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1. Introduction

The presence of significant amounts
of interstellar matter (ISM) in early-type
galaxies has been recognised only in re-
cent years (see Macchetto et al., 1996
and references therein). The ISM ap-
pears to be more complex than in spiral
galaxies. Several components have
been identified so far: hot (107 K) X-ray
gas (typical mass range 108–1010 MA),
warm (104 K) ionized gas (102–104 MA)
and cold (< 100 K) atomic and molecular
gas (106–108 MA). The amount of X-ray
gas is directly related to the optical lumi-
nosity of the galaxy (White & Sarazin,
1991) as expected in a cooling-flow pic-
ture (e.g. Thomas et al., 1986). The HI
content (Knapp et al., 1985), dust con-
tent (Forbes, 1991) and CO content
(Lees et al., 1991) are found to be un-
related to the stellar luminosity in con-
trast to what is observed in spiral galax-
ies. It seems therefore that the hot ISM
is a bulge-related phenomenon and the
cold  component  is  disk-related,  with
little interaction between the two. Recent
studies revealed that the presence of
dust and gas in early-type galaxies is the
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rule rather than the exception (Bregman
et al., 1992).

There are two main sources for the
observed non-stellar material: either it is
coeval with the stars, resulting from stel-
lar mass loss or it is accreted from out-
side in a second event in the galaxy his-

tory. Faber & Gallagher (1976) investi-
gated how much gas may be produced
by stellar evolutionary processes. As-
suming a stellar mass-loss rate of 0.015
MA/ year, 109–1010 MA of gas can be ac-
cumulated over a Hubble time for a typi-
cal elliptical galaxy. In the accretion sce-

TABLE 1: Object list.

Object RSA Type RC3 Type BT cz
[km/s]

NGC 484 SA0– 13.1 5200 imaging
NGC 745 S0+pec 14.0 5953 imaging
NGC 1395 E2 E2 10.5 1699 imaging
NGC 1453 E0 E2–3 12.6 3933 imaging & spectroscopy
ESO 118-G34 S00pec 13.5 1171 imaging
NGC 1947 S03(0)pec S0– pec 11.6 1157 imaging
NGC 2974 E4 E4 11.9 2006 imaging & spectroscopy
NGC 3962 E1 E1 11.6 1818 imaging & spectroscopy
NGC 4636 E0/S01(6) E0-1 10.4   927 imaging & spectroscopy
NGC 5846 S01(0) E0-1 11.0 1710 imaging & spectroscopy
NGC 6868 E3/S02/3(3) E2 11.7 2858 imaging & spectroscopy
ESO 234-G21 SA00pec 13.9 5430 imaging
NGC 7097 E4 E5 12.6 2539 imaging & spectroscopy
NGC 7302 S01(4) SA(s)0– 13.2 2586 imaging
IC 1459 E4 E 11.0 1691 imaging

[O III] imaging surveys would be useful.
Whilst there are differences between

the abundances of the two Sagittarius
PN – He 2-436 has a low N abundance –
the values generally bracket the abun-
dances for the Fornax PN. The O abun-
dances of He 2-436 and Wray 16-423
differ by only 0.08 dex and the mean of
both is 12+Log(O/H)=8.35. The value for
the Fornax PN is 8.5 (Danziger et al.,
1978). Whilst the O/H abundances of
these three PN are lower (by p0.4 dex)
than the average for Galactic PN, they
are not as low as that of Compact Blue
Galaxies ([O/H]p8.1, e.g. Pagel & Ed-
munds, 1981), indicating that the PN be-
long to later generations of star forma-
tion. The PN can therefore be regarded
as arising in an intermediate-age popu-
lation and provide a unique diagnostic of
the abundances of the light elements,
which are difficult to determine from stel-
lar spectra. Mateo et al., (1995) derived
an Fe/H abundance of 8% compared to
solar for the Sagittarius dwarf, suggest-
ing that [O/Fe] (log O/Fe) is R0.6. Inci-

dentally, the errors on the oxygen abun-
dance are much lower than the errors on
the Fe abundance, the latter measured
from the integrated stellar population.
The [O/Fe] value in the Sagittarius dwarf
is higher than for the Galaxy and the
Magellanic Clouds (R0.45 and –0.3 re-
spectively, Richer & McCall, 1995), con-
sistent with the galactic evolution mod-
els of Matteucci & Brocato (1990).

