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Chapter 1
Introduction

Dwarf spheroidal galaxies (dSphs) are the smallest and most numerous type of
galaxies in the Universe. They all contain ancient stars (>10 Gyr old), show

no current star formation and are devoid of gas. dSphs are in general satellites of
much larger galaxies, and in the Milky Way (MW) system they are predominantly
found within 300 kpc of the MW. Because of their vicinity, we can study dSphs in
great detail and this should in principle facilitate our understanding of these objects
in terms of galaxy formation and evolution.

The large mass-to-light ratios inferred by their kinematics indicate that dSphs are
the most dark matter (DM) dominated systems we know of and that they are the
smallest objects which contain DM. This makes dSphs valuable testing grounds for
DM theories.

In this thesis I concentrate on the study of two satellites of the Milky Way, the For-
nax and Sculptor dSphs. I used wide field photometry and spectroscopy of individual
stars to extensively study their properties, and improve our understanding of galaxy
formation and evolution on the smallest scales.

1.1 Galaxy formation and evolution
Understanding how galaxies form and evolve is one of the main unsolved problems in
astrophysics.

It is widely agreed that the Universe started from a very hot and dense state, which
then rapidly expanded through a phase called “inflation”. Small adiabatic density
fluctuations in the initial conditions provided the seeds from which structures formed
in our expanding Universe. As Primack (2001) said: “The evolution of adiabatic
fluctuations is easy to understand if you just remember that gravity is the ultimate
capitalistic principle: the rich always get richer and the poor get poorer.....”, i.e. those
regions in the Universe that start out with a little higher density than average expand
slower than the rest and become continuously denser; conversely, the regions that have
lower density than average, expand faster and become less dense. When some regions
reach the appropriate density, they stop expanding and start to collapse, i.e. they
decouple from the expansion of the Universe. It is during this collapse phase, which
affects both DM and gas, that structures in the Universe are created.
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Figure 1.1: Schematic representation of
the Milky Way system. The stellar part of
the Milky Way system consists of a bulge
(small dashed circle), a thin and a thick
disk (filled and non-filled central ellipses), a
stellar halo (dashed circle), which contains
stars and globular clusters, and a num-
ber of satellite galaxies most of which are
dSphs (small ellipses). The visible matter
is thought to be embedded in a large dark
matter halo (solid circle).

The collapse of gas inside DM halos and its subsequent transformation into stars
is what creates the amazing variety of galaxies that we see today: spiral, elliptical and
irregular galaxies, of a wide range of sizes and masses. We observe the evolution of these
galaxies through their baryonic component, which is affected by the mass potential,
in general dominated by the DM. Gas cools and forms stars, which will eventually die
and release gas and metals into the interstellar and intergalactic medium (which will
consequently become more metal rich); and the cycle continues until the gas runs out
or is removed. For example, our own MW system can be seen in Fig. 1.1.

According to the monolithic collapse scenario proposed by Eggen, Lynden-Bell, &
Sandage (1962, ELS), the formation of galaxies occurs in a rapid collapse phase. A few
years later Searle & Zinn (1978) proposed a different picture, in which galaxies form
over an extended period of time by the accretion of smaller fragments with masses
∼ 108 M� . The ELS scenario assumes that most of the mass was already in place
at the time of the collapse, and consequently that all the stars in a galaxy formed “in
situ”; whereas, in the Searle & Zinn (1978) scenario, a galaxy continues to accrete mass
over a longer time, and it is possible that many of its stars were originally formed in the
smaller fragments. In parallel to the view of Searle & Zinn the hierarchical paradigm of
structure formation in an Cold DM (CDM) framework started to be developed (White
& Rees 1978; Peebles 1982). This paradigm assumes that DM is in the form of massive,
weakly interacting particles which had non-relativistic (cold) velocities at the time they
decoupled from the expansion of the Universe. These non-relativistic velocities allow
DM to collapse on small scales. In this framework in general small haloes are the first
structures to form, and these merge together to form larger structures. This means
that in principle small galaxies such as dSphs are predicted to have formed before large
galaxies such as the MW. The signatures of accretion observed in galaxies provide
evidence supporting this scenario.
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1.1.1 dSphs as cosmological probes

