peculiar galdaes
a higher detection rate. However, Hibbard & Sansom (2008) di
not detect neutral hydrogen in early-type galaxies clasbiis op-
tically peculiar using the presence of ‘optical fine struetishell,
ripples, plumes etc.). The failure to detect obvious tidal fela-
tures (although with observations not as deep as thosenpegse
here) suggests that if these fine-structures in early-tpfexges are
remnants of disc galaxy mergers, either the progenitore was-
poor and/or has been converted into other phases. Our séamule
indeed theSAURON parent sample) is formed by regular galaxies
where no major peculiarities have been observed (with tssiple
exception of NGC 2685). Nevertheless, we still have a vegh hi
detection rate of H. This further strengthens the conclusion that
the relation between a galaxy being classified as peculicrttza
presence of neutral hydrogen is not straightforward.

Finally, it is worth noting that a shallower study of neutral
hydrogen in a sample of radio galaxies (Emonts et al. 200&88) h

5 COMPARISON WITH OPTICAL PROPERTIES

We now consider the Hproperties in relation to the optical proper-
ties of the galaxies. We concentrate on the observationg mva
SAURQN, which generally cover the central regions of the galaxies
out to about an effective radius, corresponding to rouging or
two times the WSRT beam size.

5.1 Neutral hydrogen and theionised gas

The WSRT observations suggest that0% of early-type galaxies
in field or in low-density environments have neutral hydirngeor
comparison, the detection rate of ionised gas in theSABRON
(cluster and field) galaxies is 75% and it goes up to 83% fod fiel
galaxies. Our observations show that all the galaxies whenge

H 1 has been detected also have ionised-gas associated to them.

Although the linear scales studied wBAURON are very dif-
ferent from those observed with the WSRT, the similar higtuoc
rence of Hi and ionised gas suggests that most early-type galaxies
have a detectable amount of gas and that a link exists betthieen
two phases (ionised and neutral) of the gas. This is furthai-m
vated by the fact that earlier observations of a few galatiss
ing long-slit spectroscopy, e.g. NGC 3108, Jbosza et al48Ghd
IC 4200 Serra et al. 2006) have found that, despite the difter
scales involved, the kinematics of the ionised gas and theale
gas are very similar, suggesting that both gas phases drefpae
same structure. The combination of the WSRT data with thi opt
cal integral-field spectroscopy available for tBAURON galaxies
allows us to study this in more detail.

The panels in Fidl3 show the velocity fields of the, ldéf the
ionised gas and of the stellar component for three of the étur
jects in our sample with regular, disc-likeltldmission (NGC 2685,
NGC 3414 and NGC4278). We do not show the fourth galaxy
where a regular Hdisc has been found (NGC 4150) because the
very weak Hi emission makes it difficult to construct a meaningful
velocity field.

The velocity fields of Figll3 show that, regardless of the com-
plicated character of the kinematics of the ionised gas enveiry
central regions (in terms of, e.g., kinematical twists; alse Sarzi
et al. 2006), the gas kinematics of the outer edges of themsgi
covered bySAURON nicely match that of the corresponding very
inner data points of the Hdata. We have traced the position angle
and the absolute rotation as function of radius using thmbaic-
expansion method for analysing two-dimensional velociapmof
Krajnovic et al. (2006). The projected rotation curve idinked
asV(R) = bi(R), whereb, is the amplitude of the cosine har-
monic term, andR is the length of the semi-major axis of the best
fitting ellipse along which velocities were extracteéd.is related
to the circular velocity through the inclination) (of the Hi disk:
b1 = Viet(R) X sin(2). The ellipse position angle (PA) traces the
orientation of the maximum rotation on the maps. In Ely. 4 we
plot these two quantities for three galaxies with detecheg scale
disc-like Hi distributions (for which such an analysis is possible)
and compare them with the same quantities measured on the cor
respondingSAURON velocity maps (both of ionised gas and stars).
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Figure 3. Velocity fields of the neutral hydrogen, ionised gas andssfiar three of the four galaxies where regular #iscs have been detected: NGC 2685,

NGC 3414 and NGC 4278.