Although only three planetary nebu-
lae have so far been confirmed in dwarf
spheroidal galaxies, they clearly have a
pivotal role to play in understanding the
star-formation history in these dwarf gal-
axy systems.
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nario, a typical elliptical galaxy may col-
lect up to Q 1010 MA of gas over a
Hubble time by interaction with its envi-
ronment (Schweizer, 1983). The con-
spicuous class of dust-lane ellipticals
are explained in this framework. A gase-
ous disk in an elliptical galaxy which is
seen close to edge-on (i Q 80°) appears
as a dust-lane crossing the stellar body
(see review by Bertola, 1992) Disks
which are not almost edge-on are more
difficult to recognise, and can usually be
detected only by the presence of emis-
sion lines which arise from the ionised
gas which is associated with the dust.
The key argument in favour for the exter-
nal origin of the gaseous matter is that in
many cases the kinematics of gas and
stars are decoupled.

Physical properties of the ISM are ex-
pected to hold clues to the formation and
subsequent evolution of elliptical galax-
ies both as dynamical systems and as
aggregate of ageing stars. One ap-
proach of the ESO Key Programme “A
search for dark matter in elliptical galax-
ies” (Bertin et al., 1989) to trace the radi-
al mass distribution was to study ellipti-
cal galaxies with embedded gaseous
disks. Observations and modelling are
described in a series of three papers
(Buson et al., 1993; Zeilinger et al.,
1996; Pizzella et al., 1996). A sample of
15 elliptical galaxies with extended
emission was selected for this study (Ta-
ble 1). Narrow-band imaging in the light
of the [N II]+Hα lines carried out at the
ESO/MPI 2.2-m telescope was used to
study the distribution of the ionised mat-

ter. A subsample of six objects, which
have the most disk-like gas distribution,
was selected for long-slit spectroscopy
at the ESO 3.6-m and ESO/MPI 2.2-m
telescopes in order to map the gas ve-
locity field. The photometric and kine-
matic results were then used to con-
strain the intrinsic shape and mass dis-
tribution of the host galaxy.

2. Physical Properties
of the Ionised Gas

The ionized gas is usually confined to
the inner regions of the galaxy extending
typically 5–15″ from the nucleus. The
distribution of the gas appears to be
regular. The isophotal major axes of the
stellar and gaseous components are fre-
quently misaligned. The isophotes of the
gas disks are found to be significantly
flatter then those of the stellar distribu-
tion supporting the model of an inclined
disk. The surface brightness profiles of
the gaseous disks closely follow an R1/4

law with an effective radius smaller than
the one of the stellar component. This is

Figure 1: Distribution of inclination angles for the programme galaxies derived gas disk geome-
try under the assumption of a circular structure.

Figure 2: Relative [N II]/Hα flux ratios as func-
tion of distance from the galaxy centre for four
programme galaxies.                                      E



32

part of the galaxy are interpreted as
high-velocity dispersions indicating a dy-
namically rather hot gas component.
The kinematic data in the central parts of
the galaxy (typically R < 4″) are certainly
affected by seeing. The lines are blurred
and consequently velocity gradients are
lowered and lines become broadened.
Simulations showed that seeing effects
may produce an artificial increase of the
velocity dispersion to a maximum of 150
km/s. The observed peak velocity dis-
persions are however in the range of
200–250 km/s. This could be evidence
for a pressure-supported gas in central
regions of the galaxy (e.g. Bertola et al.,
1995).