Over the last years there have been numerous efforts to test different DM theories
and their relation to galaxy formation. At the moment ΛCDM theories are favoured
because of their ability to model the large scale structures in the Universe. However
hierarchical theories face problems on the small scales, the scales of dSphs. For example,
CDM theories of structure formation predict that virialized objects should follow an
Navarro, Frenk & White (NFW) density profile (Navarro, Frenk, & White 1996, 1997)
on every scale, from galaxy clusters to the smallest dwarf galaxies. Whilst the density
profiles of galaxy clusters and large galaxies are compatible with cuspy NFW profiles,
this is not the case for a few low surface brightness galaxies (e.g., Flores & Primack
1994; Moore 1994; McGaugh & de Blok 1998; de Blok et al. 2001). However accurately
determining the mass distribution of galaxies suffers from uncertainties related to the
role of baryons in contributing to the kinematics of the system, i.e. how dominant is
the DM. Baryons may also introduce uncertainties by changing the inner density profile
of the DM. With their large mass-to-light ratios of 100s (M/L)�, dSphs are good DM
probes as the contribution of baryons can be readily neglected.

Another problematic prediction of CDM models is the mass spectrum of virialized
structures that should surround galaxies like the MW. Moore et al. (1999) and Klypin
et al. (1999) showed that CDM predicts 100-1000 DM subhalos around massive galaxies
like the MW and until two years ago there were only 11 known MW satellites. This
mismatch is known as the “missing satellites problem”. In the past two years this
problem has been somewhat relieved by the discovery of ∼10 new faint MW satellites
by SDSS (Willman et al. 2005a,b; Zucker et al. 2006a,b; Belokurov et al. 2006, 2007;
Walsh et al. 2007), although it is still not resolved. A solution to this issue considers the
effect of the cosmic photoionizing background due to the reionization of the Universe,
which is expected to halt star formation in low mass subhaloes, leading to a significant
population of dark galaxies with no (or very little) visible matter. In this case, many of
the dSphs that we see today inhabit those subhaloes that started forming stars before
reionization and that were massive enough to retain their gas afterwards and be able
to form stars for a few Gyr. The implication of this prediction, if verified, is multi-
fold: first, obviously it would favour the CDM scenario of galaxy formation; second,
it implies that stars in dSphs formed at high redshift (z > 6), and thus should carry
information about the conditions of the very early Universe.

Any test of cosmological theories of galaxy formation requires accurate knowledge
of the mass content of a galaxy and its distribution. However DM is not directly
observable, and thus these theories have to be tested by looking at the properties
of the visible matter. The chemical abundance properties of galaxies have already
given important insights into hierarchical accretion theories. Due to their small sizes,
masses and their vicinity to the MW, dSphs are natural candidates to be the building
blocks of larger galaxies such as the MW, as predicted in a CDM hierarchical scenario.
Specifically, the MW stellar halo is predicted to be formed by the stellar content of
many building blocks which were torn apart by the gravitational interaction with the
host. If this scenario is correct, then the MW halo stars, which are known to be ancient
and metal poor, should have similar chemical composition to the ancient stars in dSphs.
Recent studies show however that dSphs are unlikely to be the MW building blocks as
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the chemical composition of old dSph stars and MW halo stars is significantly different
(e.g., Shetrone et al. 2001, 2003; Tolstoy et al. 2003; Venn et al. 2006; Helmi et al.
2006).

1.1.2 The effect of environment
In order to test theories of galaxy formation and evolution we need to look at the
properties of the baryonic component of galaxies. For this we need to take into ac-
count that galactic properties are not only driven by the internal mechanisms, but also
environmental effects can play a major role, radically changing the initial properties of
galaxies. For example, in high density environments such as cluster of galaxies, tidal
stripping and ram pressure significantly affect the interstellar medium of galaxies, rip-
ping it off and releasing it into the intergalactic medium. Similar mechanisms are also
thought to affect the evolution of dwarf galaxies which orbit much larger objects and
have been invoked to explain the characteristics of the Local Group.