The SAURON data have higher resolution and show specific be-
haviour on small scales, but on large scales nicely conetiiet

H 1 kinematics. The agreement between the ionised and neasal g
is particularly good for the PA's, but the rotation velocaynpli-
tudes are also very consistent. In all three cases thersagithgas
PAs are strongly misaligned. NGC 2685 is a somewhat speasal ¢
because the orientation of the stellar velocity field cqroesis to
the orientation of the large scalelHlisc, suggesting an underly-
ing connection between these two components, while theaent
warp might be a more recent structure. The rotation of thikaste
component is generally smaller (as expected) than the ¢gtsom

A clear trend that is visible in our data is thgalaxies with
regularH | discs also have extended, kinematically regular struc-
tures in the ionised gagEven NGC 2768 may fit this rule. In this
galaxy a large, very regular (polar) disc of ionised gas égbat
does not have a regular neutral counterpart. Neverthetesdli
in this galaxy seems to be an extension of the polar ionissd di
and could be the outer remains of the accretion that leacetpdh
lar structure, so a relation between the &hd the ionised gas may
exist. Conversely, the galaxies with ‘offseti ldlouds’ have fainter
emission from the ionised gas, while also this ionised gasnse
to form a less regular structure. In NGC 1023, the galaxy with
large, less regular Hstructure, the kinematics of the ionised gas
is very similar to that of the neutral gas. In two (NGC 2549 and
NGC 7457) of the three objects withoutiHietection, there is ev-

idence of [O111] and H3 emission, but this emission is very faint
compared to the other cases mentioned above. NGC 5308 is the
only case completely devoid of ionised gas and also nohbls
been found. In NGC 5982 ionised gas is not visible in the divac

of the blob (or on that side of the galaxy). lonised gas emissi

is localised on the central 10with a tail going South and the gas
velocities are consistent with the redshift of the ¢loud.

5.2 Natureof the host galaxy

Our observations have revealed kh all four galaxies classified

as E in the RC3, and in five out of the eight SOs. This is perhaps
surprising, as one might have naively expected that theepoesof

an Hi disc is connected with a stellar disc, and that tHerefore
would be detected more often in the SO galaxies than in the tru
elliptical galaxies. This is clearly not the case. Morepwere of

the extended Hdiscs is found in the E galaxy NGC 4278.

The SAURON stellar kinematics show that early-type galax-
ies can be classified more physically as slow- and fastersat
based on a measure of their specific angular momentum (Eemsell
et al. in prep.), with the former being fairly isotropic andldty
triaxial objects, and the latter nearly axisymmetric andiatly
anisotropic (Cappellari et al. 2005). Nine of our objects farst-
rotators, and only three are slow-rotators (NGC 3414, NG@851
and NGC 5982).
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Figure 4. Radial profiles of position angle (top) and projected rotatturves (bottom) of the neutral hydrogen in three galatiasshow regularly rotating
structures (open symbols). For comparison, we have owttepl the same quantities for the ionised gas (dotted lamed)stars (dashed lines) as measured on
the SAURON velocity maps. We subtracted 3&0om the position angle of the stellar component in NGC 34#4fesentation purposes.

Fig.[ shows the classichl/o versus diagram for our twelve 1
objects. The data show no trend between the detection atior
morphology of the H and the dynamical type of galaxy. In particu-
lar, H1 is detected (including one Hlisc) in all slow-rotators while
all the Hi upper limits are found for fast-rotators. More generally, (g
H 1 detections are uniformly spread through {f&/ o, €) diagram.

If fast and slow rotators represent the relics of differamrtrfation
paths, this does not appear in the presence and distribotitire

Hi. 0.6

5.3 Neutral hydrogen and stellar population

Given the evidence linking the neutral gas to ionised gaspmem
nents and to evidence of accretion, it is natural to expedtla |
between the neutral gas content and episodes of star fomatle
therefore investigate whether the luminosity-weighted afthe
stellar population derived from th8AURON data (Kuntschner et
al. 2006 and Kuntschner et al. in prep.), withiRd using the pop-
ulation models by Thomas, Maraston & Bender (2003), comsla
with the presence or morphology of the neutral hydrogen.

