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Chapter 5
Conclusions and future
prospects

5.1 Conclusions

Apart from the earlier discovery and notation of objects like M110 by Charles Messier,
the class of dEs with their intriguing properties, arrived on the scene of extra-galactic
research in the late 1930s, after the discovery of the Fornax and Sculptor galaxies by
Shapley (1938). Since then many questions have been posed about their formation
and evolution and how they fit into the current picture of galaxy classification. These
questions remained unanswered for a long time, mainly because of the low surface
brightness of these systems, which in turn contributes to the hardship of obtaining
high quality spectroscopic observations. In order to address these relevant questions,
we have to rely on the detailed analysis of the stellar populations and kinematics of
nearby dwarf galaxies. In this thesis we set out to conduct a study of stellar populations
and kinematical properties of dEs, in the Fornax cluster, with the use of state-of-the-
art integral field spectroscopy with the MUSE and VIMOS instruments on the VLT.
This allowed us to probe these galaxies using relatively high spectral resolution and
with the advantage of a large spatial coverage. The MUSE instrument also enables the
study of a broad wavelength range to also include the mostly unexplored NIR spectral
region.
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In this section we will highlight the main conclusions from this thesis and we will
present an overview of the addressed questions and future possibilities in this field.

As a first step in analysing dwarf early-type galaxies in a cluster environment, we
made use of MUSE IFU observations to study NCG 1396 in the Fornax cluster. These
deep observations allowed us to study all components of this galaxy, as a function of
galacto-centric distance, in order to construct an assembly time line time line of the
formation episodes. The stellar populations serve as a fossil record of the build-up
and also of external processes that influenced the galaxy in the cluster environment.
In Chapter 2 we analysed the stellar populations of NGC 1396, using line-strength
measurements of various spectral indices together with full spectral fitting. From this
we were able to constrain the chemical abundance ratios and also the IMF with the
use of gravity sensitive spectral features. We found that:

• the luminosity-weighted age of NGC 1396 was found to be ∼ 6 Gyr, which is
similar to ages found up to now in dEs within a similar mass range. By analysing
spectra from different elliptical radial bins we found a positive age gradient which
also corresponds with findings from recent photometric studies in which a blue
core region has been found for this galaxy. We also found a negative metallicity
gradient which is expected from a younger central population.

• abundance ratios obtained from the near infra-red spectral absorption features
e.g., CaT and NaD revealed an unusual over-abundance in calcium in combina-
tion with an under-abundance in sodium. When comparing these abundances
with resolved abundance measurements of Local Group dwarf galaxies and the
Milky Way, as well as with unresolved measurements of ETGs, we notice a
correlation between [Na/Fe] and [Fe/H] extending from NGC 1396 to giant
elliptical galaxies. A possible explanation for this correlation could be a strong
metal dependence of the sodium enrichment yields.

• the star formation activity together with the abundance estimates point to an
extended star formation period in which the stellar populations underwent a
disk-like build-up. We also found a significant difference in the luminosity- and
mass-weighted ages, which also ratifies the extended nature of the population
build-up.

• in fitting the galaxy spectra with a variety of stellar population models, the IMF
was found to be consistent with a Kroupa-like or top-heavy distribution. We
firmly rule out a bottom-heavy IMF, which is also known to be the favourable
distribution for most massive ETGs.

The study, as presented in Chapter 2, has the advantage of providing a complete
picture of a single typical dE, which includes a detailed description of its stellar
population properties. However, in order to also study the environmental influence
on these dwarf galaxies, it is necessary to study a sample of cluster dwarfs with a
large spatial distribution. In Chapter 3, we presented kinematics of a sample of ten
dEs in the Fornax cluster. These galaxies (FCC 143, FCC 148, FCC 152, FCC 190,
FCC 249, FCC 255, FCC 277, FCC 301, FCC 55, FCC 43) were chosen as part of
a magnitude limited sample of 20 dEs of which 10 were observed with the VIMOS
IFU spectrograph. We analysed the rotational support in terms of the specific stellar
angular momentum, λR, as function of cluster-centric distance. We also placed our
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sample on the Fundamental Plane for comparison with a sample of Virgo cluster dwarfs
and the relation for more massive ETGs. We concluded that:

• For both the Fornax and Virgo cluster dwarf galaxies we note an offset from
the canonical Fundamental Plane, compared to the relation observed for giant
elliptical galaxies. This suggest that dwarf galaxies have higher mass-to-light
ratios compared to giant ellipticals which are caused by different SFHs.