The Local Group, in common with other galaxy groups, presents a morphology-
density relation (see van den Bergh 1999): dSphs, pressure supported and devoid of
gas, are in general found close to large galaxies (e.g. < 300 kpc from the MW); dIrrs,
which are rotation supported and contain gas, are in general found far from the large
galaxies (e.g. > 300 kpc from the MW). N-body models have shown that it is possible
to transform a rotationally supported system (dIrr) into a pressure supported one
(dSph) through the tidal stirring exerted by the host galaxy (Mayer et al. 2001, 2006).
This tidal stirring occurs mainly during pericentric passages and causes an increase
in the star formation history of the stirred object. In this picture the lack of gas in
dSphs can be explained by the combined effect of tides and ram pressure stripping. It
is possible to test this scenario by comparing the orbital period of the satellites to their
star formation histories. Also, as the transformation of dIrrs into dSphs is predicted to
be efficient for eccentric orbits and small pericentric distances, those satellites whose
orbital properties do not meet the conditions for an efficient tidal stirring should present
morphological and kinematic properties intermediate to dIrrs and dSphs, such as for
instance, the presence of a bar-like stellar distribution or residual rotation.

Thus the determination of the mass content and its distribution in dSphs, as well
as of other properties like the chemistry and star formation histories, can help us in
testing theories of the formation and evolution of all galaxies.

1.2 Resolved stellar population studies in the Local
Group

In order to compare observational evidence to theories of galaxy formation and evolu-
tion we need to accurately determine physical properties such as chemical enrichment
and star formation histories, and kinematics of galaxies.

The Local Group offers us a great opportunity to carry out these kind of studies
using techniques such as photometry and spectroscopy of individual stars to make
the most detailed and accurate measurements of galaxy properties and how they have
changed over time.
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Figure 1.2: Schematic repre-
sentation of a galaxy CMD. Some
of the CMD features highlighted
in the figure can be used as diag-
nostics for the presence of stars of
different ages. For example stars
found in the Blue-Loop phase are
young; stars in the Red Clump
have predominantly intermedi-
ate ages, whilst the Horizontal
Branch (HB) tells us that ancient
stars are present. The shape
and location of these features de-
pends also on metallicity. For ex-
ample, the HB can sometimes be
divided in a blue and red part
(BHB and RHB), which respec-
tively indicate the presence of
older/more metal poor stars and
younger/more metal rich stars.

I now briefly review the analysis techniques commonly used in resolved stellar pop-
ulation studies adopted in this thesis.

1.2.1 Colour-Magnitude Diagram analysis

Colour-Magnitude Diagram (CMD) analysis is commonly used in resolved stellar pop-
ulation studies to derive star formation histories. If no information is available about
the metallicity of individual stars the only accurate way of deriving star formation
histories is by detecting main sequence turn-offs. This is because the position of a
star on a CMD changes according to several factors, such as its age, metallicity and
mass, and the dependence on age and metallicity is often degenerate, expecially on the
Red Giant Branch (RGB). However, some specific features in CMDs are indicators of
the presence of young (<1 Gyr), intermediate age (2-8 Gyr) and ancient (>10 Gyr)
stars (see Fig.1.2). By simply counting the percentage of stars which are found in such
features we can reconstruct a simple star formation history which will not tell us if the
star formation was episodic or continuous for example, but if more stars were produced
in the early stages of the galaxy, if the star formation decreased in recent times etc.
This simple method, used on wide area photometry, allows us to detect if and how the
star formation changed throughout a galaxy (Chapters 3, 4).
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1.2.2 Metallicity
All the metals∗ in the Universe, except the primordial ones created during the Big Bang
(hydrogen, deuterium, helium and lithium), are produced in the stellar interiors and
subsequently expelled in the interstellar medium predominantly when stars die. As dif-
ferent elements can be produced by different mechanisms (stellar winds, SNIa, SNII...),
the chemical enrichment history of a galaxy tells us about the relative importance of
these mechanisms throughout the life of the galaxy.

The abundance of chemical elements in the ISM from which stars formed is pre-
served in the stellar atmosphere. By taking spectra of stars of different ages we there-
fore acquire direct information on how the chemical composition of a galaxy interstellar
medium changed with time. However, to derive the abundances of many chemical el-
ements requires high resolution spectroscopy which is very telescope time consuming
(see Letarte 2007, and Chapter 2). Therefore the measurement of the metallicity of a
star is often reduced to its Fe content ([Fe/H]), which is considered representative and
is relatively easy to measure because of the large number of Fe lines in stellar spectra.

To reconstruct the metal enrichment history of a galaxy one would like to: 1) observe
many stars covering the entire range of ages; 2) observe stars in different regions of a
galaxy to investigate the spatial variations of the metal enrichment history; 3) do the
above in a reasonable amount of telescope time.