We find that no clear trend emerges: a relatively young stel-
lar component can be found both in galaxies detected infe-y. €
NGC4150) as well as in g,alaXIGS undetepted (e.9. NGC7457). Figure 5. Ratio of ordered over random motidri/o versus the observed
Moreovler’ Hi detected galaxies can be dominated by an old .Ste”ar flattening e for the 12 objects in the sample studied in this paper (values
population (e.g. NGC 1023, NGC 3414, NGC 4278). In particula  taken from Cappellari et al. in prep.)
for NGC 1023 this is remarkable as the complex kinematichef t
H 1 in this galaxy suggests that significant accretion of gasleas
curred recently.

Fig.[ illustrates the distribution of the global stellaeagrsus
the Hi mass fraction{/mu1/L k). We use the K-band luminosity, in-
stead of the B-band, as it is much less sensitive to dust piisor

0.2

. The oblate isotropic rotator line (Binney 2005) is alsowshoThe Hi
morphology of each object is indicated by different symbuiangle: Hi
upper limits, filled squares: Hoffset blobs or messy, open squarest H
discs. Symbols with a circle indicate the three slow rotator
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Figure 6. Estimates of the luminosity weighted stellar age, as dérive
from the SAURON data within 1R. plotted against the Hmass fraction
(Mp ;/Lk). Arrows indicate upper limit to the Hmass fraction in galax-
ies with no gas detection. We use th&-band luminosity, instead of the
B-band, as it is much less sensitive to dust absorption sffectd because
it better traces the bulk of the dominant old stellar popaifabf early-type
galaxies.

effects, and because it better traces the bulk of the dormimdn
stellar population of early-type galaxies Although theistis is
extremely limited, it is intriguing to note that galaxiestiwa rela-
tively young stellar population are found among those witbva
H 1 mass-fraction. The galaxies with highi lthass-fraction tend to
have an old stellar component.

The typical column densities of the IHat the modest spa-
tial resolution of our observations) are relatively lownadst a few
times102° cm~2. This, therefore, confirms what was already found
in other Hi studies of early-type galaxies (e.g. van Driel & van Wo-
erden 1991; Morganti et al. 1997), namely that even in thesas
where a large reservoir of His found, the gas is spread over a
large area and therefore very diluted and not able to readbast
on large scales, a column density high enough for star fooméd
occur (Kennicutt 1989; Schaye 2004). This result has beemta
as an indication that a large IHeservoir can stay around for a
very long time without being consumed by any star formingvact
ity. This could mean that many systems acquire gas but thgairon
some this gas manages to form stars (sedFig. 6) and getswedsu
while in others this is not the case. Hence, we do not find any co
relation between the presence/morphology of theaHd the stellar
population.

However, it is worth noting that individual cases do exist

event that would leave a distinct marker in the stellar papoih as
would be the case in a merger, but perhaps more continuous sma
episodes of star formation from the smoothly acquired gherd-
fore, a correlation between the iIFAmount/structures and the age
of the stellar population would not necessarily be expesiade

the young stellar population would be small. This appeatseta a
realistic possibility for some of the galaxies in our san{skee also
Sectior[¥).

6 Hi1AND RADIO AGN

The nuclear activity in galaxies is often being explainedras
gered by merger and/or interaction processes. Torqueshautts
during the merger can remove angular momentum from the gas
in the merging galaxies and this provides injection of sasal
amounts of gas/dust into the central nuclear regions (sge,Mi-
hos & Hernquist 1996). This can lead to kinematically distitom-
ponents. The presence of gas associated with most of theemia
our sample and the presence of kinematically complex stieléa
tures (e.g., KDCs) suggest that at least some of the galagies
experienced an interaction/merger in their past, and miake®r-
esting to explore whether any relation exists between tiservied
characteristics of the gas and the presence of nucleareatdgsion
that could be the result of an active nucleus.

