allows for the acceleration of protons and heavy-ions to unprecedented energies. Heavy-ion collisions provide the ideal conditions (high temperature and energy density) for ordinary matter to undergo a phase transition to the so-called Quark-Gluon-Plasma (QGP), a state of matter that is assumed to have existed in our universe a few micro-seconds after the Big Bang. Collisions in smaller systems, like proton-proton and proton-nucleus, allow for the study of Quantum ChromoDynamics (QCD) and cold nuclear matter e ects, and, in addition, to set a solid reference for heavy-ion studies.

Due to its short lifetime, the study of the QGP proceeds by means of probes. For this, heavy quarks are ideally suited due to the fact that they are produced early in the collision, at the time of the hard scattering, and they can witness the full evolution of the system while keeping their identity. In addition, heavy-quarks production in smaller systems, such as pp, p-Pb, allow for testing perturbative QCD calculations and Cold Nuclear Matter e ect, respectively. The main focus of this manuscript will be the study of charm production mechanisms via correlation measurements. Indeed, correlations are a powerful tool to investigate several physics questions. In pp collision via D-h (and especially D-D) correlation studies it is possible to investigate the charm production mechanisms (pair creation, gluon splitting and avour excitation) and therefore set strong constraints on QCD calculations.

At the same time, a solid pp reference is vital for Pb-Pb studies, where correlations among heavy-quarks can be used to investigate in-medium energy loss of partons. Indeed, several theoretical models [2] [3] predict that the mechanisms of collisional and radiative energy loss will have a di erent footprint on the nal charm correlation shape, allowing us to evaluate their relative contribution. This thesis will be organised as follows. Chapter 1 will include an introduction to heavy avour physics with speci c focus on correlations. Some key measurements will be discussed. In Chapter 2, the Large Hadron Collider is brie y described. In addition, the ALICE detector is introduced with attention on the sub-detectors used for correlation studies. In Chapter 3, the quality assurance of the ALICE proton-proton data, exploited for the analyses presented in this thesis, is discussed. In Chapter 4, the analysis strategy is described and the obtained results are presented. In Chapter 5, the PYTHIA event generator is exploited to study heavy-avour correlations at di erent energy scales. Chapter 6 includes an overview of the physics implemented in the EPOS/EPOSHQ event generator as well as the presentation of the results and the comparison between the experimental measurements and the theoretical simulations. Finally, the conclusions and perspectives are given in Chapter 7. v

Chapter 1

From the Big Bang to Correlations

In this introductory chapter, an overview is given on the main aspects concerning the connection between the Quark-Gluon-Plasma (QGP) and the early Universe and on the role of the ultra-relativistic collisions of heavy-ions. The essential features of Quantum Chromodynamics are presented. Finally, heavy-avours and the associated correlation physics are discussed.

The standard model

The standard model is considered among the triumphs of modern physics. This triumph lies in the success of this model to describe the observed phenomena by the mathematical equations for a determined energy scale.

Quantum ElectroDynamics (QED) presents the low-energy theory that describes the electrostatic interaction between opposite charges within the atom through the exchange of photons (γ). The Atom is composed of negatively charged electrons orbiting around a positively charged nucleus. The nucleus consists of bound states of protons and neutrons which are positively and neutrally charged, respectively.

The nucleons (protons and neutrons) themselves consist of bound states of quarks, for instance, 2 "up" quarks and one "down" quark for the proton [START_REF] Thomson | Modern particle physics[END_REF]. Another example, the Deuterium (Hydrogen isotope) as presented in gure.1.1, is an atom composed of an electron orbiting around a nucleus. The nucleus consists of one proton (2 "up"+1"d") and one neutron (1"u"+2"d"). The quarks within each nucleon are bounded through the gluons. A schematic presentation of the components of the matter with their correspondent dimensions is displayed in gure.1.2. Quantum ChromoDynamics (QCD) presents the high-energy theory that describes the strong interactions between the components of the nucleons (partons) via the exchange of gluons.

Among the fundamental interactions, there is also the weak force which contributes signicantly, for instance, in the radioactive interactions (β-decays) and nuclear fusion where the almost massless particles, the famous neutrinos (ν), are produced. Finally, the gravitational force but it is not included in the Standard Model [START_REF] Thomson | Modern particle physics[END_REF].

In the common physics phenomena, the main contributing particles (undergo speci c interactions) are the protons (strong/electromagnetic interactions), neutrons (strong interactions), electrons (electromagnetic/weak interactions) and neutrinos (weak interactions). For each energy scale, a di erent particle structure arises as displayed in gure.1.3. The components of the matter at di erent energy scales [START_REF] Thomson | Modern particle physics[END_REF].

The elementary particles in the Standard Model include 12 fermions and 5 bosons. Among the fermions, there are 6 leptons that undergo the weak interaction and the electromagnetic interaction, except for the neutrinos that undergo only the weak interaction. As for the strong interaction, only quarks are concerned. The Standard Model of elementary particles is presented in gure.1.4. The elementary particles are classi ed into generations. The f irst generation includes the electron and its associated neutrino, up and down quarks, in another word, the building blocks of the matter at the low-energy Universe.

However, higher energy scales can be reached at colliders which gives rise to two other generations: the second generation and third generation. Both are copies of the rst one and the correspondent elementary particles have similar charges and they undergo the same fundamental interactions but they have di erent masses. For instance, the copies of electrons, the muon (µ) and tau (τ ) are 200 and 3500 times heavier than the electron, respectively.

For each elementary particle, an anti-particle is associated which has the same mass but opposite quantum numbers. This notion is the consequence of the Dirac equation in relativistic quantum mechanics that describes the dynamics of the fermions [START_REF] Thomson | Modern particle physics[END_REF].

The interactions between particles take place through the exchange of force carrier with spin 1 or what is called gauge boson and each force is described by Quantum Field Theory (QFT). The exchanged gauge boson in electromagnetic interaction is the photon. For strong interaction, the gluon is the representative gauge boson or force carrier. As for the weak interaction, the gauge bosons can be the W ± or the Z 0 where both have a mass unlike the photon and the gluon. A very important boson in the standard model is the Higgs which was discovered in 2012 by the CMS and ATLAS Collaborations at the Large Hadron Collider (LHC). The Higgs boson is an elementary particle with a spin-0 with no colour charge and no electric charge and a mass of approximately 125 GeV. It is characterised by a quantum eld and those particles interacting with it can gain a mass [START_REF] Thomson | Modern particle physics[END_REF].

Quantum ChromoDynamics (QCD)

QCD is the basic theory that describes strong interactions due to the exchange of the gluon which is the force carrier in this case. Due to the nature of the strong interaction, quarks have never been observed as free elementary particles. Instead, they are always bound to form hadrons. Until now, the common studied and discovered hadrons can consist of either 2 quarks (quark + anti-quark) to form the meson (antimeson) or 3 quarks (or 3 antiquarks) to form the baryon (antibaryon).

The interaction dynamics between the quarks and the gluons is presented by the QCD Lagrangian equation [START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF],

L = q iγ µ ∂ µ -m q -g qγ µ T a q G a µ - 1 4 G a µν G µν a (1.1)
T a are 3x3 traceless matrices and linearly independent (with a = 1, .., 8), q refers to the coloured quarks that interact with the vector gluons G µ with a coupling g. G a µ (with a = 1, ..., 8) presents 8 vector gluon elds. G a µν is the eld strength tensor de ned by:

G a µν = ∂ µ G a ν -∂ ν G a µ -gf abc G b µ G c ν (1.2)
f abc presents the structure constants of the group which are real numbers and they are de ned by the commutation relation:

[T a , T b ] = if abc T c (1.3)
where the labels a, b, c refer to the 3 colour charges. The 8 SU(3) generators represent the 8 colour charged gluons of QCD. The colour charge can be either red (r), green (g), blue (b)

which is just a notion to distinguish the 3 orthogonal states of the SU(3) colour space.

The QCD Lagrangian de ned in eq.1.1 is Gauge invariant provided that the Gauge elds G a µ transform as

G a µ → G a µ - 1 g ∂ µ α a -f abc α b G c µ (1.4)
The non-Abelian nature of this Gauge group leads to the gluon self-interactions via a vertex of three or four gluons, unlike QED where photons do not interact with themselves.

Colour con nement

Several experiments have provided evidence for the existence of quarks [START_REF] Thomson | Modern particle physics[END_REF]. However, no free quark was observed directly till now. This is due to the colour conf inement hypothesis which suggests that the quarks should remain con ned into colourless objects. In addition to that, an object with a non-zero colour charge can not propagate freely. This is believed to be the consequence of the fact that gluons and quarks are colour charged particles. One can understand the origin of this hypothesis by considering the interaction between 2 quarks. This interaction takes place by the exchange of virtual gluons which form a squeezed colour eld (tube) and become a constant at large distances. As a consequence, the larger the distance, the higher the energy stored in this tube for which the associated potential can be expressed by, V (r) ≈ kr (1.5) where k ≈ 1 GeV/fm and it is determined experimentally and corresponds to an extremely large force of the order of 10 5 N. Hence, the energy needed to separate 2 quarks at larger distances would be huge. Due to these facts, it would be more suitable for the coloured quarks to remain in bounded states without a colour eld between them within the hadrons which is believed to be the reason for the existence of quarks bounded and con ned in colourless objects.

Asymptotic freedom

The strong coupling constant α S is not a constant but it depends on the interaction energy scale. Based on the order of magnitude of α S , QCD includes 2 regimes. The rst one is the perturbative regime at the high-energy scale where α S becomes small enough which allows for perturbative calculations to be applied. In this case, the partons don't interact strongly and can be considered as quasif ree particles which led to the concept of asymptoticf reedom. The second regime is the non-perturbative at the low-energy scale where α S has a value of the order of 1.

This characteristic of the running coupling constant α S originally comes from renormalisation calculations. In QCD, the interaction between the gluon and the quark has the e ective strength α S obtained by summing over all appropriate high-order correction diagrams of QCD. These summed corrected diagrams lead to divergences. Thanks to some properties, for instance, the divergence absorption by the quark charge, the in nities in the gluon propagators and incoming/outgoing currents can be renormalised. This gives rise to the strong interaction coupling constant that depends on the energy scale and which is de ned by the expression,

α s (Q 2 ) = 4π β 0 ln(Q 2 /Λ 2 ) (1.6)
where β 0 is de ned by,

β 0 = 11 - 2 3 n f (1.7)
n f is the number of active quark avours in the concerned loop for the scale Q 2 , Q is the momentum transfer and Λ is the QCD scale that gives the limit for which α s is considered small (large) consequently, perturbative (non-perturbative) QCD calculations are applicable (not applicable). More details concerning α S can be found in [START_REF] Thomson | Modern particle physics[END_REF] [5] [6] [START_REF] Deur | The QCD Running Coupling[END_REF].

The evolution of α S was veri ed experimentally through measurements for di erent momentum transfer as can be seen in gure. 1.5. At larger values of Q i.e. of the order of 100 GeV which is a common momentum transfer at high-energy particle colliders, α S gets smaller (≈ 0.1). For momentum transfer of the order of 1 GeV, α S is of the order of 1. The performed measurements in di erent experiments show also that Λ ≈ 200 MeV.

F 1.5: The running coupling constant α S of QCD. Top: predictions from QCD versus measurements from di erent experiments in di erent energy scale. Bottom: Recent measurements of α S performed at CMS in jet analysis and compared to the estimation of α S in electron-positron, electron-proton, proton-antiproton collisions [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF].

1.2 Quark-Gluon-Plasma (QGP)

The astronomical observations of galaxies show that the universe is expanding. At the same time, temperature and radiation are decreasing which means that the early universe was hotter and denser than nowadays and it is argued that it consisted of a soup of elementary particles.

Within hadrons and at normal energies, these elementary particles (quarks and gluons) exist in bounded states and none of them has been observed in a free state until now (see the part of colour conf inement in section.1.1.2). However, when the universe was created, the baryo-chemical potential was zero while both the temperature and the energy density Chapter 1. From the Big Bang to Correlations were extremely high so that these quarks and gluons were not con ned in the hadrons (see asymptotic f reedom in section.1.1.3) but were in a state called "Quark-Gluon-Plasma". As the universe expanded, it cooled down. After reaching the critical temperature T C , the hadronisation occurred and hadrons were formed. This is called the Quantum ChromoDynamics phase transition.

To mimic the early universe, a QGP droplet can be recreated in laboratories on earth (colliders) in small bangs through the collisions of accelerated heavy nuclei at relativistic energies where extreme energy densities and temperature can be reached. These collisions provide the extreme conditions suitable for the study of the properties of the strong interaction in this state of matter [START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF] [START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF]. It is crucial to point out the fact that the QGP produced in colliders is a very small droplet that di ers in some properties from the QGP produced in the early Universe. More details concerning the di erences and similarities between the QGP created in the Big Bang and Micro-Bang can be found in [START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF].

The rst evidence of the creation/production of quark-gluon plasma was found at the SPS (CERN) at the energy √ s N N = 17.3 GeV in Pb-Pb collisions with xed target and at the RHIC (BNL) in Au-Au collisions at √ s N N = 200 GeV where some quantitative properties of this matter were determined for the rst time [START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF].

QCD Phase diagram

The progress on the understanding of the QCD phase transition diagram is the result of theoretical and experimental research at di erent energy scales. The investigations are shared between several facilities in the world and the understanding of this phase diagram is not only crucial in the eld of particle physics but also in astrophysics as will be discussed in the next part. The QCD phase diagram is presented in gure.1.6 and one can observe that the created decon ned matter at both LHC and RHIC highest energies, is categorised by high temperatures and nearly zero net-baryon density.

Lattice QCD (lQCD) calculations suggest that the phase transition is of a "cross-over" type at zero net baryon density µ B (or zero baryo-chemical potential) at a critical temperature of about 160 MeV and for an energy density near 0.7 GeV/fm 3 . At this point, it is expected that the mass of the quarks decreases from the e ective mass to the small bare one and the phase transition takes place from the nuclear matter to a state where quarks and gluons are decon ned. This is similar to what is observed in a liquid when atoms/molecules will be evaporated as the temperature increases. Likewise, if energy is provided to a nucleus in a normal state, the temperature will rise and nucleons/nuclei will be emitted and if the matter is con ned, the constituents (internal degrees of freedom) will get excited [START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF] [13] [START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF]. It is proposed that within the core of neutron stars, created in supernova explosions, the conditions are ideal for the existence of the quark-gluon plasma or at least matter whose properties match those of high-density matter. The pressure, in these astronomical objects, increases signi cantly inward. The core temperature is 1000 times cooler (compared to the expected temperature of the QGP created in accelerators). The density ρ N within the core is assumed to be larger than that of nuclei so that a state called "condensate" can be formed. Under these circumstances (low temperature and high pressure/baryon density), it is plausible that the quark-gluon plasma can be present. For low temperatures and higher net-baryon density µ B , the existence of strongly interacting exotic matter is expected like superconducting matter.

In summary, at extreme conditions of temperature and energy density, the hadronic matter undergoes a phase transition to become a soup of quarks and gluons or QGP. At low temperature and high net baryon density, it is expected that exotic matter will be formed like the one in neutron stars or superconducting matter. To investigate this matter (at low temperatures and high net-baryon densities), some dedicated facilities are in construction such as FAIR and NICA. At high temperature and low energy density, we are close enough to the created matter in current particle accelerators where the QGP can be created at moderate density and temperature [START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF].

Signatures of the QGP

There is no straightforward method to deduce rmly whether a QGP is formed in a speci c collision or not. This is due to the small size of QGP (radius of the order of femtometer) in addition to the absence of equipment that can endure the ultimate conditions for which the QGP can be created. The signatures described brie y in the following are therefore based on theoretical principles or experimental observations [START_REF] Samuel | Introductory Nuclear Physics[END_REF] [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF].