In this respect RGB stars are very suitable spectroscopic targets: from stellar evo-
lution models it is known that low mass stars with ages >1 Gyr all undergo the RGB
phase, thus targeting RGB stars one covers most of the age of the Universe; in predom-
inantly old objects, such as dSphs, the RGB is also the brightest feature of the CMD
and thus most easily observable. Furthermore, a relation holds between the equivalent
width (EW) of the IR CaII triplet (CaT) lines and the [Fe/H] of individual RGB stars
in simple stellar populations, i.e. stellar clusters. The CaT lines are strong features in
the spectrum of RGB stars and can thus be resolved at low spectral resolution (unlike
many individual lines of other elements which need high resolution), which implies less
telescope time. In Chapter 2 the CaT EW-[Fe/H] relation is checked for composite
stellar populations, i.e. galaxies.

By targeting the RGB we are thus able to derive accurate metallicities for hundreds
stars at the same time with multi-fibre spectrographs on large telescopes and we can
cover most of the extent of MW dSphs in a few hours. The determination of such
a large number of individual metallicities is changing the classical pictures we had of
dSphs, revealing unexpected behaviour like spatial metallicity variations even in such
small galaxies (Tolstoy et al. 2004; Battaglia et al. 2006; Koch et al. 2006, Chapters 3,
4)

1.2.3 Kinematics
The mass of a galaxy is a fundamental quantity which is often poorly known even for
systems like our own Galaxy and its satellites. In small galaxies such as dSphs, the
mass must be an important factor in driving star formation and chemical enrichment
processes. This is because the capacity of a galaxy to retain the detritus expelled by
∗ In astronomy all the elements heavier than helium are called metals.
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Figure 1.3: Schematic representation of
the projection along the line-of-sight of the
random motions in a spheroidal system seen
on the equatorial plane (based on Binney &
Merrifield 1998). The ellipses show projec-
tions of the velocity ellipsoid on the equa-
torial plane, whose semi-axes are indicated
by solid lines. The dashed lines show two
lines of sight. The system is tangentially
anisotropic (σφ > σR) and we can see that
the velocity dispersion along the line-of-
sight increases with the projected radius.

supernovae explosions depends on the depth of the potential well. It is possible that
the relatively short star formation histories of some dSphs are due to their small masses
and consequent inability to retain their gas/metals for subsequent star formation. In
addition to these internal mechanisms, the mass also determines the efficiency with
which external factors, such as tidal stripping and ram pressure, can act on a galaxy.
Furthermore, the mass content of both small and large galaxies can be used to test
predictions of DM theories.

As most of the mass in the Universe is in the form of DM, and thus by definition
not observable, we have to use the kinematics of the visible matter to trace the total
potential and thus the total mass distribution. One should take into account that
it is only possible to reliably determine the mass enclosed in the region probed by
the kinematic tracers (Binney & Tremaine 1987) and therefore the use of the most
spatially extended tracer is desirable. In the case of the MW the most extended
feature is the (visible) halo, which consists of stars, globular clusters and satellite
galaxies (see Chapter 6); for dSphs however we have no other choice than to use the
stars (Chapter 5).

The kinematics of spheroidal structures, like stellar haloes and dSphs, are in general
dominated by random motions, which act as a pressure, to counteract the gravitational
force and prevent the collapse of the system. The components of these motions on three
orthogonal directions define the axes of the velocity ellipsoid. If all the components
of the velocity ellipsoid are the same, the system is said to be isotropic. However if
the components are different from each other, the system is said anisotropic. Velocity
anisotropy is thought to be the cause of the flattening of the stellar distribution in
non-rotating elliptical galaxies (see Binney & Merrifield 1998).
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These random motions can be quantified by measuring the velocity dispersion pro-
files of the tracer. The amplitude of the velocity dispersion profiles is due to the total
potential and so we can use them to recover the total mass distribution using the Jeans
equations (Binney & Tremaine 1987). However in practise this is not so straightfor-
ward because with the current instrumentation we can only derive accurate line-of-sight
velocities and thus velocity dispersion profiles along the line-of-sight, but not the veloc-
ities in the other 2 orthogonal directions. 3D velocities would require accurate proper
motions which are at the moment not feasible for individual stars outside the Solar
neighbourhood. This incomplete knowledge of the characteristics of the velocity ellip-
soid has consequences as to how accurately we can derive the mass distribution of a
system and this is illustrated in Fig. 1.3. If the system is tangentially anisotropic (e.g.
σφ(r) > σR(r)) the velocity dispersion along the line-of-sight is dominated by the radial
velocity dispersion (σR(r)) at small projected radii, and is dominated by the azimuthal
velocity dispersion (σφ(r)) at large projected radii. We would then measure a large
velocity dispersion at large projected radii, mimicking the effect of large amounts of
mass. In other words, by ignoring the effect of the velocity anisotropy we could be
subject to overestimating (or underestimating) the mass distribution.