We have derived for each galaxy the flux of the radio contin-
uum (or upper limit to it) from the images obtained from theeh
free channels of our line observations. In eight of the 12xgak
the radio continuum is detected and it appears in all cases un
solved and coincident with the optical centre. The radiogravare
listed in TabldR. The galaxies are (with one exception, NGT3}
all low-power radio sources (i.es; 102' W Hz™ !, well below the
typical power of radio galaxies). At these levels of emissithe
radio continuum can be both due to an active nucleus or tdatar
mation in the nuclear regions. Based on the flat spectruncaypi
of the radio component, a study at 3.6 cm of nearby E/SO galax-
ies (with four objects in common with our sample) identified:
power AGN as the most likely source in a significant fractidn o
the objects (Krajnovit & Jaffe 2002). In addition to thisGK 4278
is a well-known weak radio galaxy where radio jets have béen o
served (Giroletti, Taylor & Giovannini 2005 and referenttesrein)
and where the radio emission is known to originate from théNAG
It is also worth noting that in most of the galaxies of our semp
the ionised gas appears to be excited by sources other tlsar©-

where the merger origin of the galaxy has been confirmed by the (given the high [Qi]/HS ratios), and that only in a minority of

similarities between the age of thel ldtructures and the age of the
youngest of the stellar population detected. In therldh early-
type galaxies IC 4200 and B2 0648+27 (Serra et al. 2006; Esnont
et al. 2006b, respectively) the age of the youngest stedipuiation
is found to be about 2 Gyr for IC 4200 and 0.3 Gyr for B2 0648+27
while the age of the H structure derived from the regularity of the
H 1 distribution (i.e., the neutral hydrogen must have had itine t
to complete 1-2 orbits) is (1-2 Gyr)1-2 Gyr. Thus, both dasgn
tics suggest that both these galaxies have formed betweerd 2 a
Gyr ago as a result of major mergers.

Another possibility is that the neutral hydrogen comes from
smooth, cool accretion of the IGM (see, e.g., Keres et al520@l
refs therein): in this case we do not expect a major star fooma

S0 galaxies has on-going star formation been observed (see a
Sectior[d and Sarzi et al. 2006). It is, however, still pdssthat
different physical mechanisms could account for the weakora
continuum sources in E and SO galaxies (e.g., Wrobel & Hegsch
1991).

Interestingly, Tabl€ll shows that the galaxies undeteated i
H 1 are also undetected in radio continuum (note that NGC 7332 is
indicated as detection in Hbut it is in fact an uncertain case as
discussed in Sectidn—3.2). The presence of a possible ctimmec
between the two (to be confirmed with a larger sample) suggest
that whatever the process is that brings the neutral gasoinid
these objects, it can also lead to the triggering of someigctn
the nucleus.



Neutral hydrogen in nearby elliptical and lenticular gales

7 ORIGIN OF THE NEUTRAL GAS

The similarities in the kinematics of the neutral and theided
gas suggest that they are simply two phases of the sameusguct
which share the same origin. Based on the distribution okihe-
matic misaligment between ionised gas and stars within tHe f
SAURON sample of E and S0s, Sarzi et al. (2006) conclude that the
gas cannot be all internal or all external. For fast-rotatialaxies,
there is a higher incidence of co-rotating gas and stargjesig
ing that the two are closely linked, favouring an internagior in
some cases. For slow-rotating galaxies, which tend to bedeu
and more triaxial, the kinematic orientations of the stard gas
have no preferred alignment, suggesting that externagétioorcan
explain the presence of gas in these systems.

Our Hi data show, in agreement with other studies (e.g.,
Knapp et al. 1985), that the distribution of the rafi61/Ls de-
rived from our observations is very broad and theddéntent is un-
correlated with the optical luminosity of the galaxy (uelithe case
of spiral galaxies). This can be taken as an indication oféereal
origin for the gas. In addition to this argument, in a largeefion of
the objects discussed in this paper, the distribution andriatics
of the Hi (i.e. off-set clouds/polar discs) clearly indicate an exte
nal origin. It appears, therefore, that at least small dimreevents
are very common in the life of every early-type galaxy. Iraies-
though an internal origin of the gas cannot be completelydrout,
it is difficult to identify any of our galaxies where the omgof
the Hi could becompletelyinternal (i.e., the result of stellar mass
loss). Even in the case of NGC 4150 where most of thecbimes
from a very small (galaxy-scale) disc that, in principleyicbhave
an internal origin, very faint K emission is also detected well out-
side the galaxy, while also the stellar kinematics show tkegnce
of a small kinematically decoupled core (composed of nedhfi
young stars) that seems to indicate that a merger/accretient
must have occurred in the recent past of this galaxy.
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merger/accretion event that not only can supply the lacgéegas,
but that is also able to supply a fraction of the gas to theearcl
regions. The typical time-scale of the radio emissivd’ (— 10®