• two galaxies in our sample contained KDCs. Due to the high velocity encounters
in the cluster environment, this is not a likely structure to develop in dwarf
galaxies with shallow gravitational potentials. It is therefore suggested that
these structures are more likely formed by lower velocity encounters between
galaxies in a smaller and less dense group or proto-cluster environment.

• a similar amount of rotational support is observed for our sample compared to
dEs in the Virgo cluster. In general it is less than that of massive ellipticals. We
also notice a slight trend in the rotational support, λR, as a function of cluster-
centric distance. The fact that centrally located dEs are more pressure supported
than those found in the outskirts of the cluster indicates an environmental effect
which could be responsible for removing some of the initial angular momentum
of the in-falling galaxies

In Chapter 4, we applied a stellar population analysis on the same sample as
presented in Chapter 3. The population analysis entails the use of the full spectral
fitting method in comparison with the more conventional line-strength index analysis.
We also compared different scenarios in the population fitting, which involves fitting
a single SSP, a combination of two SSPs of which the old population is fixed, and a
weighted combination of all possible populations. We presented SFHs and metallicities
for all galaxies in the sample. From this we showed that:

• four out of ten dEs in our sample could be best described by using two population
components, which include a younger and more metal-rich central population on
top of an old metal-poor population. Our sample displays a large range in ages
between 2 and 14 Gyr as obtained from the full spectral fitting and line-strength
index methods.

• the obtained metallicity values, from both methods, ranged between -0.9 and 0.2
dex. We indicated with the use of index diagrams that all the systems, except
for FCC 249, have solar-scaled abundance ratios for the α-elements.

• from two different morphologically defined groups in our sample we find that
a gradient exists as function of cluster-centric distance. The more extended
dEs, which are also slightly younger (FCC 43, FCC 148 and FCC 152) have an
average cluster-centric distance of 147 arcmin compared to the more compact
and relaxed pair (FCC 143 and FCC 249) which is at an average distance of
86 arcmin from the cluster centre. It will be interesting to see whether this
suggested trend is confirmed with larger samples in the Fornax cluster, such as
the SAMI survey (See 5.2.1)

In review of the various questions on the formation and evolution of dEs, and their
possible transformation due to the subjection to harsh cluster environments, we note
the following:
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• In ruling out a bottom-heavy IMF in the typical early-type dwarf galaxy NGC
1396 we indicate that the stellar population is dominated by more massive stars
as opposed to the low mass stars that describe a bottom-heavy IMF distribution
as seen in most massive elliptical galaxies. A variation in the IMF found for
dwarfs, compared to those typically found for giant elliptical galaxies, indicate
a different formation history and also different physical processes at the time
when the bulk of the stars were formed (Cappellari et al., 2012).

• Another important clue to the environmental conditions to which dEs were
exposed during their formation lies in their structural build-up. The discovery
of KDCs in dEs revealed that the opportunity existed for low velocity encounters
with other systems, which likely took place in less massive group environments
(De Rijcke et al., 2004). Smith, Davies & Nelson (2010) showed that in-falling
dwarf galaxies in a cluster environment are only mildly affected by typical high
speed encounters and show little observable signs of these interactions. Based
on the number of KDCs observed in dEs in recent years, it is highly unlikely
that these structures were formed in their current cluster environment.

• A rotational support gradient with cluster-centric distance also provides ev-
idence in the transformation scenario, in which galaxy harassment and tidal
interactions play a role in decreasing the angular momentum of in-falling dwarf
galaxies. The angular momentum is mainly removed in lower energy encounters,
believed to happen in groups, which might raise the question of its effectiveness
in denser cluster environments. We know that these mechanisms, acting in
cluster environments, have a definite impact on the angular momentum due to
the fact that rotational support gradients have been observed in the Virgo and
Fornax clusters.