As accurate proper motions for individual stars will not become available until
GAIA and SIM are launched, the approach commonly followed is to assume some
behaviour for the velocity anisotropy of the tracer and determine the mass of the
system under these different assumptions. This allows us to estimate the uncertainty
due to the unknown velocity anisotropy.

1.2.4 Combining all the information: DART
The power of combining kinematics and metallicity information was first realized by
ELS in 1962 who used the combined information to model the formation of disc and
halo stars in the MW. Since then numerous large studies have made it possible to
distinguish the different components of the MW (thin disc, thick disk, stellar halo and
bulge) using the markedly different chemo-dynamics of hundreds of stars in our Galaxy
which belong to the different components (e.g., Gilmore et al. 1989, 1995; Freeman &
Bland-Hawthorn 2002). The different chemo-dynamics gives us useful constraints on
different possible formation mechanisms.

The Dwarf Abundances and Radial velocity Team (DART) was set up to apply
chemo-dynamics to dSphs (e.g., Tolstoy et al. 2006). We have targeted 4 MW satel-
lites, the Sculptor, Fornax, Carina and Sextans dSphs. For these galaxies we have
acquired wide field photometry using WFI on the 2.2m MPG/ESO telescope on La
Silla, which we used both for CMD analysis and for selecting spectroscopic targets.
We have acquired VLT/FLAMES low resolution (R∼6500) spectra in the CaT region
over a large area for hundreds RGB stars in 3 of these galaxies, obtaining accurate
velocity and [Fe/H] measurements. The central regions of these dSphs have also been
observed with VLT/FLAMES at high resolution (R∼20000), obtaining detailed abun-
dances of many individual elements (Letarte 2007, Hill et al. 2007; Venn et al., in
preparation; Chapter 2).

This thesis deals with the photometry and low resolution spectroscopy of the Fornax
and Sculptor dSphs.
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1.3 Outline and summary of this thesis
In this thesis I use the chemistry and kinematics of large samples of resolved stars in
dSphs and in the Milky Way to improve our understanding of galaxy formation and
evolution. I first explore the observational characteristics of the Fornax and Sculptor
dSphs (Chapter 2-3-4), detailing their complex nature. I then derive fundamental
parameters such as the mass content for the Sculptor dSph and our own Galaxy, testing
predictions of cosmological theories of structure formation (Chapter 5-6).

1.3.1 The complex nature of dSphs
In Chapter 2 I explore the reliability of the commonly used CaT EWs method to
determine metallicities ([Fe/H]) for large samples of RGB stars. In the literature it
has been extensively shown that this method is reliable and accurate for RGB stars
in globular clusters (which are single stellar populations), where effects such as age
and variations of [Ca/Fe] are negligible. This method has also been widely applied to
composite stellar populations in galaxies, however the effect of extended star formation
histories typical of galaxies, which result in a variety of ages and [Ca/Fe], has not been
accurately quantified. To investigate this issue I used the DART sample of 129 RGB
stars observed in low and high resolution mode with VLT/FLAMES in the Sculptor
and Fornax dSphs. I derived [Fe/H] from the low resolution data using the CaT as
estimator and used the HR results from direct measurements of 60 Fe lines. I show
for the first time that the CaT method calibrated on globular clusters can be applied
with confidence to RGB stars in composite stellar populations over the interval −2.5 <
[Fe/H] < −0.5 for a range of ages.