yr) is much shorter than the time-scale the ean stay around
(see, e.g., Sectidn®.2), therefore either these low-pdv@N go
through multiple periods of activity or the activity is tggred at a
later stage of the merger (as it seems to be the case for mare po
erful radio galaxies, see, e.g., Tadhunter et al. 2005; Esnetnal.
2006b).

8 CONCLUSIONS

The main result of these observations is that, in terms ofi¢hral
gas, the class of early-type galaxies is extremely rich and darie
and that galaxies thairima facie appear very similar show sub-
tle but important differenceur detection rate of H(~ 70%)

is comparable to that ionised gas (75%, Sarzi et al. 2006% iEh
surprisingly high compared with earlier studies, likely ttonse-
guence of the fact that our HI data are a factor 50-100 dedger.
with the ionised gas, we find a variety of structures, inatgdireg-
ular distributions (likely the remnant of a recent accnetjicmall
polar rings, strongly-warped (up to 90structures, and extended
re gular discs (in some cases containing as muclasithe Milky
Way!). The peak column density in these discs is low - belawd(a
sometimes well below) a few tima®*° cm=2 - so no significant
star formation is occurring, implying that these d isks magwive
for a very long time.

A very clear correlation exists between the presence and the
properties of ionised and neutral gas. They share the sanee ki
matics, showing that they are two phases of the same steuctur
On the other hand, the correlation of the gas kinematicstialeu
and ionised) with that of the stars is quite poor. Most irggngly,
we find that neither the amount of gas, nor its kinematicsiecor

While mergers and small-companion accretions appear to be |ate clearly with the stellar dynamics: the galaxies witwsbtellar

at the origin of some of the observed: ltructures it is, however,
confusing to see that the stellar population does not refieqtres-
ence of a younger component related to a recent mergertfiaccre

rotation (likely to be ‘true’ elliptical galaxies) are alktected in
H 1, with some containing regular gas discs. Conversely, mény o
the fast-rotating galaxies (likely SO-like galaxies) aot detected.

An extreme case is NGC 1023 where, despite the large amount of This range of gas properties does not intuitively reflectstrac-

neutral hydrogen distributed in a complex and very clumpy wa
perhaps as a result of a recent interaction, only an oldcastedipu-
lation is observed. In other cases with more regular strastithe
H 1 column densities are low so that little star formation hasioed
and will occur so that the star formation triggered by thegeeis
a small fraction of the stellar mass and therefore difficuidétect.
In most of the galaxies in our sample, the evidence, from tiieal
point of view, of a recent merger/interaction are quite Eufexcept
for NGC 2685). This may again suggest that the neutral hyatrdg
able to stay around (given suitable conditions of the envirent)
for long periods without leading to obvious optical feagirk can
also indicate that instead of a merger event, theoHginates from
smooth, cold accretion of IGM. The possibility of formingsgvpo-
lar ring structures in this way has been described in Maddiore
& Stadel (2006). Indeed, this could be supported, at leastdme
cases, from the lack of relation between the presence of thentd
the age of the stellar population.

While steady cold accretion may work on large scales, it is
not clear whether a similar mechanism can also explain tbs-pr
ence of central stellar decoupled components as well asobs-p
ble connection between the presence of central radio aantin
and the presence of neutral hydrogen (Seclibn 6). If thia-rel
tion is confirmed by larger samples, a way to explain it is via a

tural differences between elliptical and SO galaxies, lngigests
that the relationship between the gaseous and stellar azenpmis
more complex than previously thought.