Among the possible observables of the QGP creation, one can mention the yield of bound states (charmonium and bottomonium). The charm quarks, for instance, should be created in pairs of cc to conserve avour and colour number. From one side, the interaction between such pairs is decreased because of the presence of other particles. From the other side, the charm and anti-charm will be prohibited to bind because of the colour charge screening in a decon ned medium like the QGP. For these reasons, it is more likely that these pairs will propagate separately and thermalise in the medium instead of forming a bound state.

In addition to that, the high temperature reached within such created medium gives rise to more repulsion between the pairs. Suppression of the J/ψ yield was observed in central Pb-Pb collisions at SPS. The production cross-section of J/ψ was also found to be lower in nucleus-nucleus collisions compared to p-p collisions. However, this is not conclusive yet because in such a decon ned medium, not only dissociation of a bound state of heavy avour can take place but also regeneration, if the number of created pairs is large enough.

At SPS, less than one pair of heavy avour is created so the regeneration process does not have any contribution. Otherwise, in Au-Au collisions at RHIC where more than 10 heavy avour pairs are created and at the LHC in Pb-Pb collisions with more than 100 created pairs, regeneration contributes signi cantly [START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF] [START_REF] Samuel | Introductory Nuclear Physics[END_REF].

Another possible signature of the QGP creation is the modi cation of strangeness production in the A-A collision. If su cient energy is available, heavier quarks, such as strange (s)

and charm (c), can be formed in pairs (quark+anti-quark) to conserve the avour quantum number. The modi cation of strange hadron production is veri ed through the measurement of the ratio between strange to non-strange particles, i.e. the particles with s,s quarks to those with u,ū,d, d quarks as a function of the centre-of-mass energy. In Pb-Pb collisions, an increase in the number of strange (anti-)particle was observed compared to the one measured in p-Pb collisions at the same energy per nucleon. In some other analysis, the ratio is a λ parameter de ned by uū : d d : ss = 1 : 1 : λ. In p-p collisions at √ s ∼ 5 GeV, λ is approximately 0.1 and at √ s = 50 GeV, it increased to 0.2. In silicon-silicon and sulfursulfur collisions, λ was found to be larger by a factor of 2, and at 5 GeV it was 0.3 and it became 0.4 at 50 GeV. Other observations showed also that in nucleus-nucleus collisions at 200 GeV, the ratio (K + + K -)/(π + + π -) was twice larger in comparison to the case of p-p collisions at the same energy [START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF] [START_REF] Samuel | Introductory Nuclear Physics[END_REF].

Electromagnetic or thermal radiation is another tool to exploit in order to investigate the existence of the QGP state. It is expected in such medium that photons (real and virtual) will be produced in tremendous number via:

-Quark-gluon scattering g + q → γ + q or/and g + q → γ + q (see diagram(a)/ gure.1.7)

-Quark-anti-quark annihilation q + q → γ + g (see diagram(b)/ gure.1.7)

and with a small probability the electromagnetic interaction g + q → γ + γ.

F 1.7: Feynman presentation for possible schemes of photon production via (anti)quark-gluon scattering (a) or quark-antiquark annihilation (b) [START_REF] Campbell | Photon production from gluon mediated quark-anti-quark annihilation at con nement[END_REF] Photons are weakly coupled with the strongly interacting matter but its magnitude is twice larger than the coupling magnitude with quarks. Therefore, in heavy-ion collisions where the creation of QGP is supposed to take place, the electromagnetic radiations will be most likely produced and come out from the interaction region without experiencing collisions and they won't fade away as the system expands. The measured photons in heavy-ion collisions are more associated with the QGP, unlike hadrons which have shorter free paths due to their interactions with the medium constituents before they leave the interaction zone. The interesting signal of QGP photons is obtained over some "background" since photons have many other sources such as those coming from the decay of neutral mesons π 0 and η [14] [START_REF] Samuel | Introductory Nuclear Physics[END_REF].

The production of dilepton is also considered as observable for similar reasons as the photons because of the weak interaction undergone with the QGP. Therefore, modi cations of leptons due to in-medium e ects can provide information on the QGP properties. The main process through which lepton pairs (l + l -) are created is the quark-antiquark annihilation via the exchange of a virtual photon: q + q → virtual photon → l + + l -where the quark and the antiquark are both free constituents coming from the QGP. The production cross-section of lepton pairs from the QGP was suggested to increase with the temperature. No information can be concluded when the temperature is below 300 MeV due to the dominance of the Drell-Yann process. Above 300 MeV, the separation of QGP leptons from Drell-Yann ones would be feasible [START_REF] Samuel | Introductory Nuclear Physics[END_REF]. A good example of analysis to investigate the QGP involving photons and leptons as probes can be found in [START_REF] Paquet | Probing the spacetime evolution of heavy ion collisions with photons and dileptons[END_REF].

Heavy-ion collisions

As it was already mentioned, colliding heavy nuclei at ultra-relativistic energies aims to create high energy density and temperature in a small volume to provide the suitable conditions to produce a new form of matter, the Quark-Gluon Plasma or QGP (section.1.2). After the achieved success in the world laboratories following several indications (QGP signatures section.1.2.2) for its e ective creation, the next challenge was to determine the characteristics of this decon ned strongly interacting matter. Among the most prominent observations accompanied with theoretical predictions are those measurements performed at RHIC where Au-Au collisions at √ s N N = 200 GeV took place and the analyses showed that a partonic matter was created with a ratio η/S (shear viscosity to entropy) value near the predicted theoretical limits. This result led to conclude that the QGP behaves as an almost perfect liquid [19] [20]. Several analyses are ongoing to extract and understand more properties regarding the initial conditions, equation of state, transport properties, QCD phase diagram which involve several observables such as the volume, temperature, lifetime, pressure evolution, energy, viscosity and many others. At the LHC where the energies are of the order of TeV, more suitable conditions are available (higher temperature and larger density)

to create a QGP with a longer lifetime, in comparison to RHIC. In fact, at the LHC in Pb-Pb collisions at √ s N N =2. [START_REF] Cao | Suppression and Two-Particle Correlations of Heavy Mesons in Heavy-Ion Collisions[END_REF] TeV, the volume and lifetime of the created reballs were deduced based on Bose-Einstein correlations and found to be larger (twice in volume) compared to those created at RHIC in Au-Au collisions. From RHIC to the LHC, there are hints of an increase in the initial energy density. In some other analysis, a comparison was performed between the elliptic ow v 2 measured at RHIC and LHC. A similarity was observed which lead to the fact that the properties of the created medium in heavy-ion collisions are similar between RHIC and LHC even if the initial energy density is not the same [START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF].

Some of the properties of the created decon ned matter ( reball) in a wide range of energies were estimated from comparisons between models and experimental data. The correspondent intervals for each observable are listed in the following:

-Temperature 100-500 MeV, which is a million times larger than the center temperature of the sun (1 MeV or 10 10 K), according to some other hydrodynamical models, the initial temperature of the reball can be in the interval 300-600 MeV.

-Volume of 1-5 × 10 3 fm 3 -Lifetime 10-20 fm/c which is about 3-6 × 10 -23 s -Pressure 100-300 MeV/fm 3 where 1 MeV/fm 3 ≈ 10 33 Pa -Density 1-10 × ρ 0 where ρ 0 refers to the normal density of nuclear matter with ρ 0 = 0.17 fm -3 = 2.7 × 10 14 g/cm 3 -Thermalisation time τ 0 ≈ 0.6-0.15 fm/c [START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF] [START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF].

Global properties

The analysis of heavy-ion collisions requires the frequent use of some control parameters.

One can mention √ s N N , the energy of collision per nucleon pair that is beam-energy dependent. The overlap region, where the collision of the two nuclei takes place, is another control parameter that results from the structure or the geometry of the collisions that is not the same between all events occurring in accelerators/colliders. The centrality is another control parameter that presents the fraction of a geometrical cross-section in percentage (%)

and the centrality, in turn, is associated with the impact parameter through the Glauber Model. Within the same model, two control parameters arise, N coll the number of nucleonnucleon collisions and N part the number of nucleons participating in the collisions and which contribute to the formation of the reball.

The di erent initial collision geometry results in two main types of collisions. When the nucleons from both accelerated beams do not participate in their totality, the collisions are called "peripheral". The nucleons that do not participate are referred to as spectators and those that collide with each other to form the reball, are called participants. A schematic presentation of a peripheral collision is displayed in the top panel of gure.1.8. This can be visualised in a di erent perspective in terms of the impact parameter b which is the distance, in the reaction plane, between the centers of the 2 colliding nuclei. When b is di erent than zero, it results in an overlap region presented by the red area (almond shape) in the bottom panel of gure. 1.8. When the collisions are head-on between the nuclei (an impact parameter close to zero), the collisions are called "central". The control parameters can be considered, in theoretical models, and some in experiments, as input parameters. In addition to that and to determine the properties of the events or the created medium, there are also the extracted parameters or observables [13] [21]. Among these observables, one can mention the M ultiplicity of charged hadrons which is de ned by the number of charged particles produced in events in a determined rapidity (pseudorapidity) range. The multiplicity was among the rst distributions obtained in heavy-ion runs at the LHC. Its importance comes from its connection to the initial energy density and the centrality of the collision. For example, in the most 0-5% central Pb-Pb collisions at √ s N N = 2.76 TeV, the multiplicity was estimated to be around 1600 in a pseudo-rapidity range |η| < 0.5. A good summary is given in gure.1.10 where the pseudo-rapidity density of the charged particles is presented as a function of collision energy in di erent systems (pp, p-A, A-A). The multiplicity, in this case, evolves by following a power law, as a function of the collision energy S α N N where α = 0.1 for the case of pp and p-A (elementary systems) and α =0.16 in the case of A-A. The fast increase in A-A compared to the pp and p-A is probably because A-A can not be just a simple independent superposition of nucleonnucleon interactions. The T ransverse energy is another important observable exploited to determine the energy density using the "Bjorken hydrodynamic model" that is based on geometrical considerations. The transverse energy is associated to the energy density via the equation

= (dE T /dη)| η=0 /(A × τ 0 )
where A is the area of the overlap region where the collision of the 2 nuclei took place. τ 0 is the formation time of the partons. The energy density was estimated to be 12-14 GeV/fm 3 in Pb-Pb collisions at √ s N N =2.76 TeV at the LHC which is 2-3 times larger than the reported value at RHIC.

Initial temperature is estimated when the QGP is in equilibrium through the electromagnetic probes (for instance photons). Due to their weak interactions with the created medium in heavy-ion collisions, photons can provide information on the early stage of the collisions.

The interesting photon spectrum is obtained after subtracting the background. After that, a t is performed by taking advantage of the NLO pQCD calculations. In Pb-Pb collisions at √ s N N =2. [START_REF] Cao | Suppression and Two-Particle Correlations of Heavy Mesons in Heavy-Ion Collisions[END_REF] TeV, an e ective initial temperature was estimated to be around 297 MeV which is above the critical temperature 160 MeV. While in other calculations where more restrictions and consideration were taken into account, the initial temperature was estimated to be in the interval 350-700 MeV [START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF].

Size of the QGP , very important observable for which information can be extracted through the space-time evolution of the created reball using the technique called "identical pion interferometry" or "Hanbury-Brown Twiss (HBT) correlations". In the 5% most central Pb-Pb collisions at √ s N N =2.76 TeV, the volume at kinetic freezeout is approximately 5000 fm 3 which is twice larger than the evaluated volume at RHIC. It was noticed that the volume of the reball increases as a function of multiplicity.

Evolution of the collision

The di erent stages of the collisions have similar aspects in comparison to the evolution of the universe from the big bang until the formation of galaxies, except that in colliders the evolution is much faster and the resulting product are much smaller, however, the beginning was with a similar matter, created in each case due to a di erent cause.

Due to the principle of the length contraction from special relativity and at relativistic velocities, the two incoming colliding nuclei are considered as two Lorentz contracted disks.

The typical value of the diameter of nuclei like Pb or Au is about 14 fm while the thickness is near 14/γ, with γ (Lorentz relativistic factor) about 100 and 2500 at RHIC and the LHC, respectively [START_REF] Busza | Heavy Ion Collisions: The Big Picture, and the Big Questions[END_REF]. Each of the two incoming disks, includes within it coloured quarks, antiquarks and gluons, or in other words, partons, distributed in the nucleons according to some structure functions.

When the collision occurs between the two disks (see gure.1.9), the partons undergo a partial energy loss. Consequently, a transverse momentum transfer, as well as colour charge exchange, take place at the parton level. This gives rise to longitudinal colour elds between the two disks as they recede which leads to an energy reduction of the disks and a small fraction of partons undergo hard interactions.

Due to the length contraction in ultra-relativistic collisions, a dense gluon eld is generated which leads in turn to the production of a strongly interacting medium in a small volume and high energy density. The energy density as estimated by the LHC at the very beginning, after the collision, is about 12 GeV/fm 3 that is 20 times larger than hadrons density. In such density, quarks and gluons are strongly coupled with the medium (QGP) and they are not attributed to a speci c hadron. In small systems like p-p collisions, the creation of such decon ned medium is not supposed to happen and if it does, it is expected to be smaller in volume. After that, particles keep on interacting where their momentum exhibit a change several times till this interaction stops at a speci c temperature T kin where the kinematical properties are xed for each produced particle which presents a stage called kinetic f reezeout [START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF]. The predictions from the hydrodynamics-inspired blast-wave models compared to the experimental data led to the extraction of the associated temperature T kin = 96 MeV similar to the one extracted at RHIC. A more complete theoretical treatment of hydrodynamical evolution of heavy-ion collisions can be found in [START_REF] Gale | Hydrodynamic modeling of heavy-ion collisions[END_REF] where medium properties were reported by emphasising on the elliptic ow v 2 , the viscosity, the ratio η/s.

Heavy avour production

The charm quarks were discovered rst through the charmonium which is a bound state of charm and anti-charm quarks and it is also referred to as heavy quarkonia. The discovery of the particle J/Ψ (charmonium) took place in p-Be collisions at the Brookhaven The term heavy avour was attributed to the quarks charm and bottom to distinguish them from the other quarks: up, down and strange. This is due to their heavier bare mass, m(charm)≈ 1.28 GeV and m(bottom)≈ 4. [START_REF] Paquet | Probing the spacetime evolution of heavy ion collisions with photons and dileptons[END_REF] GeV not only in comparison to the lighter quarks but also in comparison to the QCD scale Λ QCD (≈ 0.2 GeV). This di erence results in a production of heavy avour pairs initially through a strong partonic scattering in ultrarelativistic proton-proton collisions which allows for a perturbative treatment in theoretical QCD calculations. Therefore, an important test of pQCD calculations can be obtained by taking advantage of such characteristics of heavy-avours in p-p collisions. Moreover, the understanding of these baseline calculations, either from the theoretical side or the experimental one, is decisive before exploiting these heavy avours as probes in heavy-ion collisions to investigate the properties of the created medium.

In short, the objective of the open heavy-avour measurements, within experiments in both LHC and RHIC, incorporates the understanding and the exploitation of their properties in di erent collisional systems. In p-p collisions, the reference measurements to nucleusnucleus collisions can be provided. They are of great importance since they can help to investigate the e ects due to the presence of the dense and hot matter created in heavy-ion collisions. In addition to that and thanks to the properties of heavy-avours, perturbative QCD calculations can be applied which symbolises a testing ground for QCD theoretical calculations. In p-nucleus collisions, e ects due to cold nuclear matter (CNM) can be distinguished by using measurements in p-p collisions, not to mention that theoretical models parameterising CNM can be tested too. Other collisional systems can be exploited such as Cu-Cu which may help to investigate the system sizes of course by taking advantage of the p-p collisions measurements of open heavy-avour as a reference.

