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9Summary and
Conclusions

ABSTRACT

In this thesis, optical surface photometry and HI synthesis imaging of a sample of late-type dwarf
galaxies have been presented. In addition to a general study of the optical and HI properties, these
data have specifically been used for a systematic study of the rotation curve and dark matter
properties of late-type dwarfs. Here, the main results are summarized.

1 Surface photometry

For a sample of 171 late-type dwarf galaxies optical R-band
surface photometry has been presented. These observations
were used to obtain magnitudes, surface brightnesses and
disk scale lengths, and especially radial surface brightness
profiles from which the contribution of the stellar disk to the
rotation curve was derived. Despite the sometimes irregular
optical appearance of late-type dwarf galaxies, most of them
have surface brightness profiles that are well represented by
an exponential decline.

2 HI synthesis imaging

HI observations have been obtained for a sample of 73 late-
type dwarf galaxies, as part of the Westerbork HI Survey of
Spiral and Irregular Galaxies (WHISP), a project which is
being carried out at the Kapteyn Institute.

We find that the ratio of the HI extent to the optical
diameter, defined as 6.4 disk scale lengths, is on average
1:8� 0:8, similar to the range observed in spiral galaxies.
Most of the dwarf galaxies in this sample are rich in HI,
with typical MHI=LB of 1.5. The relative HI content MHI=LR

increases towards fainter absolute magnitudes and towards
fainter surface brightnesses. Dwarf galaxies with lower av-
erage HI column densities also have lower average optical
surface brightnesses.

3 Lopsidedness

We find that lopsidedness is as common among late-type
dwarf galaxies as it is among spiral galaxies. We find that
about 50% of the galaxies in our sample have strong or mild
asymmetries in their global profiles. About a third of the

galaxies have lopsided HI distributions. We draw atten-
tion to a number of galaxies that have lopsided kinematics.
These galaxies have rotation curves that rise more steeply on
one side of the galaxy than on the other. This kinematic lop-
sidedness is observed in 50% of the galaxies in our sample.
The commonness of lopsidedness, even in isolated galaxies,
and the fact that its effect pervades the entire velocity field,
suggest that lopsidedness is long-lived and structural to the
galaxy.

4 Rotation curves

For 60 out of the 73 galaxies for which we have HI data,
we were able to derive rotation curves. This has been done
with a method that to a large extent corrects for the effects
of beam smearing.

In contrast with most earlier findings, the rotation curves
of the late-type dwarf galaxies in this study generally have
shapes similar to those of spiral galaxies, although towards
lower luminosities the variation in shape increases. There
are several galaxies that have fairly flat rotation curves with
amplitudes as low as 60 km s−1. Whether or not the rota-
tion curves reach a flat part seems to depend on the radial
extent of HI, not on the amplitude of the rotation curve. The
shape of the rotation curves in the central parts is correlated
with the central concentration of light, implying that the to-
tal mass density scales with the luminous mass density. At
larger radii, the rotation curve shape does not appear to vary
with surface brightness or with luminosity.

5 Dark matter properties

We have presented mass models for a sample of 35 late-type
dwarf galaxies which have rotation curves of sufficient qual-
ity to allow detailed mass modeling. We find that in almost
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all of these dwarf galaxies the contribution of the stellar disk
to the rotation curves can be scaled up to explain most of the
inner parts of the observed rotation curve. Some of the re-
quired mass-to-light ratios are high, up to 15 in the R-band.
These maximum disk models are similar to those seen in spi-
ral galaxies, with comparable dark matter fractions within a
radius of four disk scale lengths. On the other hand, well fit-
ting mass models can also be obtained by completely ignor-
ing the stellar component. This demonstrates that the mass
models of late-type dwarf galaxies suffer from the same un-
certainties as those of spiral galaxies. Irrespective of the
contribution of the stellar disk to the rotation curve, the sim-
ilarity in shapes between the rotation curve of the stellar disk
and the observed rotation curve implies that the total mass
density is closely coupled to the luminous mass density in
the inner parts of late-type dwarf galaxies.

Well fitting mass models can also be obtained by scal-
ing of the contribution of HI to the rotation curve. HI scal-
ing factors between 3 and 10 are needed to explain the ob-
served rotation curves. This HI scaling factor is weakly cor-
related with surface brightness, in the sense that higher sur-
face brightness galaxies have higher scaling factors.

6 Stellar velocity dispersion measurements

The uncertainty in the contribution of the stellar disk to the
rotation curve is the main source of uncertainty in the mass
modeling. An independent measurement of the mass density
in the stellar disk can be obtained from the vertical stellar ve-
locity dispersion. A preliminary analysis has been presented
of a high-dispersion long-slit absorption line spectrum of the
late-type dwarf galaxy UGC 4325.

The observed vertical stellar velocity dispersion is 19�2
km s−1. From this we estimate the mass-to-light ratio of the
stellar disk to be between 0.5 and 2.0 M�=LR;�, provided
the intrinsic thickness of UGC 4325 is between 0.1 and 0.3
disk scale lengths. This low value of the stellar mass-to-
light ratio appears to be incompatible with the possibility
that UGC 4325 has a maximal disk, and it also seems to rule
out the existence of large amounts of dark matter within the
stellar disk. Over the observed radial range, the dark matter
has a radial distribution that is similar to that of the light,
and the vertical distribution of dark matter must be more
extended than that of the stellar disk.

7 Low surface brightness galaxies

We have obtained optical rotation curves for five low sur-
face brightness galaxies, which had previously been studied
in HI (de Blok, McGaugh & van der Hulst 1996, MNRAS
283, 18). These optical rotation curves do not confirm the
HI rotation curves, because the latter are affected by beam
smearing, caused by the low resolution of the HI observa-
tions. In addition to these five galaxies, our sample contains
HI rotation curves of another six galaxies with low surface
brightnesses and large scale lengths, similar to the galaxies
studied by de Blok et al (1996).

Both sets of data show the same results. The rotation
curves of low surface brightness galaxies have shapes simi-

lar to those of spiral galaxies. The contribution of the stellar
disk in these galaxies may be scaled to explain the inner
parts of the observed rotation curves, but, as was also found
for the late-type dwarf galaxies in our sample, high stellar
mass-to-light ratios would be required, up to 20 in the R-
band. We note, however, that equally well fitting mass mod-
els can be obtained with much lower stellar mass-to-light
ratios, and even by completely ignoring the stellar disk, in-
dicating the same uncertainty as is found in the mass models
of spiral galaxies is seen in low surface brightness galaxies.
As was found for the late-type dwarf galaxies in our sample,
the similarity in shape between the contribution of the stel-
lar disk to the rotation curve and the observed rotation curve
implies a coupling between the luminous mass density and
total mass density in low surface brightness galaxies as well.