Moreover, the amount of neutral gases notppear to cor-
relate with the stellar population characteristics. Inwa frlaxies,
large amounts of H are detected while the luminosity-weighted
stellar population is purely old, showing no evidence ofrygstars
that may have formed from the gas. Conversely, there argigala
with a young luminosity-weighted age where no gas is detecte
This is contrary to the commonly held idea that accretionrardy-
ing trigger star formation in the central regions. This ®gjg that
other modes of accretion also exist, and may hint that ‘cotatea
tion’ does occur in some systems.

In the galaxies detected in IHve also detect radio continuum
radiation which may be from a small AGN or result from star for
mation. In the H non-detections, no such source is detected. This
suggests that whatever process brings the neutral gaslyetyae
galaxies, it can trigger some activity/star formation ie ttentral
regions.

Our survey indicates that the presence of neutral gas is com-
mon in field early-type galaxies, if sufficiently deep obsdions
are available. This is further supported by the fact thabtheerved
galaxies were not selected based on any peculiarity andetae r
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tively regular objects. Our results point to an externagjioriof the

gas, suggesting that gas accretion is common and does nu¢rhap

only in peculiar early-type galaxies. This may be connetteithe
high incidence of small-scale kinematical features in$A&RON

data. This accretion can happen in many different ways, and ¢

involve a very large range of masses. Also in spiral galaxdges
accretion events are found to be very common over theiirifet

(Naab & Ostriker 2006, van der Hulst & Sancisi 2004). From our

study it appears that the distribution, more than the amaditt | is
an important element in determining the morphology of tHaxga

Even in the very H-rich early-type galaxies, the neutral hydrogen

is always distributed over very large areas therefore itthaays a
very low column density, too low for star formation to occur.
Our current sample includes only 12 galaxies restrictedwo |

density environments, and the statistical validity of oesults is
therefore limited. Given the links that seem to be presetwéen
the characteristics of the neutral and ionised gas compgsni¢iis
important to re-examine also the cluster environment tty fexk-
plore the effect/importance that the environment has onmexsults.
In cluster galaxies, the fraction of ionised gas detectienderived

from theSAURON study — is about 55%, and therefore, if the rela-

tion holds, a significant number of galaxies may indeed shew n
tral hydrogen even in this more hostile environment.
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APPENDIX A: SERENDIPITOUSDISCOVERY OF A el A ¢

POSSIBLE OH MEGAMASER ]
All the H1 observations presented in this paper were carried out - / \ @ ]
g /@\ \ _

using the wide band (20 MHz) offered by the WSRT. This means
that emission can be detected over a wide range of veladiti¢ise
observations of NGC 4150, we have detected an emissiorelbcat
more thanl0’ from the centre of the field (i.e. NGC 4150). The ob-
served complex spectrum is shown in Figird A1. Two main peaks
are observed (at the frequencies~ofi428.24 and 1428.63 MHz),

but the emission covers a range of at leas3 MHz. If the emis- i v &
sion would originate from neutral hydrogen, it would copesd to |

Declination (J2000)

vl

3e|- -
a systemic velocity 0f-1700 kms™'. A more realistic possibility |
is that the detection corresponds to an emission line @éifiiefrom [ 4
L e T e (1 S0 [l o i
H1. 12810m00° 099553 09m50° 09™45° 09T40°

The total intensity of the emission superimposed onto aiR opt
cal image is shown in FiguEeZA2. As visible in the figure, thdsem
sion (located at R.A= 12"09™48" and§ = 30°37'52" J2000) Figure A2. Total intensity of the possible detection of an OH megamaser
has an optical counterpart, also identify as the IRAS solR&S in the field of NGC 4150.

F12072+3054. Continuum emission is also detected at tlaitoc
of the line emission. The flux of the continuum is 2Z0y.

We suggest that the detected emission could originate from a
OH megamaser, often found in IR bright galaxies (see e.gnBaa
Salzer & Lewinter 1998). The main lines of the hydroxyl emis-
sion are at 1665 and 1667 MHz. This would mean that the emittin
galaxy is located at ~ 0.17. If confirmed, this would represent
the first OH megamaser discovered serendipitously with tB&IV

Right Ascension (J2000)
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