In this part, the main interest is the production of heavy avour hadrons, which can be resolved into three parts according to the pQCD approach.

• initial conditions (non-perturbative). are a re ection of Parton Distribution Function (PDF) that determines the momentum fraction x acquired by a parton from the original nucleon. The fraction x depends on Q 2 with Q the energy-momentum transferred when the interaction between two partons takes place. There is not only one PDF but several ones studied for di erent partons.

• Partonic scattering cross-section (perturbative). Perturbative QCD calculations are applicable at this stage. Heavy avours can be created through the pair creation process (quark-antiquark annihilation and gluon fusion) at the Leading Order (LO)

and gluon splitting and avour excitation at the Next-to-Leading Order (NLO). Thestate-of-the-art calculations are performed at the xed order with next-to-next-toleading-logarithm resummation (FONNLL).

• Fragmentation of heavy quarks into heavy-avour hadrons (non-perturbative).

where two situations are distinguished:

1. A heavy avour is bound with a light quark and fragment to form an open heavy avour hadron whose energy is determined based on the energy of the initial heavy-quark through the f ragmentation f unction. These functions are supposed to be universal whatever the production mechanism and they are measured in e +e -reactions.

2.

A heavy quark is bound with its anti-quark and fragmentation takes place to form a quarkonium where 1-2% of the created heavy avour pairs form quarkonium rather than the production of 2 separate hadrons [START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF].

The production of heavy avours takes place via the processes of Flavour Creation (FCR), Flavour Excitation (FEX) and Gluon Splitting (GSP). The Leading Order (LO) is symbolised by avour creation which can be either through the quark-antiquark annihilation q q → Q Q or gluon fusion gg → Q Q, where q/q are generic quarks and Q/ Q is the produced heavyquark pair. As for the Next-to-Leading Order (NLO), avour excitation takes place when a gluon from an incoming nucleon splits into a heavy avour pair Q Q and one of this pair undergoes a hard scattering with a generic parton qQ → qQ. Gluon splitting takes place in the nal state after a normal hard scattering of 2 partons. The example diagrams of these processes are presented in gure.1.12. These production channels of heavy avours can be separated using a Monte Carlo event generator based on parton shower in order to distinguish the contribution of each process as a function of p T . An example study, performed with Herwig at RHIC and LHC energies, can be found in [START_REF] Ban | Accurate QCD predictions for heavy-quark jets at the Tevatron and LHC[END_REF]. Heavy avours were studied in di erent collaborations at di erent energies and collisional systems. Interesting theoretical studies on charm and bottom quarks production at the LHC were held [START_REF] Cacciari | Theoretical predictions for charm and bottom production at the LHC[END_REF] where approaches like MC@NLO [START_REF] Frixione | The MC@NLO 4.0 Event Generator[END_REF] and POWHEG [START_REF] Oleari | The POWHEG BOX[END_REF] coupled with either PYTHIA [START_REF] Sjöstrand | A brief introduction to PYTHIA[END_REF] or HERWIG [START_REF] Bär | Herwig++ Physics and Manual[END_REF] were used to obtain the theoretical predictions and they were compared to the rst measurements of heavy avours in pp collisions at 7

TeV at the LHC.

Apart from the heavy-avour production mechanisms, several other studies aimed to compute the fragmentation fractions of heavy quarks i.e. the probability for a charm (or bottom) to fragment into charmed hadrons. For example, one can mention the study that was driven at LEP [START_REF] Gladilin | Fragmentation fractions of c and b quarks into charmed hadrons at LEP[END_REF] [START_REF] Kniehl | Charmed-Hadron Fragmentation Functions from CERN LEP1[END_REF] and the one within ZEUS collaboration at HERA [START_REF]Measurement of the charm fragmentation function in D * photoproduction at HERA[END_REF] where fragmentation fractions of charm quarks into the mesons D 0 , D + , D s , D * + and the baryon Λ c were determined as well as the fraction of b quarks that fragment into charmed hadrons. A general study concerning this topic in more details and inputs from di erent collaborations and energies can be found in [START_REF] Lisovyi | Combined analysis of charm-quark fragmentation-fraction measurements[END_REF] where several heavy meson species were included. In a di erent perspective, the heavy avour can also be studied through CP violation and rare decays of heavy mesons as it was done in [START_REF] Gershon | Heavy Flavour Physics at the LHC[END_REF] where the obtained experimental results with LHCb, ATLAS and CMS detectors were consistent with the predictions from the Standard Model.

An example of interesting analyses performed at the Tevatron can be checked in [START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] where the rst data in Run 1 and 2 were collected and analysed by CDF and DO collaborations.

Both charmed and bottom hadrons (open and hidden heavy avours) were reconstructed and several experimental observables were compared to those predicted by the theoretical calculations. Among the observables, one can mention the di erential cross-section, lifetime decay, fragmentation fractions and so on. More insights on heavy avour can be found in the generalised proceedings/papers [START_REF] Vogt | Open and Hidden Charm Production at RHIC and LHC[END_REF] [38] [START_REF] Winn | Heavy avour production in proton-lead and lead-lead collisions with LHCb[END_REF] [40] [START_REF] Beraudo | Heavy avors in heavyion collisions: quenching, ow and correlations[END_REF] or workshop discussion [START_REF] Aarts | Heavy-avor production and medium properties in high-energy nuclear collisions -What next?[END_REF].

The next parts will be dedicated to the presentation and discussion for some of the interesting analysis results performed on heavy-avour production in di erent experiments and collisional systems.

Heavy avour production in proton-proton collisions

At LHCb Collaboration, the production cross-section of B mesons was obtained as a function of the transverse momentum in a kinematical range down to 0 GeV/c and up to 40 the NLO QCD calculations were performed and they were found to be in agreement within uncertainties despite the fact that the central values lie below the data generally. Hidden heavy avours, such as J/Ψ, were also reconstructed within LHCb Collaboration [START_REF]Measurement of J/Ψ production in pp collisions at √ s = 7 TeV[END_REF] where the di erential cross section was obtained for prompt J/Ψ (c → J/Ψ) and non-prompt J/Ψ (b → J/Ψ) and have been compared to models. An agreement was observed especially for the di erential cross-section of non-prompt J/Ψ between the measurements and FONLL predictions.

B mesons are studied also via their semi-leptonic decay [START_REF]Beauty production in pp collisions at √ s = 2.76 TeV measured via semi-electronic decays[END_REF] within ALICE collaboration in p-p collisions at 2.76 TeV where the cross-section of electrons coming from the decay of B mesons was computed and compared to the theoretical predictions from FONLL, GM-VFNS and k T factorisation. An agreement is established between theory and data within uncertainties as presented in the gure.1.14. Within ALICE collaboration also, the D * + , D 0 , D + mesons di erential cross-sections were deduced in p-p collisions at 7 TeV [START_REF]Measurement of charm production at central rapidity in proton-proton collisions at √ s = 7 TeV[END_REF] in the p T range 1 < p T < 24 GeV/c and |y| < 0.5

where the data is reasonably described by the theoretical predictions from FONLL and GM-VFNS within uncertainties. More detail can be checked in [START_REF] Kniehl | Inclusive Charmed-Meson Production at the CERN LHC[END_REF] concerning the performed comparison between the calculated production cross-section of D 0 , D * + and D + with ALICE experiment [START_REF]Measurement of charm production at central rapidity in proton-proton collisions at √ s = 7 TeV[END_REF] and the theoretical predictions from NLO GM-VFNS. The performed analyses in [START_REF]Measurement of charm production at central rapidity in proton-proton collisions at √ s = 7 TeV[END_REF] were repeated in [START_REF]Measurement of D-meson production at mid-rapidity in pp collisions at √ s = 7 TeV[END_REF] in order to improve some aspects. The meson D + s is included in the analysis in addition to the previous 3 non-strange D mesons. The p T range was extended, the uncertainties were reduced and one more calculation from theoretical predictions was added (LO k T fact). D 0 mesons were reconstructed in the kinematical p T range 0 < p T < 36 GeV/c, D + and D * + in 1 < p T < 24 GeV/c and D + s in 2 < p T < 12 GeV/c. An example of the computed p T di erential production cross-section compared to the theoretical models is displayed in gure.1.16 for D + s in the left panel and D * + in the right panel. The data are well described by the FONLL and GM-VFNS models.

However, the LO k T describes the data only qualitatively.

In a recent study within ALICE collaboration [START_REF]Measurement of D 0 , D + , D * + and D + s production in pp collisions at √ s =5.02 TeV with ALICE[END_REF], analyses were performed in pp collisions at 5.02 TeV. The same D meson species were considered as in [START_REF]Measurement of D-meson production at mid-rapidity in pp collisions at √ s = 7 TeV[END_REF]. Among the interesting conclusions, one can state the compatibility of the cross-section of D mesons computed in pp collisions at 5.02 TeV compared to those in pp collisions at 7 TeV within uncertainties. Within the ATLAS collaboration, heavy avours were studied too. An example can be found in [START_REF]Measurement of D * ± , D ± and D ± s meson production cross sections in pp collisions at √ s = 7 TeV with the ATLAS detector[END_REF] where D mesons (D * ± , D ± , D ± s ) were reconstructed in p-p collisions at 7 TeV in the p T range 3.5 < p T < 20 GeV/c and the pseudo-rapidity range |η| < 2.1. Within these kinematical intervals, the di erential production cross-section for both D * ± and D ± was calculated as presented in gure.1.17. The top panel shows the cross-section for D * ± and the bottom one for D ± . From these distributions, the theoretical predictions seem to reproduce qualitatively well the data but it lies below them, unlike FONLL and POWHEG which reproduce the data within large theoretical uncertainties. POWHEG is a framework dedicated for the implementation of the Next-to-Leading-Order (NLO) with Parton showers (PS). In the PHENIX Collaboration [START_REF]Measurement of Bottom versus Charm as a Function of Transverse Momentum with Electron-Hadron Correlations in p+p Collisions at √ s = 200 GeV[END_REF], heavy avour mesons (D and B) were studied through their semi-electronic decay channel where the production cross-section of heavy avour electrons was calculated in p-p collisions at √ s =200 GeV and compared to the theoretical predictions from FONLL. Although the data is a bit higher than the theoretical prediction, the two agree qualitatively well, as can be seen in gure.1.18.

An example of cc production cross-section obtained from the measurements of D * , D 0 mesons within STAR collaboration can be found in [START_REF]Measurement of D 0 and D * Production in p+p Collisions at √ s = 200 GeV[END_REF]. The cross-section from the experiment was found to match the upper bound of FONLL calculations and a better agreement From this comparison, one can see clearly that the behaviour of the mesons between the two colliding systems is similar as a function of the transverse momentum. However, no quantitative agreement is established which is expected theoretically. This is probably due to the Shadowing e ect which refers to the central nucleons being shadowed by the surface ones in the nucleus and that results in a smaller cross section. This phenomenon is expected to take place for the low x-region (x < 0.1) for example in p-Pb collisions which modi es the production of particles at low momentum at LHC energies [START_REF] Armesto | Nuclear shadowing[END_REF].

The nuclear modi cation factor is an important observable to be exploited in proton-nucleus collisions and it is de ned by the equation,

R pA = 1 < N coll > dN pA /dp T dN pp /dp T (1.8)
where < N coll > is the number of binary collisions for a determined centrality class while dN pA /dp T and dN pp /dp T are the p T -dependent di erential yield of the considered particle species in p-A and p-p collisions, respectively. The importance of this observable comes from the de nition itself because if this fraction is equal to one, this means that there is no modi cation in the production of D mesons in p-Pb compared to p-p collisions and if it is di erent than one, then D meson production is modi ed probably due to in-medium e ects.

The nuclear modi cation factor R pP b of D mesons was extracted in p-Pb collisions at 5.02

TeV as presented in gure.1.21. One can see that the nuclear modi cation factor is compatible with unity within statistical and systematic uncertainties. This is a hint that cold nuclear matter may not have an important impact on the production of D mesons in p-Pb collisions in comparison to their production in p-p collisions. Concerning the comparison of the computed nuclear modi cation factor versus models, several approaches were considered as presented in gure.1.22 where the theoretical predictions provide an acceptable qualitative description to the data especially at some speci c p T range for some models. However, no rm conclusion can be deduced until the consideration of calculations and measurements with better precision. and POWLANG-lQCD (dot-dashed thin line) [START_REF]D-meson production in p-Pb collisions at √ s N N = 5.02 TeV and in pp collisions at √ s = 7 TeV[END_REF].

An example of analysis involving quarkonium in p-Pb collisions can be found in [START_REF]Study of J/Ψ production and cold nuclear matter e ects in pPb collisions at √ s N N = 5 TeV[END_REF]. The production of the J/ψ was studied in p-Pb collisions at the centre of mass energy √ s N N = 5

TeV with LHCb detector. These analyses were performed in a transverse momentum range up to 14 GeV/c. The production cross-section of J/ψ is calculated for the prompt J/ψ and non-prompt J/ψ as a function of the transverse momentum p T in the forward and backward rapidity ranges 1.5 < y < 4.0 and -5.0 < y < -2.5 as presented in the left and right panels of gure.1.23, respectively. The p T -di erential production cross-section of prompt J/ψ is presented in black circles and the one of non-prompt J/ψ in red squares. The cross-section of prompt J/ψ is larger than the cross-section of non-prompt J/ψ. nuclear matter e ects where the agreement is established within uncertainties. One can see that the suppression is not di erent between the non-prompt J/ψ and prompt J/ψ. Indeed, at backward rapidity, they are almost equal while at forward rapidity the observed di erence can be just a 1-2 sigma statistical uctuations. For what concerns the cross-section, the data were compared to the theoretical predictions from FONLL where the latter seems to agree well with the data within uncertainties. As for the nuclear modi cation factor of B mesons, an agreement is established between the experimental measurements and the predictions from FONLL within systematic and statistical uncertainties of the measurements.

No suppression was observed concerning the production of B mesons since the nuclear modi cation factor of these B mesons is consistent with unity within the large systematic/statistical uncertainties. Consequently, no cold nuclear matter e ect was observed. 

Heavy avour production in heavy-ion collisions

As in p-A collisions, the nuclear modi cation factor also can be exploited in heavy-ion collisions to study the di erences that could take place compared to p-p collisions or even p-nucleus collisions. It is de ned by the expression,

R AA = dN AA /dp T < N coll > ×dN pp /dp T = dN AA /dp T < T AA > ×dσ pp /dp T (1.9)
where dN AA /dp T is the di erential yield of particles in A-A collisions. dN pp /dp T (dσ pp /dp T )

is the di erential yield (cross-section) of particles in p-p collisions. < N coll > is the number of binary collisions for a speci c centrality class. < T AA > is the nuclear thickness (overlap) function.

As an example of measurements of the nuclear modi cation factor in heavy-ion collisions, one can cite the analysis performed at CMS collaboration [START_REF]Suppression of non-prompt J/Ψ, prompt J/Ψ, and Γ(1S) in PbPb collisions at √[END_REF] where both the cross-section and the R AA of the prompt, non-prompt J/ψ and Υ(1S) were studied via their semi-leptonic decay channel (µ + µ -) in Pb-Pb collisions at the center-of-mass energy and N part (bottom row) [START_REF]Suppression of non-prompt J/Ψ, prompt J/Ψ, and Γ(1S) in PbPb collisions at √[END_REF].

