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Summary

The role of gala
ti
 
annibalism in the Universe

Galaxies are systems 
omposed of stars, planets, dust, gas, i
e mole
ules and

dark matter, and they are 
hara
terised by the emission of light in a wide range

of wavelengths, whi
h allow us to study the nu
lear and 
hemi
al rea
tions that

power them. The nu
lear rea
tions take pla
e in stars, whereas most the 
hemi
al

rea
tions take pla
e in the so 
alled interstellar medium (gas 
louds and dust

grains) or in planets and 
ir
umstellar 
louds. Galaxies are governed by gravity,

whi
h holds together all their elements and sets the basi
 
onstraints for their

overall stru
ture and evolution.

The �rst galaxies formed out of very small overdense seeds spread throughout

the Universe, through the gravitational a

retion of dark matter and gas 
louds

and the later birth of stars. These overdensities were the result of quantum �u
tu-

ations that followed the Big Bang and were ampli�ed during the In�ation period.

However, the size (and number) of galaxies today 
annot be fully explained by

the simple gravitational a

retion of gas over the whole history of the Universe.

It is explained, though, by a pro
ess 
alled gala
ti
 
annibalism. In this pro
ess

the big �sh eats the smaller �sh, meaning that the largest (most massive) galaxy

brings 
loser, breaks apart and in
orporates the material of the smaller (less mas-

sive) galaxy. The largest galaxy is basi
ally exerting its gravitational pull on the

smaller galaxy in a destru
tive way. When both galaxies are of similar mass and

size, we 
all this pro
ess major merging, and when they are of di�erent masses,

we 
all it gala
ti
 
annibalism or minor merging. Gala
ti
 
annibalism and major

merging 
an explain not only the size and number of galaxies observed nowadays,

but also their history and morphology.

But gala
ti
 
annibalism is not just a theoreti
al 
onstru
t, sin
e galaxy merg-

ers of varying magnitudes have now been observed in a large number of galaxies.

Despite the large distan
es between galaxies, provided enough time (the life time

of the Universe is 13, 800 million years!), gravity ensures that many galaxies will

move 
lose enough to ea
h other to merge or to have one of them 
annibalise the

other, in a re
urrent pro
ess.

In the 
ontext of the 
urrent 
osmologi
al framework �the Λ Cold Dark

Matter model, whi
h attempts to explain the dynami
s and evolution of the
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Universe�, gala
ti
 
annibalism is a major driver for galaxy evolution, and to-

gether they are often referred to as the Hierar
hi
al Formation s
enario. This

theory su

eeds in explaining the evolution of the Universe both at 
osmologi
al

and gala
ti
 s
ales.

The life re
ord and the fossil re
ord of galaxies

Sin
e the pro
ess of gala
ti
 
annibalism has been ongoing for most of the Uni-

verse's history, it is natural to sear
h not only for 
urrent examples of it but also

for the tra
es of previous events.

Ongoing or re
ent episodes of gala
ti
 
annibalism 
an be re
ognised by the

stellar debris and the dissolving remnant of the galaxy being torn apart. Be
ause

gala
ti
 
annibalism is a slow pro
ess, the satellite galaxy often has time to 
om-

plete a few orbits around the larger galaxy before being 
ompletely destroyed.

As the satellite galaxy is progressively stripped o� its gas and stars, these 
on-

stituents keep a path 
lose to the original orbit of the satellite, but spread out

forming a stream or a partial shell, depending on the ellipti
ity and energy of the

orbit (see Figure 1.2 for an example).

Old episodes are harder to identify sin
e, by now, their stellar debris have

already abandoned the original orbit and have mixed up with the "indigenous"

stars. Nonetheless, both 
hemi
al tagging and kinemati
 properties 
an be used

to group stars with a similar origin provided their 
olle
tive �ngerprint is di�erent

from that of the lo
al stars.

Globular 
lusters, whi
h are small spheri
al asso
iations of stars mostly born

from the same parental gas 
loud in the outskirts of galaxies, 
an also be tidally

stripped and 
annibalised by their host galaxy.

Our host galaxy, the Milky Way, is no ex
eption to the pro
ess of gala
ti



annibalism and hierar
hi
al growth. The 
urrent resear
h suggests that it has

not undergone any major merger at least in the last 10, 000million years (a merger
between two galaxies of 
omparable mass), but instead various minor a

retion

events. In addition, it is 
urrently in the pro
ess of 
annibalising several satellite

galaxies and a few globular 
lusters. This makes the outskirts of our galaxy (the

region away from the gala
ti
 disk, known as the halo) a very interesting pla
e.

This thesis

This thesis has fo
used on expanding our knowledge of the outskirts of our own

galaxy, the Milky Way, with two parti
ular aims. The �rst aim has been to

understand the overall underlying distribution of stars in the halo, and the se
ond

aim has been to identify and 
hara
terise new satellite galaxies and stellar streams

resulting from ongoing 
annibalisation events.