5.2 Prospects for future research

5.2.1 Future integral field unit capabilities and surveys

Since the introduction of IFU instruments, many new instruments have been developed
and large surveys have been launched and followed by more advanced programmes.
Currently, instruments like MUSE provide a broad wavelength range and high spatial
resolution, which we used to show the effectiveness in probing the kinematical and
population properties of low surface-brightness dwarf galaxies. In using a broader
wavelength range to include the NIR region and higher spectral resolution we are
currently able to e.g., constrain the IMF, as shown for NGC 1396, and determine SFHs
and chemical abundances of unexplored elements. However, this outstanding ability to
examine dwarf galaxies in detail and uncover more general and type-specific properties
will be most useful if combined with large surveys to effectively use the large numbers
of dEs in galaxy clusters to our advantage. It will thus be important to obtain data on
larger, statistically significant, samples of cluster dwarfs. For this purpose, ongoing and
future IFU instruments and surveys that aim to address these shortcomings include
the SAMI (Sydney-AAO MOS IFU) instrument (Konstantopoulos et al., 2013), aiming
to provide a wide-field survey of up to 5000 galaxies. The MaNGA (Mapping Nearby
Galaxies at APO) survey, (Bundy et al., 2015) has the purpose to provide spatial
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coverage of ∼ 10000 nearby galaxies spanning almost 3 orders of magnitude in galaxy
mass. The Hector instrument (Bryant et al., 2016) will serve as a next generation
multiplexed integral field spectrograph based on the SAMI instrument, with improved
spectral resolution and wavelength coverage. A sample of 100 000 galaxies will be
studied while being able to probe many galaxies out to 2 effective radii. Instruments
like WEAVE (Dalton et al., 2012) and 4MOST (de Jong et al., 2012) will have very
similar spectral characteristics to provide large numbers of high resolution spectra.
Although many different science cases could be served, these two instruments could
also allow the possibility of a full sky complementary survey as observed from both
hemispheres.

These surveys will contribute vastly to our current understanding of galaxy
formation and evolution especially in the lower mass regime where many questions
are still unanswered.

5.2.2 Dynamical modelling with globular clusters as kine-
matical tracers

With more simultaneous IFU observations, which cover a larger field of view, it is
possible to create more efficient observing strategies to maximise the scientific impact
of the data. In addition to studying SFHs, GCs of a dwarf galaxy can be studied
and used as kinematical tracers. For NGC 1396 we have started dynamical Jeans
modelling with the inclusion of the globular cluster system as discrete tracers and will
be followed up in future studies. With upcoming MUSE observations on dwarfs, the
inclusion of the GC system could prove very rewarding when the possibility exist of
probing the galaxy to much larger radial distances compared to what is possible when
using only the extent of the integrated light from the stellar halo. This could reveal
key aspects and answer fundamental questions about the dark matter fraction in these
systems.

5.2.3 Constraining the dark matter distribution and mass
profiles

A large spatial coverage, as already available from current IFU instruments, can be
used to study the distribution of dark matter (DM) in which the galaxy is embedded.
It has been shown that dEs have a non-negligible DM fraction inside their half light
radius (Toloba et al., 2015a). The radial baryonic mass profile could be used to better
constrain the DM distribution in the galaxy to larger galacto-centric distances. The
DM fraction can also be linked to the question on the universality of the IMF in these
systems, which is still not very well studied in dEs.

5.2.4 Linking properties of current-day early-type dwarfs
to their higher-redshift predecessors

Early-type dwarfs in the present-day universe are inherently different compared to their
higher redshift predecessors. This is in part due to the different formation conditions
that dominated at earlier formation episodes, which also resulted in a different star-
formation efficiency. In order to establish a connection between earlier dwarfs and the
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DM halos that are currently occupied by dwarf systems, we need to be able to study
stellar populations in dwarf galaxies at various redshift. Although dwarfs have already
been discovered in the Frontier fields (clusters at z ∼ 0.5), the task of obtaining stellar
population information from dwarf galaxies, more distant than our closest galaxy
clusters, is still very difficult due to their low surface brightness. Parallels should rather
be drawn from the evolution of the stellar populations in giant elliptical galaxies, as
obtained from their high redshift predecessors to current-day ETGs and those found
in dEs today.

Although substantial progress has been made in the observation of early-type dwarf
galaxies and in understanding some of the questions raised in this thesis, we will
always be in need for an improved technological reach. Not only will this result in the
resolution of past uncertainties but it will almost certainly create new questions to be
investigated.