√ s N N = 2.
Within CMS Collaboration, the nuclear modi cation factor of D 0 mesons was calculated In both pp and Pb-Pb collisions (for both centrality classes), similar qualitative behaviour is observed. ALICE collaboration has studied D + s mesons through the extraction of the associated nuclear modi cation factor [START_REF]Measurement of D + s production and nuclear modi cation factor in Pb-Pb collisions at √ s N N = 2.76 TeV[END_REF] in Pb-Pb collisions at √ s N N = 2.76 TeV as displayed in the left panel of gure.1.31 where the R AA was obtained for two centrality classes 0-10% (orange crosses) and 20-50% (green diamonds). One can notice that the suppression of D + s is more prominent at central collisions than at peripheral ones and it gets more important at larger p T . This can be interpreted by the importance of in-medium e ects in central collisions.

In the right panel of gure.1.31, a comparison was performed between the average D 0 , D + , D * + (black circles), D + s mesons (orange crosses) and the theoretical predictions from TAMU for non-strange D mesons and D + s presented in black and orange solid lines, respectively. The predictions reproduce qualitatively the data and agree quantitatively only in some speci c p T ranges within uncertainties. For non-strange D mesons, the agreement is established up to 5 GeV/c otherwise the data are underestimated for p T > 5 GeV/c. For D + s , there is an agreement up to 10 GeV/c. More results and discussions on some of the previous studies on heavy avour productions at the LHC can be found in [START_REF] Eugenio | Heavy Flavour Production at LHC: an overview[END_REF] where an interesting comparison was presented concerning the production cross-section of heavy quark pairs (cc and b b) as displayed in gure.1.32.

The interesting conclusion is the total production cross-section of cc/b b pairs which was measured in di erent energies and experiments and it increases with increasing energy √ s at the center-of-mass frame. This trend is in agreement with the predictions from NLO (MNR) up to the upper bound. Among the theoretical analyses and models, one can mention the Parton-Hadron-String Dynamics (PHSD) exploited in [START_REF] Bratkovskaya | Heavy avor in relativistic heavy-ion collisions[END_REF] to study charm production in heavy-ion collisions. In this approach, the PYTHIA event generator is used to generate the initial charm p T and rapidity spectrums to match those from FONLL. The Dynamical Quasi-Particle Model (DQPM) was exploited to compute the masses of the o -shell QGP partons as well as for the calculation of the cross-section. The nuclear modi cation factor and the elliptic ow extracted from this approach were compared to those obtained from STAR and ALICE collaborations in Au-Au/Pb-Pb collisions at √ s N N = 200 GeV and 2.76 TeV, respectively. The data are reproduced by the PHSD without considering the radiative energy loss since it was observed that the collisional energy loss is dominant up to 6 GeV/c and 15 GeV/c at RHIC and LHC, respectively.

Heavy mesons like D * ± were studied for example in [START_REF] Kniehl | Inclusive D * ± Production in pp Collisions with Massive Charm Quarks[END_REF] within a theoretical framework where the inclusive production cross-section was computed as a function of the transverse momentum and the rapidity at the next-to-leading order by exploiting the massive and the massless charm quarks approaches and the realistic non-perturbative Fragmentation Functions. Although the experimental cross-section lies in the upper bound of the theoretical cross-section, a qualitative agreement is established between the theoretical and the experimental cross-section. The latter was calculated within CDF collaboration in pp collisions at 1.96 TeV.

Heavy avours were also studied within other theoretical frameworks [START_REF] Beraudo | Heavy avours in heavyion collisions : quenching, ow and correlations[END_REF] for example the POWLANG package used as a transport setup of heavy avours in the QGP plus simulating their hadronisation via string fragmentation by taking advantage of PYTHIA. The predictions of this improved model concerning the R AA , v 2 and correlations (D-h, HFe-hadron)

were compared to the experimental data from RHIC (STAR) in Au-Au collisions at √ s N N = 200 GeV and LHC (ALICE) in Pb-Pb collisions at √ s N N = 2.76 TeV and they were found to be in a qualitative agreement. More details on the advancement in the sector of heavy avours in heavy-ion collisions can be found in [START_REF] Aarts | Heavy-avour production and medium properties in high-energy nuclear collisions -What next ?[END_REF].

Heavy Flavour Correlations

Several studies in both experiment and theory were performed on correlations. This proves the crucial role of this observable in our understanding not only for what concerns the production mechanism of heavy avours but also the thermalisation of heavy avours within the created medium in heavy-ion collisions.

Among the studies held in this topic, one can mention what was done in [START_REF] Zhu | D D Correlations as a Sensitive Probe for Thermalization in High Energy Nuclear Collisions[END_REF] where the cor- In a di erent perspective [START_REF] Zhu | The e ect of partonic wind on charm quark correlations in high-energy nuclear collisions[END_REF], the e ect of partonic wind -which is a consequence of the For the purely collisional energy loss, correlation distribution shows a near side peak (∆φ = 0) due to the partonic wind e ect. When this e ect is disabled, it gives the distribution in yellow dotted-dashed line where the enhancement in the near side disappeared and one can deduce that the partonic wind is indeed responsible for the collinear motion of cc pairs in the created medium in heavy-ion collisions. For the purely radiative energy loss, correlation distribution shows an away side peak (∆φ = π) with a large magnitude that gets smaller once the collisional energy loss is taken into account with the radiative one. p T,asso > 4 GeV/c (dashed green line). These distributions were obtained using the same parameter settings used to obtain the p T spectrum in agreement with the one measured by STAR collaboration. Correlation distribution with no cut shows a at behaviour and once a p T cut is applied, one starts to see an enhancement around ∆φ = π. The peak is getting clearer once the cut is higher until correlations around ∆φ = 0 appear as well.

According to [START_REF] Cao | Modeling of heavy-avour pair correlations in Au-Au collisions at 200A GeV at the BNL Relativistic Heavy Ion Collider[END_REF] [76], the angular correlations of D D in Au-Au collisions at 200 GeV for di erent energy loss mechanisms do not show a di erence when su ciently higher p T cuts are applied. While at low p T cuts, one can see that correlations in the case of the collisional energy loss show a near side peak while for radiative energy loss, the distribution shows an away side peak. When both energy loss mechanisms are considered, the obtained distribution shows a near side peak (small in magnitude) but no away side peak. This is due to the average number of pairs which is large at low p T and to the large number of uncorrelated pairs as well. This number gets smaller once we deal with higher p T .

D-hadron correlations were simulated in p-p collisions and Au-Au collisions [START_REF] Cao | Heavy and light hadron production and D-hadron correlation in relativistic heavy-ion collisions[END_REF] using the Linear Boltzmann Transport (LBT) model for which the theoretical predictions concerning the nuclear modi cation factor (R AA ) and the elliptic/triangular ow (v 2 ,v 3 ) were found to agree with the experimental data from RHIC and LHC. Correlation distributions for the number of correlated pairs and their energy were obtained as presented in gure.1.36.

The red solid line presents the distribution in Au-Au collisions while the dashed blue line presents the distribution in p-p collisions. The left plot shows the distributions for the correlated pair numbers as a function of ∆φ. The near side and the away side peaks are both visible but the distributions in Au-Au collisions are larger in magnitude which is reasonable due to the large multiplicity and underlying events expected in heavy-ion collisions. The right plot is similar to the left one except that the energy is shown instead. The distribution obtained in p-p collisions shows 2 peaks in the near side and the away side although not similar in magnitude but both are narrow which is not the case in Au-Au collisions where the di erence lies in the broadened away side peak, a feature that re ects probably the interaction of the jet of particles with the created medium (QGP) in heavy-ion collisions. A particularly interesting study on the production processes of heavy avours was performed [START_REF]Transverse momentum balance of b-jet pairs in pp and PbPb collisions at √ S N N = 5.02 TeV[END_REF] by exploiting the correlation of b-jets and PYTHIA simulations. The weighted ∆φ distributions obtained for b-tagged jets are presented in gure.1.37. The histograms in green, orange and blue present the correspondent PYTHIA simulations respectively for Flavour Creation (FCR), Flavour Excitation (FEX) and Gluon Splitting (GSP). The solid black points present the experimental data. The lower panel in this gure shows the di erence Data -MC. There is a reasonable agreement between the data and simulations. The 3 processes predict similarly the experimental data at larger angles, unlike the smaller ones where the 3 processes describe di erently the data. The GSP becomes the dominant mechanism at smaller angles followed by FEX. Within LHCb Collaboration, an interesting correlation analysis was performed [START_REF]Observation of double charm production involving open charm in pp collisions at √ s = 7 TeV[END_REF] where charmed hadrons were selected in the rapidity range 2 < y C < 4 and transverse momentum range 3 < p T C < 12 GeV/c. These charmed hadrons were considered in di erent combinations. As a result, several cases of correlations distributions are obtained as presented in gure.1.38. One can see clearly that the enhancement at smaller angles (∆φ = 0) is more important than those at larger angles (∆φ = π). This means that gluon splitting is the dominant process which is expected at high energies of the order of TeV at the LHC.

An example of correlation between b and b is shown in gure.1.39 which was obtained with LHCb detector. The performed comparison shows an agreement between the experimental data (black points) and the predictions from POWHEG (yellow cross-hatched area) and PYTHIA (green area) [START_REF]Study of b b correlations in high energy proton-proton collisions[END_REF]. At CMS collaboration, heavy avour correlations were studied di erently. Instead of considering just the B mesons, the whole jet tagged by the presence of the B meson is considered in the analysis performed on the data collected in p-p collisions at 7 TeV [START_REF]Measurement of B B Angular Correlations based on Secondary Vertex Reconstruction at √ s = 7 TeV[END_REF]. The predictions underestimate the data at smaller angles (∆φ = 0) and overestimate them at larger angles (∆φ = π). It is possible to say that a qualitative agreement is established although the quantitative di erence at smaller/larger angles. From the experimental data, both near-side and away-side peaks have an almost similar magnitude so the contribution from avour creation is closer to gluon splitting. From the predictions, it is clear that avour creation is the dominant production process at larger angles around ∆φ = π while at smaller angles ∆φ = 0, gluon splitting is the dominant one. Flavour excitation contributes signi cantly only at larger angles [START_REF] Reisert | on behalf of the CDF Collaboration, Charm Production Studies at CDF[END_REF]. Within ALICE collaboration, some correlation analyses were held by considering a di erent perspective such as correlations between charged particles and their dependence on the multiplicity [START_REF]Multiplicity dependence of two-particle azimuthal correlations in pp collisions at the LHC[END_REF]. It was found that both the near-side and the away side yields grow with the multiplicity. As for the combinatorial background, the growth is linear with chargedparticle multiplicity. The trigger particle number increases faster than linear. For a xed multiplicity, the near-side yield increases with √ s while the away-side yield decreases with √ s. As for the combinatorial background, no dependence was observed. An example of the correlations between charged particles can be found in [START_REF]Observation of long-range elliptic azimuthal anisotropies in √ s =13 and 2.76 TeV pp collisions with the ATLAS detector[END_REF]. The correspondent famous ridge feature is shown in gure.1.43. This two-particle correlations distribution is clearly showing a ∆φ ∆η-dependence where the peak around (∆φ, ∆η) = (0, 0) is a feature suggesting a strong correlation between charged particles which proves the production of a jet of particles in the same direction as the trigger particles. On the other side, around ∆φ = π, the distribution seems peaked but broadened in ∆η which can be interpreted by the production of di-jets. It is also clear that the correlation peak is stronger for larger multiplicity. Among the interesting conclusions, one can mention that the ridge phenomenon in p-p collisions or p-Pb collisions is most likely based on similar physics aspects from which one can infer that there is probably no dependence on √ s.

Two-particle correlations were studied in Pb-Pb collisions at 2.76 TeV with ALICE detector [START_REF]Evolution of the longitudinal and azimuthal structure of the near-side jet peak[END_REF] where the obtained ∆φ -∆η distributions also show the ridge feature. It was deduced that the peak widths increase from peripheral to central collisions and those in peripheral collisions are larger than those obtained in p-p collisions. Concerning p T dependence, the peak width gets narrower at larger p T . The distributions are broadened for central collisions in the ∆η direction. A depletion is observed in ∆η too which was interpreted by the interaction between the fragmenting partons and the radial/longitudinal ows of the created medium in Pb-Pb collisions.

The yield of charged particles per trigger is another alternative observable for correlation studies [START_REF]Particle-yield modi cation in jet-like azimuthal di-hadron correlations in Pb-Pb collisions at √ s N N = 2.76TeV[END_REF]. In such analyses, the yield is obtained in di-hadron correlations in Pb-Pb and pp collisions at 2.76 TeV with the ALICE detector. The ratio between the Y P b-P b and Y p-p is noted as I AA . An enhancement (suppression) is observed in the near-side (away-side)

which indicates an energy loss in the created medium in central collisions. As for peripheral collisions, no energy loss can be concluded since the I AA was found to be closer to 1 for both near-side and away-side. Concerning the comparison between the output from the LHC and RHIC, the suppression in the latter was found to be larger than the former.

Chapter Conclusion

In this chapter, the Quark-Gluon-Plasma and its connection with the early Universe was discussed. Laboratories on Earth re-created a small droplet of this state of matter via heavyion collisions, and several experiments shared the study of its properties and evolution as a function of the temperature and the baryonic density to constitute the phase diagram. In accelerators, signatures of the creation of the Quark-Gluon-Plasma were inferred and exploited, such as quarkonium suppression, thermal radiation and strangeness enhancement.

Heavy-ion collisions were then treated where the global properties and input parameters were presented and then the main stages and the evolution of heavy nuclei collisions were presented. After that, the basic features of the Standard Model were presented and explained with focus on elementary particle classi cation and on the forces responsible for their interaction. The theory of the Strong interactions, Quantum Chromodynamics, was discussed brie y with attention on colour con nement and asymptotic freedom. Some highlights on the results of heavy avours production in the di erent collisional systems and energies were presented and discussed mainly through the presentation of the di erential production cross-sections in p-p collisions and a focus on the nuclear modi cation factor results in p-nucleus and nucleus-nucleus collisions. Finally, correlation analyses were presented and discussed from the experimental and the theoretical point of view involving the contributions of the production processes of Flavour Creation, Flavour Excitation and Gluon Splitting as well as the importance of partonic wind with the presence of a medium and how it does impact the correlation pattern.

Chapter 2

ALICE Experiment

In this chapter, an overview of the Large Hadron Collider (LHC) is given. After that, the AL-ICE experiment is presented brie y, and more details are provided on the relevant detectors for the correlation analysis.

The Large Hadron Collider

The LHC is the biggest machine ever built. It was designed to accelerate beams of particles, mainly protons and lead nuclei. The LHC project was approved by CERN Council in 1994. The initial plan was to build the accelerator in two steps so that it would have reached energy at the center of mass system of 10 TeV and 14 TeV in the rst step and second one, respectively. But in December 1996, the Council approved the construction of the LHC at CERN in one stage instead of two with the aim to reach immediately 14 TeV. The hardware of the machine was built by both members and non-members states of CERN. The LHC was redesigned several times for matter of cost and performance purposes. These activities had been published in October 1995 in the "Yellow Book" (the LHC Conceptual Design Report [START_REF] Pettersson | Geneva The Large Hadron Collider : conceptual design[END_REF]). The redesign touched the superconducting magnet system, precisely, the main dipoles, the beam collimation systems, the Radiofrequency (RF), and Beam Feedback. The design of the vacuum system was not changed. More details can be found in [START_REF] Bruning | LHC Design Report, Volume I, The LHC main ring[END_REF].

Operating mode

The accelerated beams of protons at the LHC are supplied from the injector chain LINAC2, while ions (Pb in ALICE) are supplied from the injector chain LINAC3. To reach an energy of 13 TeV in the centre of mass system, the beam of protons is injected in a chain of accelerators where the beam energy increases in steps. The LHC accelerator complex is shown in gure.2.1.