The �rst aim is 
overed in 
hapters 2 and 3 and makes use of observations 
ar-

ried out with the Canada-Fran
e-Hawaii Teles
ope (CFHT) in Hawaii, the Isaa


Newton Teles
ope (INT) in the Canary Islands and the VLT Survey Teles
ope

(VST) in Chile. The halo of spiral galaxies is an ellipsoidal 
omponent that ex-

tends beyond the disk and the bulge of the galaxies, thinly populated with stars in
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omparison to the other two 
omponents. Be
ause of their low numbers and large

distan
es, observing these stars in statisti
ally useful numbers poses te
hni
al and

instrumental 
hallenges, and makes it di�
ult to infer general properties of the

halo su
h as its exa
t shape or the dependen
e of the stellar number density with

the distan
e from the 
entre of the Galaxy. Using extremely sensitive 
ameras in

the previously mentioned teles
opes (the MegaCam, the WFC and the Omega-

CAM, respe
tively), we have obtained large samples of stars out to remarkable

distan
es. With these data, we have been able to 
on�rm that the density of stars

in the halo de
reases with distan
e as broken power law. We have also been able

to set strong 
onstraints in the shape of the stellar halo. These 
onstraints indi-


ate that the halo is moderately �attened towards the poles (as a mandarin or a

walnut would be, as opposed to an egg standing verti
al) but pra
ti
ally 
ir
ular

on its main plane (as seen from above).

The se
ond aim is addressed in 
hapters 4 to 6. One of the main produ
ts

of this thesis is a 
ross-
orrelation algorithm that allows us to exploit pen
il-

beam sky imaging surveys with only two 
olours to identify stellar overdensities

in the halo, su
h as those that may be asso
iated with streams, globular 
lusters

or satellite galaxies. The power of this algorithm is that it yields 
ompetitive

results where previously three 
olours (three photometri
 �lters) were needed,

redu
ing the observing time and 
osts. This algorithm also obviates the need for


ontrol or 
omparison sky �elds near the target �elds. Of 
ourse the traditional

spatially-
ontinuous wide-area surveys and the surveys with more than two 
olours

still provide signi�
ant advantages, but this algorithm opens the door to using

extremely deep, high quality ar
hival data that has never been used before for

this type of work.

Through this method, we have identi�ed overdensities asso
iated with three

di�erent streams (the Sagittarius stream, the Orphan stream and the Palomar 5

tails) and, in 
ombination with independent measurements of the age and metal-

li
ity of the stars in those streams, we have derived a

urate distan
es to them.

Notably, we have expanded the 
atalogue of distan
e measurements to the Sagit-

tarius stream along its Southern hemisphere tail and along its furthest Northern

pie
e, and we have also identi�ed two overdensities mat
hing a predi
ted se
-

ondary nearby old wrap of this same stream, whi
h needs further 
on�rmation.

We have also used this algorithm in the sear
h for stellar overdensities near

globular 
lusters in the Milky Way. We do these in order to determine whether any

of the globular 
lusters is asso
iated with an underlying stream or overdensity.

On the one hand, if a globular 
luster was asso
iated with a major stream, it

would indi
ate that the globular 
luster was part of the globular 
luster system

of the disrupted satellite galaxy that originated the stream. On the other hand,

if a globular 
luster was asso
iated with a minor adja
ent overdensity, it would

suggest that the globular 
luster was either slowly be
oming internally unbound

or that it was being 
annibalised by the host galaxy. We have explored the

vi
inity of 23 globular 
lusters and found eight 
lear overdensities but potentially

up to thirteen. Using distan
e estimations and the position of the overdensities in
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the sky (and o

asionally kinemati
 
omparisons), we have analysed whether the

overdensities 
ould be asso
iated with a known stream or to the adja
ent globular


luster. The three situations (no asso
iation, asso
iation with a major stream

and possible asso
iation with a new overdensity) appeared in the sample, with a

majority of no asso
iation 
ases.

Finally, we have applied the traditional te
hniques of distan
e sli
ing and den-

sity mapping to the �rst wide-area maps from the VST KiDS survey, in order to

sear
h for new streams and satellites. In these data produ
ts we have su

essfully

re
overed the expe
ted major halo stru
tures (su
h as the Sagittarius stream, the

Virgo Overdensity and the Eastern Band Stru
ture) and the Gala
ti
 thi
k disk


ontribution, as well as the tail of the Palomar 5 stream. No new streams or

satellites have been unveiled due to the 
urrently small area of newly sampled

sky (∼ 30 deg2) and to the still rather pat
hy state of these newly sampled areas.

However, as the KiDS observations keep 
oming in, more data in new areas of the

sky will be
ome available. With 
urrently only 10% of the total survey analysed

and most of the data so far targeting previously surveyed areas of the halo, the

future KiDS data releases should bring the 
han
e for ex
iting dis
overies in the

halo of the Milky Way.
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