The spectra of all the sample galaxies
are characterised by LINER-type emis-
sion indicating nuclear activity as de-
scribed by Demoulin-Ulrich et al.,
(1984). The typical [N II]/Hα ratios found
are > 2 in the central parts of the galaxy
(Fig. 2). Hot stars can therefore be ruled
out as the only sources of ionisation. A
similar conclusion was reached by Phil-
lips et al. (1986) for “normal” early-type
galaxies. Comparing the radio continu-
um emission of the programme galaxies
with a complete sample, it turns out that
galaxies with ionised gas disks have ra-
dio powers typically 10–15 times higher
then “normal” ellipticals. This would sug-
gest that an active nucleus contributes
to the ionisation of the gas disk as is also
the case for more powerful FR II radio
galaxies (Baum & Heckman, 1989)

Figure 3: Mass distribution of the three ISM components of the sample galaxies: dust (blue
histogram; data from Knapp et al. 1989), ionised gas (green histogram; data from Buson et al.
1993) and X-ray gas (red histogram; data from Roberts et al. 1991).

Figure 4: Narrow-band image of NGC 3962 in
the light of the [N II]+Hα emission lines ob-
tained at the ESO/MPI 2.2-m telescope with a
typical seeing of Q 1.1″. The image reveals
two distinct ionized gas components: an inner
disk-like structure and an outer arc-like struc-
ture.

in contrast to the distribution of neutral
hydrogen in spiral galaxies, where the
density profile of the gaseous disks
obeys an exponential law with a scale
length usually larger than that of the stel-
lar disk (see Wevers, 1984, Kennicutt,
1989). The distribution of inclinations of
the sample was derived assuming that
the disks are fundamentally flat struc-
tures of circular shape. The inclinations
range between 45° to 60° (Fig. 1). The
lack of face-on disks (i Q 0°) is due to the
fact that the disk is a low-surface-bright-
ness structure and therefore can hardly
be seen against the bright background
of the galaxy. On the contrary, galaxies
with edge-on disks (i > 75°) will appear
as a dust lane due to the absorbing mat-
ter associated with the gas.

The observed gas kinematics is
found to be consistent with the picture of
the ionised gas being distributed in regu-
lar disk-like structures. The rotation pat-
tern follows closely the geometry of the
line-emitting region. The presence of
large emission-line widths in the central
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counter-rotating gas components were
discovered (Fig. 5).

3. Gaseous Disks as Probe for
the Galactic Potential

The programme galaxies for the
modelling were selected as the cases
where we established the presence of a
regular disk, settled in the potential of
the host galaxy (Christodoulou et al.,
1992; Katz & Rix, 1992). The gas should
then occupy the simple closed orbits of
the potential. Earlier work used circular
orbits in spherical potentials to model
the observed gas kinematics (Caldwell
et al., 1986 in the case of NGC 7097).
Bertola et al., (1991) used triaxial mass
models with a separable potential to
model the observed gas kinematics of
NGC 5077. These models incorporate
the proper shape of the galaxy and allow
an exact analytic description of the ve-
locity field, but correspond to density
profiles with finite density cores. As a re-
sult, the elliptic closed orbits become
very elongated in the central region and
are unlikely to give the correct descrip-
tion of the gas motions there. In the

Figure 6: NGC 5077: lower panel: Mass (full line) and light (long-dashed line) density profiles.
upper panel: local M/LB ratio as a function of radius.
The vertical lines define the regions where the modelling results are valid. The inner limit is
defined by the seeing while the outer limit is given by the last observed kinematical data point.
H0 is 50 km/s/Mpc.

Figure 5: Ionised gas kinematics of NGC 6868 derived from the [N II] A 6583.4 Å line. The
spectrum was obtained at the ESO/MPI 2.2-m telescope equipped with EFOSC2. The typical
seeing was Q 1″ during the exposure. The lower panel displays the radial velocity curve. In the
upper panel the velocity dispersion profile is shown.