The acceleration of proton beams at the LHC starts with a bottle of compressed hydrogen gas. Hydrogen atoms (lead atoms) from this gas cylinder are fed with a controlled rate into a linear accelerator chamber CERN's LINAC2 (LINAC3), where their electrons are stripped o to leave hydrogen nuclei with a positive charge (protons) which enable them to be accelerated by an electric eld. After that, this packet of protons will leave LINAC2, and it

will be traveling at one-third of the speed of light. Then, it will enter the booster stage. To maximise the intensity of the beam, the packet is split into four, one for each of the boosters' rings. The booster is circular with a circumference of 157 meters. To accelerate the packets in it, they are circulated repeatedly by a pulsed electric eld. Powerful electromagnets are exploited to bend the beam of protons by applying a force at the right angles compared to the direction of their motion. The booster accelerates the protons up to 91.6 % of the speed of light and squeezes them closer together. The packets are recombined from the four rings and injected into the proton synchrotron (PS). The PS is 628 meters in circumference, and protons need to circulate for 1.2 seconds to reach over 99.9% of the velocity of light. At this stage, the energy added to the protons by the pulsating electric eld cannot be converted into velocity as they are already approaching the limit of the speed of light. The added energy manifests itself as an increasing mass of the protons instead. In short, the protons cannot go faster; consequently, they get heavier. The microscopic kinetic energy of each proton is measured in units called electron volts (eV). So far, the energy of each proton has increased to 25 Giga electron volts (GeV), i.e. the protons are 25 times heavier than they are at rest. Next, the packets of protons are channeled into the Super Proton Synchrotron (SPS), a huge ring of 7 kilometers in circumference designed speci cally to accept protons at this energy and increase it to 450 GeV. In the end, each proton has an energy of seven Tera electron volts (TeV), and they are 7000

times heavier than at rest.

The circular path of the beam is maintained by the superconducting dipole magnets, while the quadrupole magnets keep the beams focused for more interactions.

At this stage, the rotating beams cross over in the four detector caverns where they are ready to collide with the double of the individual energy of the opposing protons, and it can reach 14 TeV at the LHC. A stirring magnet brings them onto a collision point.

The debris, or in other words particle tracks from these collisions, will be analysed by computers connected to the detectors with the hope that these tracks will give insights into the beginning of our universe, how it was evolved, what governs its behaviour today, and where it's going in the future.

Brie y, the two accelerated beams of particles intersect in four points where the interaction between the beams of particles takes place. At each intersection point, a detector of an experiment is installed. Each experiment was designed and dedicated to studying a couple of fundamental questions.

The LHCb experiment is designed to study rare decays of beauty mesons and to search for new ones to explain the asymmetry between matter and antimatter in the universe. A Toroidal LHC Apparatus (ATLAS) is dedicated to the study of the Higgs boson, the origin of mass, and to search for physics beyond the standard model. The Compact Muon Solenoid (CMS) is designed to search for the nature of the dark matter in addition to the studies on the Higgs boson as in ATLAS. A Large Ion Collider Experiment (ALICE) is the only experiment that was designed and built to study heavy-ion collisions where the Quark-Gluon-Plasma (QGP) is created. In this thesis, the data exploited in the correlation analysis were collected with the ALICE experiment.

Three other small experiments were added. TOTal Elastic and di ractive cross section Measurement (TOTEM), installed near CMS at point 5, is an experiment devoted to measuring the total cross-section, small-angle elastic scattering, and di raction dissociation. The Large Hadron Collider forward (LHCf) detector where physicists aim to study cosmic rays and the experiment will be sharing the interaction point 1 near ATLAS. Monopole and Exotics

Detector at the LHC (MoEDal) searches for the magnetic monopole or any other highly ionising stable/pseudo stable massive particles. The cavern is shared with LHCb at point 8

[1] [90] [91].

ALICE Detector

The ALICE detector was built by a collaboration that consists of more than 1,500 physicists and engineers from 37 countries. The total weight of the detector is about 10.000 tons, and it keeps the dimensions 16 x 16 x 26 m 3 . ALICE main purpose is the study of matter at extreme conditions and more precisely the investigation of the properties of the Quark-Gluon-Plasma (QGP) created in heavy-ion collisions [START_REF]Performance of the ALICE Experiment at the CERN LHC[END_REF].

The ALICE detector consists of two parts: the muon spectrometer and the central barrel as displayed in gure.2.2. In ALICE, particles are reconstructed in their hadronic and semileptonic decay channels in the central barrel and only in their leptonic decay channels in the Muon Spectrometer. The Muon spectrometer is designed to reconstruct hadrons (quarkonia and open heavy avour) in their muonic or semi-muonic channels. It covers a range of pseudo-rapidity -4.0 < η < -2.5, which is equivalent to an angular acceptance from 171 • up to 178 • . It consists of the following sub-detectors, the front absorber, a passive sub-detector installed between the interaction point, and the beginning of the muon spectrometer to absorb hadrons from the interaction point. After the front absorber, we can nd the tracking system composed of 5 stations where each station consists of 2 chamber planes of high granularity. The third station is embedded in a magnetic eld induced by a large dipole magnet. After the last station of the tracking chamber, a 1.2 m thick passive muon-lter wall is installed to protect the trigger chambers installed behind them. Another sub-detector, considered as an absorber, the inner beam shield, is installed to protect the chambers from the background (primary and secondary particles produced from the interaction with the detector at large rapidities). There are two calorimeters: the Electromagnetic Calorimeter (EMCal) and the PHOtons Spectrometer (PHOS) used both for the identi cation of photons and neutral pions.

Smaller detectors are installed at small angles to characterise the global event properties.

In this set, one nds the Zero Degree Calorimeter (ZDC) used to determine the spectators' energy, the Forward Multiplicity Detectors (FMD) used to measure charged particles at small angles, T0 and V0 are both exploited to determine the luminosity and the multiplicity. A COsmic Rays DEtector (ACORDE), an array of scintillators, is installed on the top of the L3 magnet to detect cosmic rays.

Among this collection of sub-detectors in the central barrel, three detectors are essential for the data exploited for the correlation analysis of the current work. Those detectors are the ITS, TPC, and TOF. The properties of each detector are going to be presented in more detail in the upcoming sections.

Inner Tracking System

The ITS consists of 6 cylindrical layers of Silicon Detectors, 2 Pixels (SPD), 2 Strips (SSD) and, 2 Drifts (SDD), as displayed in gure.2.3. All layers cover a pseudo-rapidity |η| < 0.9 but not the rst two where the range is extended to |η| < 1.98 to have continuous coverage of charged particles measurement in combination with the Forward Multiplicity Detector (FMD). • Silicon Pixel Detector (SPD) presents the two innermost layers of the ITS and the closest to the interaction point (IP). The SPD is used to determine the primary vertex position and the impact parameter of secondary tracks. The capability of track density can reach 50 tracks/cm 2 . The inner layer of the SPD is located at 3.9 cm from the beam axis and the outer at 7.6 cm on average. To protect the SDD layers from radiation and heat, the SPD is surrounded by an external shield made of aluminum-coated carbon ber.

• Silicon Drift Detector (SDD) presents the middle layers of the ITS (the third and the fourth layers). The expected density of charged particles is around 7 / cm 2 . The multitrack capability enables the SDD and the ITS, in general, to identify particles through their energy loss dE/dx.

• Silicon Strip Detector (SSD) presents the outer layers in the ITS (the fth and the sixth). They are of great importance to match the tracks passing by the ITS to the TPC. As the SDD, the SSD also contributes to the PID through the dE/dx for low momentum particle identi cation.

The ITS is the principal detector in ALICE used for vertexing and Particle Identi cation 

Time Projection Chamber

The Time Projection Chamber (TPC) is the principal detector dedicated to particle identication and tracking in ALICE. It is a cylindrical detector with a length of 500 cm along the beam direction lled with a mixture of gases Ne(90%)/CO 2 (10%) and included in an active volume of around 90 cm 3 with the inner (outer) radius of 85 cm (250 cm). The layout of the TPC is displayed in gure.2.5. The TPC covers the full azimuth and the pseudo-rapidity range |η| < 0.9 for the full length of the tracks matched between the ITS, TPC and TOF. The pseudo-rapidity can reach |η| = 1.5 when the length of the tracks is reduced. The covered transverse momentum range can vary from 0.1 up to 100 GeV/c. For each particle passing through the gas of the detector, the energy loss (dE/dx), the charge and the momentum are measured. According to the Bethe-Bloch formula, the energy loss can be parametrised by

f (βγ) = P 1 β P 4 P 2 -β P 4 -ln P 3 + 1 (βγ) P 5 , (2.1) 
where β and γ correspond to the particle velocity and the Lorentz factor, respectively. P 1-5 are the t parameters. 

Time-Of-Flight

The TeV .

Chapter conclusion

In this chapter, an overview was given on the large hadron collider, its operating mode, the main experiments, and their detectors, and physics goals. After that, ALICE detectors were described brie y. Then, a detailed description was given on the relevant detectors for D-hadron correlations analyses: ITS, TPC, TOF. Thanks to the ITS, the primary vertices can be reconstructed. The TPC is the principal detector in ALICE used for tracking and particle identi cation. The TOF is also exploited to identify particles.

Chapter 3

Data sample and quality assurance

In this Chapter, the quality assurance of the data sample used for correlation analysis is presented.

Data sample

The data sample exploited for correlation analysis was collected during 2016 and it consists of the periods: LHC16d_pass1, LHC16e_pass1, LHC16g_pass1

The total number of selected events considered in the analysis was 433 Million Minimum Bias events in proton-proton collisions at 13 TeV. In pp collisions, an event is classi ed in the minimum bias category when each of the particles produced within it, has at least one hit either in the SPD or in the VZero. The concerned trigger, in this case, is called the INT7.

Other triggers detectors are also considered but none of them will be taken into account in the analysis of this work. The associated run number to each period from pass1 and the number of selected events are shown in table .A.1 in Appendix.A.

Quality assurance

The Quality Assurance (QA) of the data sample is a crucial step before passing to the analysis since it helps to make sure that we are using the convenient data sample with good performances of all detectors included in the data-taking procedure. For the current correlation analyses, the QA distributions are obtained based on the regular distributions of particles .i.e spectrums of associated tracks and D mesons as a function of di erent observables (p T , η, φ). For the QA of events, the global properties of the events are veri ed (statistics, vertex, multiplicities, ... ). Concerning the QA of tracks, the distributions obtained with the ITS and TPC are presented to study the possible e ects of the detector. With the QA of PID, the shape of the energy loss dE/dx in the TPC and TOF are inspected. The QA gures are obtained for all periods, but only distributions from LHC16k_pass1 are presented since it is the period with the largest statistics.

Event selection

The left panel of gure.3.1 shows the selected number of events after applying the selection criteria on the total number of events for all triggers. The right panel of gure.3.1 is similar to the left one, but it represents the fraction of the selected number of events. The main observation concerns the trigger INT7 which shows the fraction of selected events 0.92 from the total number of events. This means that 8% of the statistics were lost after passing the selection criteria, and it does not seem that it is a large number. The left panel of gure.3.2 presents the number of events as a function of the vertex type.

The type can be either: not found, track, SPD-3D, or SPD-z. For the selected events, the only vertex left should be of the type track which is the case according to the right plot of gure.3.2. Among the common distributions that characterise an event, one can mention the multiplicity. It presents the number of events with a determined number of particles in the event as displayed in gure.3.6. It was obtained for events produced in p-p collisions at 13 TeV.

The distribution shows a normal behaviour where the number of produced particles is low for most events. The number of events gets smaller when a larger number of particles is produced. This leads to the known fact that lower multiplicities are dominant compared to larger multiplicities. 

Tracks

To determine the impact parameter position in rφ direction, four di erent con gurations were considered:

-Re t the trajectory points of the tracks in the ITS layers and requiring one hit in the inner SPD -Re t by requiring one hit in one of the SPD layers (ITS), -Fit the trajectory points in the TPC and requiring one hit in any SPD layers (ITS) -The Filter Bit 4.

The distribution of the impact parameter obtained for these con gurations in the period LHC16k_pass1 is presented in gure.3.7. The distributions are in agreement qualitatively. Otherwise, it is reasonable to have a quantitative di erence between the four distributions since the considered con gurations include di erent (part of) detectors. Consequently, the number of tracks will be modi ed each time, and so does the impact parameter. However, the interpretation remains similar because of the narrow peak and the symmetric behaviour around rφ =0 exhibited for the 4 cases. The best quality of tracks corresponds to the dark green distribution which is the narrowest.

Tracks distributions at the level of the ITS can be inspected. For instance, the number of AOD tracks with N SPD point in the left panel of gure.3.8 and the selected events distributions with N SPD point in the right panel of gure.3.8. One can see that there are AOD tracks with no point in the SPD that disappears in the distribution of selected tracks. This is probably due to the selection criteria where the selected tracks are required to have at least one hit point in one of the SPD layers which is the case according to the resulting distribution of the selected tracks in the right panel of gure.3.8. The one-dimensional distributions for all tracks and daughter tracks as a function of φ and η are presented in gure.3.12 and gure.3.13, respectively.

For the case of "all tracks" (left panel of gure. For η distributions ( gure.3.13), the limited acceptance is due to the acceptance of ALICE detector in the case of all tracks. Whereas, for the daughters tracks, the limited statistics are due to the selection cuts applied to K, π to be in the range |η| < 0.8. 

Particle Identi cation (PID) PID-TPC

Although the QA gures for particle identi cation were obtained by considering only one period (LHC16k_pass1), the large statistics of the latter allowed for the extraction of clear distributions.

Figure .3.14 shows the signal obtained from the TPC which presents the speci c energy loss dE/dx of particles as a function of their momentum. The identi cation of the particles is performed based on the speci c energy loss that is proportional to the particle mass.

This correspondence is included in the Bethe-Bloch formula which is already introduced in chapter.2 (section 2.2.2).

Particle identi cation can be understood in a di erent perspective by obtaining the distributions of sigma as a function of momentum. The exploited sigma, in this case, is the one extracted from the t of the speci c energy loss with the Bethe-Bloche formula. The associated sigma distributions as a function of particle momentum p are presented in gure.3.15

for protons, pions and kaons. protons, pions, kaons, respectively. From these PID gures, one can conclude that the main particles, important in the correlation analysis, can be identi ed. 

Chapter conclusion

With ALICE and thanks to the characteristics of the TPC, TOF, and ITS detectors, it is possible to reconstruct D mesons and other particles, in addition to the ability to detect and identify them. This is feasible in the full range of φ and pseudo-rapidity range |η| < 0.8.

The representative sample of data shown in this chapter is suitable and can be generalised for the other periods.

Chapter 4

Correlation analysis and Results

In this chapter, the analysis strategy applied to obtain the D * + -hadron azimuthal correlation distributions in minimum bias proton-proton collisions at 13 TeV with the ALICE detector at the LHC is described.

Analysis strategy

The applied analysis strategy includes the reconstruction of D * + mesons and charged parti- 

3.

Single and mixing events is the following step where correlation between the reconstructed D * + and the associated tracks is performed. For each correlated pair D meson -charged particle, the di erence in azimuthal angle (φ) and pseudo-rapidity

(η) is calculated, ∆φ = φ assoc -φ trigg (4.1) ∆η = η assoc -η trigg (4.2)
If the correlated pairs are in the same event, the obtained distribution is called "single event". If those pairs are from two di erent events, the obtained distribution is called "mixing event". Both single and mixing events distributions are obtained in the signal region and the sideband region (background) of the D * + candidates. The mixing event distribution is exploited in the correlation analysis to correct for the limited acceptance of the detectors and for the possible inhomogeneities that could exist in these detectors. Carlo sample to get the purity ( to be used as a scale factor) that corresponds to the fraction of primary particles. In this way, the primary charged tracks only are correlated with the D * + mesons.