In Chapter 3 I present the results of the DART survey of the Fornax dSph, using
ESO/WFI photometry extending out to the nominal tidal radius of the galaxy and
VLT/FLAMES low resolution CaT spectroscopy for 562 RGB stars which are probable
Fornax members. From the photometry the spatial distribution of the stars is found to
vary according to their age, with the ancient stars having the more extended and less
concentrated spatial distribution, the intermediate age stars having a less extended and
more spatially concentrated distribution than the ancient stars, and the young stars
being present only in the central regions. From the spectroscopic observations of large
samples of RGB stars, stars of different metallicity are found to exhibit both a distinct
kinematic behaviour and a different spatial distribution: metal rich (MR) stars, which
have intermediate ages, are more centrally concentrated and kinematically colder than
metal poor (MP) stars, which are mostly of ancient age. We can thus distinguish
the presence of multiple stellar populations on the basis of their spatial distribution,
metallicity and kinematics. This variation of the properties of the stellar population
with time must reflect the changes in the spatial distribution of the gas from which
the stars formed, which became more concentrated towards the centre of Fornax with
time. There is also evidence for a peculiar, non-equilibrium kinematics for a fraction
of the metal poor Fornax stars, consistent with the relatively recent an accretion of
a smaller galaxy (as proposed by Coleman et al. 2004, 2005). This could be evidence
that the hierarchical build-up of galaxies goes all the way down to the dwarf galaxy
scale.
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In Chapter 4 I present the results of the DART survey of the Sculptor dSph, using
ESO/WFI photometry out to the nominal tidal radius and VLT/FLAMES low reso-
lution spectroscopy for 470 RGB stars which are probable Sculptor members. There
is evidence for two distinct stellar populations in Sculptor, whose behaviour resem-
bles the findings for Fornax: the MR stars are less spatially extended, more centrally
concentrated and kinematically cooler than the MP stars. However, in contrast to
Fornax, all Sculptor stars are ancient (>10 Gyr old), and thus the differences between
the stellar populations must have arisen on a relatively short time scale. If Sculptor
is less massive than Fornax, this could be due to an interplay of mechanisms such as
supernovae explosions, tides and ram pressure which could have acted more efficiently
in a system with a shallower potential well. Another unexpected result of the survey
of the Sculptor dSph is the presence of a rotation signal along the major axis: this is
the first time that a statistically significant signal has been found in a dSph and this
might give us important clues on the role of the environment on the evolution of this
galaxy.

Such extensive and accurate datasets have allowed us to trace a detailed picture of
the properties of these two dSphs. Much of this work has been possible because of the
combination of information coming from such different approaches as CMD analysis,
chemistry of stars and kinematics. We have therefore shown that to focus on just one
aspect can lead to biased results.

Our knowledge of the characteristics of dSphs has significantly improved thanks
to the detailed observations presented in this thesis and in other recent works. Such
detailed observations provide useful information for future attempts to model the for-
mation and evolution of dSphs.

1.3.2 DM in the Milky Way system
In Chapter 5 I use kinematic modeling to determine the mass content and distribution
in the Sculptor dSph. Using the spectroscopic dataset presented in Chapter 4, I derived
the line-of-sight (l.o.s.) velocity dispersion profile of Sculptor out to its nominal tidal
radius, first considering all the Sculptor stars at once independently of their metallicity,
and then separating them into the two distinct metallicity components (MR and MP).
Comparison of these observed velocity dispersion profiles to the predictions from differ-
ent DM models show that the best-fitting model is a cored profile with a relatively large
core radius. An NFW profile is also statistically consistent with the data, although it
tends not to reproduce well the central values of the l.o.s. velocity dispersion profile of
the MR component. From this analysis the mass of Sculptor is one order of magnitude
larger than previous measurements, which gives it about 160 times more dark than
luminous matter.

In Chapter 6 I focus on the kinematics of the MW halo. For this I use l.o.s ve-
locities for a sample of 240 halo objects, including halo stars, globular clusters and
satellite galaxies. New data from the Spaghetti survey lead to a significant increase
in the number of known objects for Galactocentric radii beyond 50 kpc, which allow a
determination of the MW velocity dispersion profile out to ∼ 120 kpc. The observed
radial velocity dispersion profile is almost constant at around 120 km s−1 out to 30 kpc
and then declines down to 50 km s−1 at about 120 kpc. Assuming a constant velocity
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anisotropy and a stellar halo density distribution that decreases as r−3.5, steep DM
density profiles are required to fit this fall-off, ruling out an isothermal sphere and
making an NFW profile unlikely. For an NFW model to be in agreement with the
data, the velocity anisotropy, which is known to be radial in the Solar Neighbourhood,
needs to become more tangential with radius in order to fit the rapid decline in the
observed velocity dispersion. Proper motions are fundamental in order to improve the
models and allow a distinction to be made between different hypothesis for the MW
DM density distribution.

