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Summary

The role of galati annibalism in the Universe

Galaxies are systems omposed of stars, planets, dust, gas, ie moleules and

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

of wavelengths, whih allow us to study the nulear and hemial reations that

power them. The nulear reations take plae in stars, whereas most the hemial

reations take plae in the so alled interstellar medium (gas louds and dust

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

whih holds together all their elements and sets the basi onstraints for their

overall struture and evolution.

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

the Universe, through the gravitational aretion of dark matter and gas louds

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

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 aretion of gas over the whole history of the Universe.

It is explained, though, by a proess alled galati annibalism. In this proess

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

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

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

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

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

we all it galati annibalism or minor merging. Galati annibalism and major

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

but also their history and morphology.

But galati annibalism is not just a theoretial onstrut, sine galaxy merg-

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

Despite the large distanes 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 eah other to merge or to have one of them annibalise the

other, in a reurrent proess.

In the ontext of the urrent osmologial framework �the Λ Cold Dark

Matter model, whih attempts to explain the dynamis and evolution of the
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Universe�, galati annibalism is a major driver for galaxy evolution, and to-

gether they are often referred to as the Hierarhial Formation senario. This

theory sueeds in explaining the evolution of the Universe both at osmologial

and galati sales.

The life reord and the fossil reord of galaxies

Sine the proess of galati annibalism has been ongoing for most of the Uni-

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

for the traes of previous events.

Ongoing or reent episodes of galati annibalism an be reognised by the

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

galati annibalism is a slow proess, 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 elliptiity and energy of the

orbit (see Figure 1.2 for an example).

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

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

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

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

from that of the loal stars.

Globular lusters, whih are small spherial assoiations 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 exeption to the proess of galati

annibalism and hierarhial growth. The urrent researh 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 aretion

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

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

region away from the galati disk, known as the halo) a very interesting plae.

This thesis

This thesis has foused on expanding our knowledge of the outskirts of our own

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

understand the overall underlying distribution of stars in the halo, and the seond

aim has been to identify and haraterise 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-Frane-Hawaii Telesope (CFHT) in Hawaii, the Isaa

Newton Telesope (INT) in the Canary Islands and the VLT Survey Telesope

(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. Beause of their low numbers and large

distanes, observing these stars in statistially useful numbers poses tehnial and

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

halo suh as its exat shape or the dependene of the stellar number density with

the distane from the entre of the Galaxy. Using extremely sensitive ameras in

the previously mentioned telesopes (the MegaCam, the WFC and the Omega-

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

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

in the halo dereases with distane 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 vertial) but pratially irular

on its main plane (as seen from above).

The seond aim is addressed in hapters 4 to 6. One of the main produts

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

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

in the halo, suh as those that may be assoiated 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,

reduing 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 arhival data that has never been used before for

this type of work.

Through this method, we have identi�ed overdensities assoiated 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-

liity of the stars in those streams, we have derived aurate distanes to them.

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

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

piee, and we have also identi�ed two overdensities mathing a predited se-

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

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

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

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

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

would indiate 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 assoiated with a minor adjaent overdensity, it would

suggest that the globular luster was either slowly beoming internally unbound

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

viinity of 23 globular lusters and found eight lear overdensities but potentially

up to thirteen. Using distane estimations and the position of the overdensities in
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the sky (and oasionally kinemati omparisons), we have analysed whether the

overdensities ould be assoiated with a known stream or to the adjaent globular

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

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

majority of no assoiation ases.

Finally, we have applied the traditional tehniques of distane sliing and den-

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

searh for new streams and satellites. In these data produts we have suessfully

reovered the expeted major halo strutures (suh as the Sagittarius stream, the

Virgo Overdensity and the Eastern Band Struture) and the Galati thik 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 pathy state of these newly sampled areas.

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

sky will beome 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 hane for exiting disoveries in the

halo of the Milky Way.
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