8. Subtraction of the B feed-down contribution. At this step, we are interested in prompt D * + mesons only .i.e those coming directly from the fragmentation of charm quarks. It is not always the case since a fraction of D mesons can be produced from B-meson decays. To correct for this e ect, we use a Monte Carlo template to obtain the correlation distribution of B → D-hadrons that will be subtracted from the distribution D(inclusive)-hadrons. In the end, the obtained distribution is the azimuthal angular correlations between prompt D * + and primary charged particles.

Analysis results in pp collisions at 13 TeV

In this section, the results obtained using the analysis strategy described brie y above are presented. More details are provided on those steps later. 2. dca is an upper cut applied on the distance of the closest approach between the daughters of the D 0 (Kaons and pions).

3. cosθ * is an upper cut on θ * where θ * is the angle between the D 0 and the Kaon in the rest frame of the D 0 .

4. p T (K) lower cut to be applied on the transverse momentum of the Kaon.

5. p T (π) lower cut to be applied on the transverse momentum of the pion.

6. d 0 (K) The impact parameter of the kaon is the distance of the closest approach between the primary vertex and the decay path of the kaon in the transverse plane (upper cut).

7. d 0 (π) The impact parameter of the pion is the distance of the closest approach between the primary vertex and the decay path of the pion in the transverse plane (upper cut).

8. d 0 (K)xd 0 (π) vectorial product of the impact parameters of the kaon and the pion (upper cut).

9. cosθ point is a lower cut to be applied on θ point , where θ point is the angle between the reconstructed D 0 momentum and the ight line relating between the primary and the secondary vertices (lower cut). 12. p min T (π sof t ) minimum transverse momentum of the soft pion.

13. p max T (π sof t ) maximum transverse momentum of the soft pion.

14. Θ angle between the π sof t and decay plane of the D 0 (lower cut). 

Y D 1 √ 2πσ e (∆M -µ) 2 2σ 2 (4.3) a ∆M -M π × e b(∆M -Mπ) (4.4)
∆M and M π refer to the invariant mass spectra and the pion mass, respectively. The invariant mass spectra are tted using the sum of the signal and background func- ). The values of the t parameters are of great importance, specifically, the number of triggers and the scale factor that will be used at later steps for the normalisation and for scaling the background to the signal, respectively. 

Tracks reconstruction

The associated tracks (charged particles) in these analyses include mostly protons, kaons, pions, and electrons. Some selection criteria are also required, and they are summarised in 

Single events and mixed events distributions

The goal of this step is to obtain the single events and mixing events distributions. Mixing events is a technique used in correlation analysis to correct for the existing inhomogeneities and the limited acceptance in the detector. Single events distribution is obtained by combining, in the same event, a D * + candidate with a charged track. For each D-hadron pair, the di erences of the azimuthal angle and pseudo-rapidity are calculated (∆η = η Dη h and ∆φ = φ Dφ h ) and this results in a 2-dimensional distribution (as a function of ∆η and ∆φ). Two cases are distinguished, the D * + candidates are considered either in the signal region or the sideband region. This way, two distributions are obtained for single events, one in the signal region and the other one in the sideband region. Mixing events distributions are also obtained in the signal region and sideband region. We end up with four distributions: single events and mixing events; for each of them, there is a correspondent distribution in the signal and sideband regions. Furthermore, those four distributions are obtained for the three considered p T ranges [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF], [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF], and [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c as presented in gure.4.7, gure.4.8 and gure.4.9, respectively where the e ciency is already taken into account.

In each gure, the top row corresponds to the distributions in the signal region and the bottom one to those in the sideband region. The left column presents the single event distribution, the middle column presents the mixing events, and the right column displays the corrected single event distribution. 

Corrected single events

At this step, the obtained single events C(∆φ, ∆η) in the signal region and sideband region are corrected using the normalised mixing event distributions M E(∆φ, ∆η) in each p T range. This correction can be expressed by,

C corr peak (∆φ, ∆η) = C(∆φ, ∆η) < M E(∆φ, ∆η) > peak , (4.5) 
C corr sideband (∆φ, ∆η) = C(∆φ, ∆η) < M E(∆φ, ∆η) > sideband (4.6) < M E(∆φ, ∆η) > is de ned by, < M E(∆φ, ∆η) >= M E(∆φ, ∆η) M E(0, 0) M ixed Events (4.7)
In the old analysis procedure [START_REF] Lehas | Azimuthal angular correlations of D mesons with charged particles in pp collisions at √ s = 7 TeV and p-Pb collisions at √ s N N = 5.02[END_REF] [96] [START_REF] Bjelogrlic | Azimuthal angular correlations of D mesons and charged particles with the ALICE detector at the LHC[END_REF] [98], this step is performed in the integrated pool of events. A pool is a concept referring to the number of events as a function of multiplicity and Z vtx . In the recent procedure applied in this thesis, the integrated pool is divided into 9 pools by considering the multiplicity limits 0, 20, 35, 200 and Z vtx limits -10, -2.5, 2.5, 10. Both single events and mixed events are obtained in each pool as well as the corrected single events distributions (correction pool-by-pool). An example distribution is presented for pool number 5 obtained in p-p collisions at 13 TeV for the ranges [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c, [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c, [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c in the right columns of gure. 

Projection on ∆φ

The lack of statistics does not allow for a 2-dimensional study of correlations because of that this step is not optional. The distributions obtained in the previous step (corrected single event) are projected along ∆φ. For each p T range, the ∆φ correlation distribution in the sideband region is scaled to the one obtained in the signal region using the scale factor de ned by:

peak Background(∆M ) According to these curves, one can notice that the distribution of correlations with D * + candidates in the sideband region (red points) is higher in comparison to the one with D * + in the signal region (blue points). This is reasonable since the number of correlated pairs in the sideband region is larger than the number of pairs in the signal region. In addition, the distribution in the sideband region is not yet scaled to the one in the signal region. After scaling, it is possible to perform the background subtraction to get the nal correlations (black points). 

Sideband Background(∆M ) = B peak B sideband ( 

Background subtraction

After the background is scaled to the signal, the subtraction can be performed to obtain the normalised angular correlation distribution C N orm (∆φ, ∆η). This is expressed by, Concerning the distributions in one dimension (only as function of ∆φ), the obtained correlations are normalised to the number of triggers S peak (see eq. ), both peaks are visible and their magnitude gets smaller in the range 0.3 < p T (h) < 1

C N orm (∆φ, ∆η) = 1 S peak C(∆φ, ∆η) < M E(∆φ, ∆η) > peak - B peak B sideband C(∆φ, ∆η) < M E(∆φ, ∆η) > sideband (4.
GeV/c but they become clearer in the range p T > 1 GeV/c . The same can be deduced at high p T ( [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c).

Correction for the Purity

So far, the angular-correlation distributions are contaminated with the secondary tracks .i.e D * + mesons are correlated with charged tracks whether they are primary or secondary.

The primary particles come directly from the primary vertex. While secondary particles are coming from the decay of primaries (secondary vertices). We are interested in the correlations of D * + with primary tracks only. Consequently, the secondary track contamination has to be removed by weighting the distribution of correlations with the purity,

Cinclusive (∆φ, ∆η) = Purity × C N orm (∆φ, ∆η) (4.10)
The purity is de ned by :

P urity = DCA cut XY 0 f prim (DCA XY )dDCA XY DCA cut XY 0 [f prim (DCA XY ) + f sec (DCA XY )]dDCA XY (4.11) 
DCA cut XY is the distance of the closest approach in the XY plane. It is a lower cut with the value 0.25 cm that is applied on the associated tracks. f prim (DCA XY ) and f sec (DCA XY ) present the distributions of primary and secondary charged particles extracted using Monte Carlo simulations as a function of DCA XY .

In the old analysis strategy adopted for the data collected in p-p collisions at 7 TeV, only one value of the purity was extracted for each p T range of D meson to scale the distributions. In 

B feed-down subtraction

The last step in this analysis strategy is the correction for the beauty feed-down. Charged -hardons correlations which will be subtracted from the latest corrected distribution of correlation, as expressed by,

C promptD (∆φ) = 1 f prompt Cinclusive (∆φ) -(1 -f prompt ) CMCtempl f eed-down (∆φ) , (4.12)
Cinclusive (∆φ) is the D * + -h correlation distribution obtained in the previous step.

CMCtempl

f eed-down (∆φ) is the Monte Carlo template (B → D * + -hadron correlations). f prompt is the fraction of D * + coming from the fragmentation of charm quarks only and it is de ned by : Based on these observations, one can deduce that charm quarks are produced mainly via the process called gluon splitting where the charm quarks are created initially in the same direction, and that should lead to a small angle di erence between the created pairs and the accompanied produced jets of particles. This is the case according to the previous observations on the obtained azimuthal correlation distributions. This process is expected to be important at energies of the order of TeV (at the centre of mass system) at the LHC. • E ciency of tracks. To determine the uncertainty, a variation was made on; the minimum number of the ITS clusters, the requirement on the ITS re t, the minimum number of crossed rows in the TPC, and the minimum ratio crossed rows over the ndable TPC clusters.

f prompt = 1 + (Acc × ) f eeddownD * + (Acc × ) promptD * + dσ dp T f eeddownD * + | |y| < 0.5 dσ dp T promptD * + | |y| < 0.5 , ( 4 
(rad) ϕ ∆ 1 - 0 1 2 3 4 
• Contamination of secondary particles. It is also the uncertainty on the purity. It is a ected by the choice of the DCA xy (1 cm in the current analysis). The analysis strategy is repeated by considering di erent values of DCA xy : 0.1 cm, 0.25 cm, 0.5 cm, 2.4 cm, 999 cm (no DCA cut).

• B feed-down subtraction The correction exploited the central value of f prompt and a generated template with PYTHIA6 tune Perugia2011. To estimate the correspondent uncertainty, other templates were generated with PYTHIA6 tune 2010 and PYTHIA8.

For f prompt , the minimum/maximum values are considered. The computed ratios and their t are presented in gure.4.20 for the 3 p T intervals of D mesons [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c, [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c, [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c and displayed in the top, middle and bottom rows, respectively and for the p T ranges of associated tracks p T > 0.3 GeV/c, 0.3 < p T < 1 GeV/c, p T > 1 GeV/c presented in the left, middle and right columns, respectively. Only some speci c sources were considered for the matter of performance and accessibility to some required tools. In the following, some of the results of the average correlations (from PWG-HFCJ) are presented and discussed. those obtained with FONLL [START_REF] Cacciari | The p T spectrum in heavy-avour hadroproduction[END_REF]. As for PYTHIA8 simulations, several improvements were implemented concerning the multiparton interactions and colour reconnection treatment [START_REF]Measurement of azimuthal correlations of D mesons with charged particles in pp collisions at √ s = 7 TeV and p-Pb collisions at √ s N N = 5.02 TeV[END_REF]. PYTHIA8 will be discussed in more detail in Chapter.5.

There is a good agreement between the experimental distributions and the models within uncertainties. A disagreement appears at small angles, and it is clear at larger angles around ∆φ = π where PYTHIA6 (Perugia0 and 2010) underestimates the experimental distributions in the three p T ranges of D mesons and for the associated tracks p T range p T > 1

GeV/c. Less discrepancy is observed for the range 0.3 < p T < 1 GeV/c. The MC simulations reproduce the data qualitatively which is promising despite the discrepancies at small/large angles. So, event generators like PYTHIA (or combined with POWHEG) have succeeded so far to reproduce the general behaviour of data but several points need to be understood from the theory side to include new aspects properly in the event generators. In PYTHIA, for example, a real event can not be generated due to the lack of the full treatment of particle production in the NLO. This is why a combination with another package such as POWHEG is necessary. The integration of such aspects has a decisive impact on the predictions of correlations at small angles where physics is expected to be important at LHC energies.

Another example concerning EPOS, when it is combined with MC@sHQ, the NLO is taken into account whereas particles at the excitation state like D * + are not implemented. The main physics aspects of PYTHIA will be presented in general in Chapter.5 and those related to EPOS in Chapter.6.

From the distributions of correlations, several observables can be extracted by tting the distributions using the function,

f (∆φ) = b + A N S 2πσ f it,N S e - (∆φ) 2 2σ 2 f it,N S + A AS 2πσ f it,AS e - (∆φ-π) 2 2σ 2 f it,AS (4.14) 
where b is a xed term, and it presents the baseline that is extracted rst and then xed for the rest of the procedure. The 2 peaks are tted using 2 Gaussians with the means 0 and π indicating the positions of the near-side and the away-side peaks, respectively. For each Gaussian, the width of the peak σ f it,N S/AS is extracted. Finally, a factor multiplied by each gaussian (A N S and A AS ) corresponds to the associated yield. These observables are displayed in gure. Concerning the associated yield displayed in the top row, one can observe a qualitative and quantitative agreement between experiment and simulations within uncertainties except for the range [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c where all simulations except PYTHIA6 + POWHEG underestimate the data. Otherwise, the behaviour in both data and simulation is similar: the associated yield increases with the transverse momentum of D mesons.

Concerning the baseline presented in the bottom row, data and simulations agree within uncertainties except for PYTHIA6 (Perugia0) which underestimates the data. As discussed previously, the baseline for the three p T ranges of D mesons is constant for each p T range of associated tracks, and the larger the p T of the associated tracks, the lower the baseline.

For the width of the near-side peak, both data and simulation do not show an explicit agreement, particularly in the p T range of associated tracks 0.3 < p T < 1 GeV/c. While for the other ranges, the trend is not clear in the data. For simulations, one can notice that the width of the near-side peak is getting narrower at larger p T (D) which seems to be the trend if only low and intermediate p T of D mesons are considered in the data. More comparisons data versus simulations will be presented in Chapter.6.

The other interesting comparison is the one involving the correlations obtained in pp collisions at 7 TeV. From the previous correlation distributions, the associated yield and the width of the nearside peak are extracted and presented in gure.4.26 in the top and bottom rows, respectively.

The same trend in associated yield is observed for pp and p-Pb. The yield in both cases increases with the transverse momentum of D mesons. As for the width, the trend evolution is not clear and more statistics are probably needed to get a rm conclusion. 

D * + -charged particles angular-correlations in pp collisions at 8 TeV

Before the 13 TeV data was available, some time was devoted to analyse the data collected in the pp collisions at 8 TeV where the EMCal trigger was part of the functional detectors during this period. The analyses presented in this part, adopted the strategy used at that time (2015) which is similar to the one applied for the 7 TeV data.

The procedure includes the steps from the reconstruction of D * + mesons and tracks to the nal correlations without any correction for the e ciency, purity, and B feed-down. This is due to the fact that these analyses were not anymore a focus or a priority by the P hysics W orking Group -Heavy F lavour (PWG-HF) after the availability of the 13

TeV data. In addition, the trigger bias .i.e the e ects caused by the EMCal (for example, on the mixed events) were not clear and needed some dedicated studies. Finally, the statistics collected with the EMCal trigger were not enough to carry on with these analyses.

Starting from the invariant mass spectra, the D * + mesons were reconstructed in the channel D * + → D 0 π + → K -π + π + as it was done for the 5, 7 and 13 TeV. The spectra were obtained for a transverse momentum up to 36 GeV/c. That was an attempt to extend the p T range beyond 16 GeV/c with respect to the considered one at that time in pp at 7 TeV.

This interval was divided into the following p T bins : [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Thomson | Modern particle physics[END_REF], [START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF], [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF], [START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF], [START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF], [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF], [START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF], [START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF], [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Ban | Accurate QCD predictions for heavy-quark jets at the Tevatron and LHC[END_REF], [START_REF] Ban | Accurate QCD predictions for heavy-quark jets at the Tevatron and LHC[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c, as presented in gure.4.27. By merging the 10 p T bins, the invariant mass spectra can be reorganised into the 4 transverse momentum ranges : low [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c, intermediate [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c and high p T [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c, [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c as presented in gure.4.28. In fact, from these distributions, it is clear that the D * + mesons can be reconstructed in a p T range going from 3 up to 36 GeV/c. [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (top right), [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (bottom left), [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c (bottom right).