1.4 On the evolution of the Sculptor and Fornax
dSphs

Sculptor appears to be a predominantly old object, which stopped forming stars around
10 Gyr ago. During the period of star formation activity, which lasted about 4-5 Gyr,
Sculptor formed MP stars (with average [Fe/H]= −2.0) everywhere in the galaxy, and
more MR stars (with average [Fe/H]= −1.5) in the central regions. The metal poor
stars represent ∼70% of the overall population, and the MR stars are the remaining
∼30%: thus the first phase of star formation was much more intense. At the moment
there is no evidence for two distinct episodes of star formation and so it is possible that
the decreasing star formation activity with time was caused by an efficient continuous
removal of gas from the outer regions on short timescales (more than 10 Gyr ago),
which resulted in the ever more concentrated star formation in the central regions.
This “readjustment” of the location where star formation took place is likely to have
caused the distinct kinematics of MR and MP stars.

Fornax evolved more slowly than Sculptor. In Fornax about 30% of the stars formed
during the first 5 Gyr of its evolution reaching an average [Fe/H]= −1.7, whilst the bulk
of the star formation (∼57%) happened at intermediate ages, giving rise to an average
metallicity of [Fe/H]= −1.0. A significant percentage of stars (∼13%) appears to have
formed around 1-2 Gyr ago, allowing the metallicity to rise to almost solar values. MR
stars are more confined to the central regions, but this is more evident for the stars
which formed 1-2 Gyr ago, and the star formation appears to have been continuous
from the earliest times until about 500 Myr ago. It appears that Fornax was able to
retain most of its gas, producing most of its stars at intermediate ages and this may
be linked to a deeper potential well of Fornax compared to Sculptor and/or a different
orbital history. It is unclear what might have caused the increase of star formation in
Fornax between 2-6 Gyr ago. We could invoke a pericentric passage around that time,
as in the models of formation of dSphs from dIrrs (Mayer et al. 2001, 2006) suggest.
The timescale for this pericentric passage would be consistent with what inferred from
recent proper motion measurements (Dinescu et al. 2004). However, star formation
rates increasing with time are quite typical of dIrrs, which are too far from the MW to
suffer from tidal stirring.
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1.5 Future prospects
From the work presented in this thesis it is clear that dSphs, traditionally considered
as simple systems, are in reality complex objects the understanding of which requires
several factors to be taken into account to explain their photometric, chemical and
kinematic properties. In the past years there has been major observational progress
in the characterisation of the properties of dSphs. However, the number of galaxies
with these kinds of detailed studies are few. It would be interesting to understand if
multiple stellar populations are a common characteristics of all dSphs, and if not which
mechanisms can cause their presence or erase it. The role of the environment is likely
to be an important one as it is possible to show that multiple components can be erased
by strong tidal interaction (Sales & Helmi, in preparation). In order to understand the
role of the environment it is necessary to accurate define the orbital history of these
small galaxies, which requires accurate proper motion measurements. Knowledge of
the orbital history is also likely to improve our understanding of the broad variety of
star formation histories seen in dSphs.

To assess the role of environment it would also be interesting to investigate the
morphology-density relation of the Local Group by exploring the relation between the
properties of dSphs and dIrrs: if some dIrrs at some point in the past were tidally
stirred and turned into dSphs, it is reasonable to think that both classes of objects
should exhibit similar properties such as similar metallicity distribution functions at
least in their oldest stellar populations. This would require carrying out DART-like
surveys of old stars in dIrrs.

In order to understand the complex results coming from observations, compre-
hensive numerical models of the formation and evolution of dSphs are needed, with
particular regard to the evolution of the baryonic component, such as the evolution of
gas and metals and the resulting kinematic properties. An important outcome from
such simulations can be the shape of the metallicity distribution function. It has been
shown observationally that dSphs appear to lack of very metal poor stars ([Fe/H]< −3).
This can be explained if dSphs formed from a pre-enriched medium (e.g., Helmi et al.
2006), and thus possibly after reionization. However it would be interesting to explore
if dSphs might have formed from pristine gas which was quickly enriched by a few
supernovae explosions. In the last case to find very metal poor stars in dSphs might
be as challenging as looking for a needle in a haystack.

Another outcome from such simulations could be a prediction of the behaviour of
the velocity anisotropy of the stars, much needed for accurately measuring the mass
distribution of dSphs.
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