The mass distributions of the different
phases of the ISM are displayed in Fig-
ure 3. The median mass of the X-ray gas
is Q 1.5 × 109 MA. A median dust mass
of 8 × 105 MA was derived using IRAS
measurements as indicator for the cold
ISM component. If the dust/gas ratio of
the Galaxy applies also to the sample
galaxies the median H I mass would be
of the order 8 × 107 MA. The median
mass of the ionised gas is only 6 × 104

MA which, however, would be about 10–
100 times higher than in “normal”
early-type galaxies of similar optical lu-
minosity. The ionised gas is probably
closely related to the cold (atomic and
molecular) component of the ISM as
also suggested by Macchetto & Sparks
(1992). Under this assumption the ion-
ised gas would contribute significantly
less than 1% to the total mass of the cold
component. The kinematics of the ion-
ized gas would consequently be domi-
nated by the underlying cold gas disk
and the amount of ionized gas which is
seen will depend on the number of ion-
ised photons available rather than on
the amount of gas present. This would
also explain why the gas velocity field is
regular despite a morphology which in
some cases appears disturbed.

The analysis of the observational ma-
terial revealed a number of peculiarities
strongly supporting the view that signifi-
cant amounts of gas result from external
accretion. NGC 3962 exhibits two dis-
tinct gas structures: an elongated cen-
tral disk-like component and an arm-like
structure extending from the major axis
of the inner gas disk (Fig. 4). The line of
nodes of the two components are signif-
icantly misaligned. In NGC 6868 two
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present study, a family of non-rotating
triaxial mass models was used with a
central density cusp as observed in the
centres of many ellipticals (Crane et al.,
1993). These models allow for variations
of ellipticity and position angle of major-
axis isophotes. They are described in
detail by de Zeeuw & Carollo (1996).

Out of the original sample only three
galaxies (NGC 1453, NGC 2974 and
NGC 7097) turned out to be suitable for
modelling. In the remaining objects ei-
ther presence of several gas compo-
nents or non-regularities in the velocity
field preclude modelling with the gas
settled on simple closed orbits. The data
of NGC 5077 were also modelled to be
compared with the results of Bertola et
al. (1991). The new model is found to be
in reasonable agreement, but better
constrained due to the more restrictive
geometry (allowing for isophotal twist-
ing). The modelling yielded for NGC
2974 and NGC 7097 that the gas moves
on a plane perpendicular to the intrinsic
minor axis while in NGC 1453 and NGC
5077 the gas occupies a plane perpen-
dicular to the intrinsic major axis of the
galaxy. This would also support the view
of the external origin of the gaseous
matter.

The resulting mass and light density
profiles together with the radial trend of
the local M/LB ratio of NGC 5077 is dis-
played in Figure 6 as an example for the
whole sample. The derived M/L profiles
do not show significant radial variations.
The M/L ratio seems to be higher for ob-
jects of higher optical luminosity. A mean
value of M/L Q 5 MA/LA within 1 Re was
derived for the sample. This suggests
that the central regions of elliptical gal-
axies are essentially dominated by lumi-
nous matter while dark matter becomes
dynamically important only in the range
of 2–3 Re; in this region, however, one
has to use the information provided by
the stellar kinematics (e.g. Saglia et al.,
1993; Bertin et al., 1994; Carollo et al.,
1995) or resort to other tracers of the
gravitational field (Bertola et al., 1993).
The use of X-ray data, which extend out
to typically Q 7 Re is not straightforward
(c.f. Bertin et al., 1993), although a re-
cent combination of ASCA and ROSAT

data allowed more precise constraints
on the mass distributions for NGC 720
and NGC 1332 (Buote & Canizares,
1997).

The ionised gas proves to be a good
tracer of the potential of the host galaxy
when compared with stellar kinematical
results as in the case of NGC 2974 (Cin-
zano & van der Marel, 1994).
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The long-standing effort in studying
type Ia Supernovae (SN Ia) has been
motivated in part by their use as dis-
tance indicators. Several publications

have recently been devoted to the ab-
solute  calibration  of  SN Ia  up  to  the
distance of the Virgo cluster using the
Cepheids  discovered  by  HST  in  the
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SN parent  galaxies.  It  is  now  com-
monly believed that the average abso-
lute magnitude of SN Ia at maximum is
close to MB= –19.5, while the average

Werner Zeilinger
e-mail: wzeil@doradus.ast.univie.ac.at