The following step consists to correlate the D * + mesons and the associated charged tracks after passing some selection criteria. This results in distributions where the correlated pairs can be in the same event (Single Events) or from di erent events (Mixed Events) for both signal region and sideband region of the D * + invariant mass spectra and for each p T range.

The accomplishment of these steps leads to the 4 distributions presented in gure.4.29, gure.4.30, gure.4.31 and gure.4.32 for the p T ranges [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c, [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c, [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c, [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c, respectively. Having such criteria on the transverse momentum, pseudo-rapidity, and azimuthal angle will probably give di erent distributions in addition to the impact on the reconstruction of particles requiring electrons and photons in their decay channels. Consequently, the mixing events are expected to be di erent as well. According to the mixing event distribution, what is favoured the most are the jets of particles created in the same direction and match the EMCal acceptance which is limited in the azimuthal and longitudinal plane, and that's why a peak is observed in the mixing event distributions. These features can be reproduced via a Monte Carlo Toy by generating the φ, ∆φ, η, ∆η distributions randomly. The distributions are constrained by the EMCal trigger acceptance .i.e thresholds on the transverse momentum of electrons and photons, the azimuthal angle, and pseudo-rapidity. The resulted distributions in one dimension are presented for the ranges [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF], [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF], and [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c in gure. This feature shows that the produced jets of particles are privileged, even if they are from di erent events and collected within the EMCal trigger acceptance. [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (left), [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (middle), [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (right).

To Verify this interpretation, the bias due to the EMCal trigger can be studied in a di erent perspective by modifying the task AliAnalysisTaskDStarCorrelations. The code is modi ed (but not committed) to consider the electrons and photons with p T > 5 GeV/c. The other particles are detected via the EMCal within a pseudo-rapidity range -0.7 < η < 0.7 and an azimuthal angle in the range 80 • < φ < 180 • . After that, the usual analysis procedure is applied. The resulting single events and mixed events in the three p T ranges in the signal region are presented in gure. Carlo samples (LHC10f6a and LHC10d) is performed to deal with more statistics.

According to the distributions in the top row of gure.4.41, the behaviour of the fraction f c in minimum bias is the expected one. As for the resulting one for the EMCal case, the bias is more important at low p T . This is a piece of reliable evidence in the case of the summed samples where more statistics are exploited. Down to 15 GeV/c, it is clear that there is an agreement between the fraction obtained in the minimum bias and EMCal trigger. The previous part was a short parenthesis to discuss the impact of the EMCal trigger presence on the collected data and consequently on the di erent observables/distributions such as the mixing event distributions, the p T spectrums, and the fraction of the charm quarks.

After obtaining the mixing and single events, the corrected single events can be extracted in both signal region and sideband region in the four considered p T bins. Each resulting 2dimensional corrected single event distribution is projected along ∆φ-axis, and the obtained one-dimensional distributions are presented in gure.4.43. The correlation distributions in the signal region are presented by the blue points and in the sideband region by red points.

The distributions are shown for the 4 p T ranges: [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (top left), [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (top right), [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (bottom left), [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c (bottom right). F 4.43: Correlation distributions in the signal region (blue points) and the sideband region (red points) projected on ∆φ-axis in the p T ranges : [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (top left), [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (top right), [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (bottom left), [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c (bottom right) obtained in pp collisions at 8 TeV.

Finally, the correlations in the sideband region are subtracted from those in the signal region to get the distributions presented in gure.4.44 also in the 4 p T regions [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (top left), [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (top right), [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (bottom left), [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c (bottom right). So far, the results are promising. However, they are not fully corrected due to some missing ingredients at the time of the performance of the analyses and because of the reasons mentioned at the beginning of this section.

Concerning the normalised angular-correlation distributions, it is not straightforward to deduce a conclusion from the low p T distributions because of the dominance of uctuations.

At intermediate p T [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c, the near-side, and the away side peaks are visible, and the same can be stated for the range [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c although they are not large in magnitude.

For the interval [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c, the magnitude of both peaks is large enough, and that gives better visibility to the distribution in that p T range.

The baseline that represents the underlying events is around 3 (on average). This value was already inferred for correlation distributions in p-p collisions at 7 and 13 TeV. As concluded from the analyses for the preceding energies, the baseline is dependent on the p T range of the associated tracks, and here we are dealing with the integrated one p T (h) > 0.3 GeV/c. The baseline will be lower if a subrange of p T (h) is considered. F 4.44: Normalised correlation distributions projected on ∆φ-axis after background subtraction in the p T ranges : [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (top left), [START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (top right), [START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (bottom left), [START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF][START_REF] Lewis | Review of Physics Results from the TEVATRON : Heavy Flavour Physics[END_REF] GeV/c (bottom right) obtained in pp collisions at 8 TeV.

Chapter conclusion

In this chapter, the adopted strategy to analyse the collected data in pp collisions Chapter 5

PYTHIA event generator

In this chapter, the PYTHIA event generator is introduced through the main theoretical principles on which it is based. Next, the correlation results obtained using this event generator are presented.

Introduction

PYTHIA is an event generator that exploits Monte Carlo methods. It is based on several physics models from theory and phenomenology to study high-energy collisions. Those collisions are evolving from a few-body hard process to a complex multi-hadronic nal state. The colliding beams are limited by a set of particle species which can be protons (p, p), neutrons (n, n), pions (π + , π -, π 0 ), electrons (e -, e + ) and muons (µ -, µ + ) to study the systems hadron-hadron or lepton-lepton collisions. The energy in the centre of mass system should be larger than 10 GeV and smaller than 100 TeV. In this thesis, PYTHIA is used as a standalone event generator to study correlations in pp collisions at RHIC energies ( 200GeV) and LHC energies (7 TeV). The version 8.226 (written in C++) including the default tune M onash 2013 was used in the current work [START_REF] Skands | Tuning PYTHIA 8.1: the Monash 2013 Tune[END_REF].

PYTHIA, like any event generator, passes by 3 levels to simulate the hadronic collisions:

process level, parton level and hadron level.

• in the Process level, the nature of the event is speci ed, and it can be -Sof t QCD: it includes the elastic and inelastic processes. The latter can be either a (single, double, central) di ractive or non-di ractive.

-M inimum Bias : it is a process in experiments that refers to accepting all detected particles and it is equivalent to inelastic non-di ractive events.

-Hard QCD : includes the necessary processes for jet production above some p T thresholds. Among the main processes, one can mention the following scatterings gg → gg, gg → q q, qg → qg, qg → qg, qq → qq, q q → q q.

• at the Parton level, the subsequent processes will take place. For example, one can mention initial and nal state radiation, multiple interactions and beam remnants.

• at the Hadron level, the Lund string model of hadronisation is applied to generate the nal state particles that are supposed to be detected by experiments.

From the technical side, the procedure can be described by:

• Initialisation by setting the initial conditions.

• Event generation according to the initial conditions.

• Finishing by getting statistics information on all generated particles.

In this procedure, one can access information from di erent levels. It may concern the partons, the nal hadrons or their kinematical variables.

Basics and physics features

In Monte Carlo event generators, the evolution of a collision/event takes place according to a determined procedure, as summarised brie y in the following [START_REF] Sjöstrand | Monte Carlo Tools[END_REF]:

• A collision occurs between two hadrons (bags of partons). As a result, it takes place between partons with di erent chosen processes.

• Colour and electromagnetic charges are accelerated due to the collision. Consequently, incoming partons can emit Bremsstrahlung/Gluonstrahlung radiations .i.e Initial-State Radiation (ISR) which is classi ed as a space-like parton shower.

• Outgoing partons also can emit radiations or what is called Final-State Radiation (FSR), and it is classi ed as a time-like shower.

• The colliding hadrons are a bunch of incoming partons. Consequently, several collisions between partons can occur. This aspect led to the introduction of the term Multiparton Interactions (MPI).

• The partons do not acquire the whole energy, and the biggest fraction remains in the beam remnants that are colourful due to the colour conservation principle.

• When the colourful partons and beam remnants move away from each other, connement forces become important. It was suggested that, between each colour and its anti-colour, a con nement eld is created and can be broken when a pair of quarkantiquark is produced. An (anti)quark can combine with another (anti)quark from an adjacent break to form a hadron (Hadronisation).

• The generated hadrons can be either long-lived enough to be detected or unstable to decay shortly after their production. At this stage only, event generators are dealing with experimental observables.

The partonic cross-section is a combination of the phase space with the matrix elements derived from Feynman rules using the Lagrangian of the concerned theory. For example, one can consider from QCD the simple scattering u(1)d(2) → u(3)d( 4) where quarks exchange a gluon. The total cross-section is obtained by convoluting the partonic cross-section with the constituents of the incoming hadrons. This is expressed by the equation,

σ = i,j dx 1 dx 2 d t f (A) i (x 1 , Q 2 ) f (B) j (x 2 , Q 2 ) dσ ij d t (5.1)
A and B represent the incoming hadrons. The indices i and j refer to the partons in the hadrons A and B.

dσ ij d t is the partonic cross section where t is a Mandelstam variable de ned by t = (p 1p 3 ) 2 . x 1 and x 2 are the momentum fractions, de ned respectively as

E i /E A and E j /E B . f (A) i (x 1 , Q 2 ) and f (B) j (x 2 , Q 2 ) are the

parton distribution function (PDF).

There are 16 Partonic Distribution Functions (PDF) integrated within PYTHIA8. At the Leading Order (LO), the default PDF exploited in the current work for proton is the CTEQ5L.

It involves the strong coupling constant α s (M Z ) = 0.127. The evolution as a function of

x and Q covers the ranges 10 -6 < x < 1 and 1.1 GeV < Q < 10 TeV, respectively. Some other external parton distribution functions can be used as well.

Parton showers (ISR/FSR)

Parton showers in QCD can take place according to three di erent patterns: q → qg, g→ gg, g → q q which can contribute to both Initial State Radiation (ISR) and Final State Radiation (FSR). In PYTHIA, the algorithms of ISR and FSR are based on the principle of p T -ordered evolution, and that was already implemented for PYTHIA 6.3. This sequence is not only interleaved with the initial state radiation evolution and multiple interactions (MPI), but with the Final state radiation evolution as well. In this approach, the process of the interaction is split from a complex 2 → n process with a large number of nal states into a simple process 2 → 2 + successive radiations in the initial/ nal states (ISR/FSR) as presented in gure.5.1 where the incoming partons radiate harder gluons and outgoing partons radiate softer gluons. This can be expressed di erently using the parameter

Q 2 ∼ |p 2 | = |E 2 -p 2 |.
The incoming partons (ISR) are generated with the virtualities Q 2 < 0 and the term "spacelike shower" is attributed. The outgoing partons (FSR) are generated with the virtualities Q 2 > 0 and the term "time-like shower" is used in this case. The evolution of the partonic shower is based on the standard LO DGLAP splitting kernel in QCD. It can be presented for three patterns by the following equations:

P q→qg (z) = C F 1 + z 2 1 -z (5.
2)

P g→gg (z) = C A (1 -z(1 -z)) 2 z(1 -z) (5.
3)

P g→q q(z) = T R (z 2 + (1 -z) 2 ) (5.4)
where z is the fraction of the shared energy between the daughter partons, C

F = 4 3 , C A = N C =3, T R = 1 2 .
The evolution of the shower, in the nal states (FSR), is presented by the DGLAP equation,

dP a→bc = α s 2π dQ 2 Q 2 P a→bc (z) dz exp   - b,c Q 2 max Q 2 dQ 2 Q 2 α s 2π P a→bc (z ) dz   , (5.5)
The exponent is the Sudakov form factor [START_REF] Sudakov | Vertex Parts at Very High Energies in Quantum Electrodynamics[END_REF] which was introduced to conserve the total probability to deal with the cancellation between real and virtual divergences. Brie y, the Sudakov factor is an approximation representing the complete virtual corrections from loop graphs. For initial state radiation (ISR), the evolution of the shower according to the DGLAP equation is expressed by,

df b (x, Q 2 ) d(lnQ 2 ) = a 1 x dz z f a (x , Q 2 ) α s 2π P a→bc z = x x (5.6)
Equation.5.6 indicates the branching probability of a parton a to bc for an exchange dQ 2 , in other word, it illustrates how the distribution will evolve for di erent possible branchings a to bc.

For FSR, the outgoing partons kicked by the hard process form a cascade toward the mass shell with large timelike virtualities. As for ISR, it starts with a simple proton, so the closer we get to the hard interaction the larger the spacelike virtualities are.

The evolution of the ISR and FSR parton showers is expressed by the di erential branching probability per unit evolution time:

dP F SR dp 2 ⊥ = 1 p 2 ⊥ dz α s 2π P (z) (5.7) dP ISR dp 2 ⊥ = 1 p 2 ⊥ dz α s 2π P (z) f (x/z, p 2 ⊥ ) zf (x, p 2 ⊥ ) (5.8)
where z = x/x with x < x for ISR and p 2 ⊥ is the PYTHIA transverse-momentum evolution variable, de ned by:

p 2 ⊥ = p 2 ⊥evol = (1 -z) Q 2 : ISR z(1 -z) Q 2 : F SR (5.9)
FSR are characterised by time-like virtualities (p 2 > 0) while ISR are characterised by spacelike virtualities (p 2 < 0)

Multi-Parton Interactions (MPI)

The Multi-Parton Interaction (MPI) is the consequence of the hadron constitution. It has been proven that this process is involved in small systems like pp collisions or systems such as p-Pb and Pb-Pb through di erent studies. For what concerns the heavy-avour sector, the multiplicity dependence of the average transverse momentum and heavy-avour hadron yield was studied in [START_REF] Corke | Multiple Interactions in PYTHIA[END_REF] [104] [START_REF]Measurement of charm and beauty production at central rapidity versus charged-particle multiplicity in proton-proton collisions at √ s = 7 TeV[END_REF]. It was inferred that the multiplicity is proportional to multiple Parton Interactions that was, indeed, dependent on the increased yield of D mesons with the multiplicity. The multiplicity itself increases with the hardness of the scatterings (.i.e high p T ). The regularised parton-parton cross-section, is expressed by the equation:

dσ 2→2 dp 2 ⊥ ∝ α 2 s (p 2 ⊥ ) p 4 ⊥ → α 2 s (p 2 ⊥ + p 2 ⊥0 ) (p 2 ⊥ + p 2 ⊥0 ) 2
(5.10)

to avoid the divergence due to the p ⊥ → 0 limit (low momentum transfer) which is the case for low-x partons accessible at high energies √ s. This cross-section depends on three parameters: the e ective p ⊥0 which is a free parameter of the model, α s (M Z ) (a dampening scale around 2 GeV) and the PDF that de nes the parton luminosity in the MPI. The typical average number of interactions per event is around 2-3 at the Tevatron and 4-5 at the LHC.

The probability for the MPI i to take place is expressed by the equation,

dP M P I dp ⊥ = 1 σ N D dσ 2→2 dp ⊥ exp(- p ⊥i-1 p ⊥ 1 σ N D dσ 2→2 dp ⊥ dp ⊥ ) (5.11)
In PYTHIA, the number of MPI depends on the impact parameter .i.e the average number of MPI is large when collisions are more central [START_REF] Corke | Multiple Interactions in PYTHIA[END_REF].

By combining all ingredients (ISR, FSR, MPI), The master evolution equation of PYTHIA 8 can be expressed by,

dP dp ⊥ = ( dP M P I dp ⊥ + dP ISR dp ⊥ + dP F SR dp ⊥ )
× exp(-

p ⊥i-1 p ⊥ ( dP M P I dp ⊥ + dP ISR dp ⊥ + dP F SR dp ⊥ )dp ⊥ )
(5.12)

Color Reconnection (CR)

The Colour Reconnection (CR) mechanism is the interaction and interference between the decay products of any quark (chromoelectric elds) during hadronisation. The contribution of such a mechanism is expected at a high rate, especially at the LHC, due to the presence of a large number of coloured partons combined through MPI, Parton Showers (PS) and Beam Remnants (BR). This mechanism was introduced the rst time to explain the increase of < p T > as a function of n ch in UA1 [106] [107]. This is because the rising trend with multiplicity is not p T dependent but MPI dependent instead [START_REF] Velasquez | Color reconnection and ow-like patterns in pp collisions[END_REF]. Studies such as [START_REF] Rodriguez | Sensitivity studies of colour reconnection in top UE measurements[END_REF] have proven the sensitivity of underlying events to colour reconnection. The common scenario for colour reconnection suggests a probability of colour inter-arrangement (colour ow of di erent MPI's) between the partons of two sub-scatterings in such a way that the total string length (λ) is reduced. λ can be de ned as,

λ ≈ i,j ln m 2 ij m 2 0 , (5.13) 
m 0 (≈ 1 GeV/c) is a reference scale (of the order of hadronic mass). i, j are indices running over all parton pairs which are colour-string-connected.

The transverse velocity of the string piece is transferred to the particles produced from it.

The favoured reduced string length that refers to longer timescales is the consequence of closer endpoint partons. As a result, the string pieces will have high transverse velocity.

Beam Remnants (BR)

After MPI (with colours contribution) took place due to the collisions of several incoming hadrons, as compensation, they leave behind a complicated structure manifested by the Beam Remnants (BR). BR consist of any remaining valence content in the incoming
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hadrons where they will be carrying the remaining fraction of the longitudinal momentum.

In PYTHIA, the default model that describes the beam remnant is based on the principle that gluons are attached to colour lines in such a way that the total colour charge of the remnant is reduced. Whereas for the x values of BR, valence contents are chosen to be harder (large carried momentum) [START_REF] Corke | Multiple Interactions in PYTHIA[END_REF] [106].

Hadronisation

The Lund String Fragmentation framework [110] [111] is the adopted approach for hadronization processes in PYTHIA. Hadronization is a mechanism where coloured partons become a bounded state of partons and transform into colourless particles (hadrons). Hadronization is based on the linear con nement picture .i.e the larger the distance between the charge and the anti-charge in a colour dipole eld, the higher is the stored energy (linear increase).

The production of q q pair is a good example where this mechanism can take place. The tension in the string between q and q increases when the pairs move away from each other. If the tension is large enough, a new pair can be created in between. This results in 4 quarks q q and q q and so on. The previous process will be repeated till the string mass is not enough to create new pair, consequently, the last pairs will be transformed into hadrons in this evolution chain [START_REF] Sjöstrand | Monte Carlo Tools[END_REF] [112] [START_REF] Sjöstrand | A brief introduction to PYTHIA[END_REF] [113] [START_REF] Siódomok | LHC event generation with general-purpose Monte Carlo tools[END_REF].

Heavy avours in PYTHIA

In PYTHIA, heavy-avours are treated perturbatively concerning their production and in a non-perturbative way to deal with their hadronisation. By considering QCD processes in hadron-hadron collisions, the parton shower evolution (2 → n) is subdivided into three stages as already explained, the initial state radiation followed by the hard scattering subprocess then the nal state radiation. The hard sub-process is represented by a scattering 2 → 2 and characterised by the shortest distance (the largest virtualities in the whole process of evolution).

The same procedure is applicable for heavy-avours at the level of the hard sub-process where they can be produced,

• at the leading-order LO O(α 2 s ) through avour creation : q q annihilation (q q → Q Q) and gluon fusion (gg → Q Q). This mechanism is included by default when PYTHIA8 is used as a standalone event generator. The correspondent Feynman diagrams are shown in gure.5.2 as an illustration. Flavour creation through the annihilation of q q pair [START_REF] Norrbin | Production and Hadronization of Heavy Quarks[END_REF].

• at the next-to-leading-order NLO O(α 3 s ) through avour excitation (Qq(g) → Qq(g)) where the heavy quark Q from a beam is put on-shell to interact with a parton (q,g) from the other beam. The other process is the gluon splitting (g → Q Q) where gluon can branch either in the initial-state or in the nal-state in such a way that it does not contribute to the hard sub-process. A radiative correction can be added to the pair creation process through gluon emission (gg → Q Qg) which is allowed in the parton shower to compensate for the recoil due to the back-to-back production of the heavy-avour pair (see gure.5.3). (f) Gluon splitting (initial-state) [START_REF] Norrbin | Production and Hadronization of Heavy Quarks[END_REF].

In addition to PYTHIA8 and in order to exploit the NLO, one needs to add merging of the Matrix Element / Parton Shower (ME / PS) using, for instance, POWHEG-BOX event generator that is an option among several others so that the NLO processes can be considered which is beyond the time and the resources allowed to nish this thesis.

In addition to the previous production mechanisms, heavy avours can be produced from other sources, such as the decays of resonances (Z, W, H).

At lower energies in the centre of mass frame √ s, the production cross-section of heavyavours via pair creation is the most dominant and followed by avour excitation and gluon splitting. At higher energies, the contribution of pair creation decreases and the gluon splitting becomes the dominant one. This is due to the fact that the number of branchings increases with energy which is the case for gluon splitting. This mechanism becomes dominant in comparison to pair creation that remains a process 2 → 2 scattering whatever the energy √ s. Concerning avour excitation, the number of branchings is more restrictive at higher energies. At lower energies, kinematical requirements are less, and the mechanism (FEX) becomes dominant compared to gluon splitting in this case.

For heavy avour hadronization, the string is a very important entity in the process. It satis es the Lorentz-invariance principle applied on a linear con nement potential with a tension of 1 GeV/c. In this model, the con nement of partons inside the hadrons is ensured by the string that spans between the outgoing partons. It consists of colour and anti-colour charges on its two ends. The quark can be attached to one string piece, and the gluon can be attached to two of them.

As mentioned earlier and taking advantage of the string properties, the Lund string fragmentation model can describe the non-perturbative hadronization of partons. Accordingly, the process depends pretty much on the invariant mass of the string. Consequently, it will lead to di erent hadronisation scenarios.

• Normal string fragmentation The string invariant mass is large enough as well as its length which results in larger average multiplicities. A continuum of phase-space is assumed as a standard iterative scheme. This approach is only applicable for some cut-o on the mass.

• Cluster decay The continuum assumption is not anymore applicable and from the kinematic side, only two body nal states are reachable. This is due to the fact that the string is produced with a small invariant mass, and it is called a cluster.

• Cluster collapse The invariant mass of the string is too small then it will not decay into two bodies, but it will collapse into one hadron. In this case, a discrete phasespace of hadrons is considered instead of the continuum one [START_REF] Norrbin | Production and Hadronization of Heavy Quarks[END_REF].

Results and discussions

The goal of these analyses is to study heavy-avour correlations B -B and D -D in pp collisions for di erent energies (7 TeV and 200 GeV). For this purpose, the acceleration of two beams of protons is simulated at the energies of 7 TeV and 200 GeV in the centre of mass frame using the event generator PYTHIA8 (version 8.226). Heavy-avour mesons were generated by forcing the production of a heavy avour pair in each event. this process will be referred to as "Forced" for the rest of this chapter. One million is the number of events set in these simulations. to obtain the ∆φ, ∆η, ∆Y, ∆p T distributions. The transverse momentum distributions of these mesons are obtained as well as a check.

D -D/B -B correlations obtained with di erent con gurations

It is important to compare the correlation distributions obtained for di erent con gurations with PYTHIA. Later, one con guration is considered to get the nal results of this chapter.

The physics properties for each of the 3 con gurations are explained in the following:

• HardQCD:all=on where all QCD processes are involved. The most relevant ones in this analysis are those responsible for the production of the pair of charm/bottom quarks through q q annihilation or gluon fusion. However, gluon splitting contributes to the initial and nal-state radiation even if the NLO is not activated.

• Forced. In each event, a pair of heavy avours are forced to be created, so one should have one pair at least in each event. The number of heavy avours will be larger than the natural number.

• Minimum Bias (MB) is the ideal process for comparisons with respect to experimental data. Brie y, this mode is suitable to simulate a realistic experiment where the number of generated particles can be closer to the one measured in experiments or with a similar scale.

Some considerations were taken into account to make the analysis simpler. All decay channels were treated equally, so no decay channel was privileged. In addition, all decay channels of the concerned particles for the analysis were switched o (B and D mesons). This way, the heavy mesons will be identi ed via their PDG numbers.

Correlations were obtained for both D and B mesons at the energies 200 GeV and 7 TeV.

B B correlations in pp collisions at 200 GeV won't be presented since the number of events was not enough to get some conclusions, especially the two con gurations HardQCD and MB that have shown statistical uctuations.

The obtained D D correlations in pp collisions at 200 GeV are presented in gure.5.4. The red curve presents the correlation distributions for the "Forced" case, the green one for "All

HardQCD" processes and the blue one for the Minimum bias (MB) case. For each con guration, the distributions ∆φ, ∆p T , ∆η, ∆Y, p T are presented. According to gure.5.4, the correlation distributions show similar quantitative behaviour for the two cases "MB"

and "HardQCDall". The same behaviour is observed for the "Forced" case, but with a quantitative di erence and a light qualitative di erence, and that does not change the physics interpretation. These features are observed in ∆p T , ∆η, ∆Y, p T distributions but not in ∆φ distribution. Correlations are sensitive observable to the number of created heavy avours and correlated pairs. This is due to the fact that in the "Forced" case, the number of created heavy avour pairs is enhanced compared to the cases MB, HardQCDall which leads to larger distributions in magnitude in the "Forced" case. Otherwise, the physical conclusions and interpretations for the cases should be the same. For this reason and time matter, the con guration "Forced" will be used in these analyses.

B B correlations in pp collisions at 7 TeV are presented in gure.5.5 and D D correlations in pp collisions at 7 TeV are presented in gure.5.6. The same conclusions can be deduced from these gures as well. The di erence with respect to 200 GeV is that correlations distributions at 7 TeV are more disentangled due to the large multiplicities generated at higher energies. Correlation distributions in the "Forced" con gurations have the largest magnitude in comparison to the case of "HardQCDall" which in its turn has a larger magnitude than the case of "MB". First, an observed enhancement of the correlation distributions around ∆φ = π, shows that B mesons are mainly produced back-to-back in pp collisions at 200 GeV whatever the considered range of transverse momentum. Secondly, one can see that the dominant distributions are those with the low p T range. However, correlations get stronger at high transverse momentum. The distributions for high p T B mesons are less broadened in comparison to those at low p T . From this observation, one can deduce that at high p T , the generated bottom quark pairs through avour creation becomes important compared to those generated via the NLO processes (Flavour Excitation and Gluon Splitting). The opposite is observed for low T pairs where events with NLO processes are not negligible.

An interpretation can be given based on either processes or the number of created pairs and their transverse momentum as presented in the p T distribution in the bottom panel of gure.5.7. From one side, it is clear that there are more produced/generated B mesons at low p T compared to those at high p T which con rms the deduction from the ∆φ distributions.

On the other side, avour creation is a re ection to the Leading Order QCD calculations which is supposed to lead to a back-to-back production of heavy avour. This is true, according to the ∆φ distributions, since PYTHIA8 (standalone event generator) is based on LO QCD calculations. As a side note, the transverse momentum spectrum of B/ B mesons (and D/ D) were obtained separately to have a separate visualisation.

In the top right panel of gure.5.7, the ∆p T correlation distribution of B B pair in the integrated p T range is presented. One can notice a prominent peak around ∆φ = 0. This shows that that an important number B-meson pairs is produced with similar transverse momentum whether the pairs are produced in the same direction or with opposite ones.

In the left plot in the middle row of gure.5.7, the ∆η correlation is presented where the cut |η| < 1 was applied. The same for ∆Y correlation presented in the right plot in the middle row of gure.5.7 where the cut |Y | < 1 was applied.

A peak (enhancement) around ∆η = 0 (∆Y = 0) means that B and B pairs are produced either in the same direction (∆φ =0) or in opposite directions (∆φ = π) which is visible and in agreement with respect to the distributions of ∆φ correlations. for a better visualisation and in order to distinguish between the integrated p T and the range [0-10] GeV/c. Similar conclusions can be deduced for D D correlations concerning the ∆φ distributions and the involved processes for this order of energy, as well as their connection with the transverse momentum. The interpretations are not di erent also for the distributions of ∆η and ∆Y. The di erence between the two meson species lies in the p T spectrum. The distribution of B mesons reaches 30 GeV/c, while the one of the D mesons extends up to 20 GeV/c. Either the number of events set in the analysis was not enough, or the number of generated/produced D mesons at energies of the order of 200 GeV is smaller than B mesons. Apart from the di erence in the p T subranges between the two mesons, another di erence is observed in ∆φ distributions. More contribution is observed in B B correlations at ∆φ = 0 with respect to D D correlation distribution. This contribution at smaller angles is relatively larger in pp at 7 TeV than at 200 GeV. This can be interpreted based on the energy scale which is of the order of the TeV where more D/B mesons are generated and this is con rmed according to the p T distributions. Consequently, a larger number of heavy avour pairs is generated per event with similar directions (∆φ = 0). Basically, this is related to the production mechanism called gluon splitting that is expected to be dominant at LHC energies where heavy avours are created with (almost) identical momentum in the same direction. This is not exactly the case in these analyses because PYTHIA is used as a standalone event generator where the LO QCD calculations are the adopted ones. The production of heavy avour at smaller angles at this energy scale is probably coming from the gluon splitting that can take place in the ISR and FSR. For one side, smaller angles is a sensitive region, especially that PYTHIA is used as a standalone event generator. On the other side, the energy scale of the order of the TeV is the most impacted where it is expected to have a di erence compared to energies of the order of the GeV. Still, we stick with PYTHIA as a standalone event generator so that we won't go beyond the plan of the thesis. "On" and "O ". Similarly, ∆η and ∆Y distributions do not exhibit any di erent behaviour between the 2 cases, they show similar distributions, instead. This information can be deducted directly from the computed ratios in the correspondent lower panel. This is not the case for the rest of the distributions. One can see clearly that the ∆p T distribution with ISR/FSR switched "On" is broader than the one with ISR/FSR switched "O ". This feature stems most likely from the small number of correlated pairs because there are less generated mesons due to the absence of parton showers. Otherwise, it is clear that the absence of ISR/FSR leads to the production of more pairs with similar p T which is visible in the peak around ∆p T = 0.

The ∆φ correlation distributions are also di erent between the 2 cases. When ISR/FSR are switched "O ", correlations are more important at larger angles (∆φ = π) and smaller in general for the rest of ∆φ range compared to the case of ISR/FSR switched "On" where the opposite behaviour is observed. These aspects are obviously due to the presence/absence of radiations in the initial and nal states. As a result, ISR/FSR a ect the number of produced pairs becayse they contribute partially via the gluon splitting which can be the cause of the observed di erence at smaller angles in ∆φ distributions.

Similar conclusions can be inferred from D -D correlations in pp collisions at 200 GeV presented in gure.5.16 for the p T spectrums, ∆η and ∆Y distributions. As for ∆φ and ∆p T distributions, less discrepancy is observed between the cases where ISR/FSR are On and O . The same order of distributions is kept in each gure : ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right), p T (bottom) with their ratios in the bottom panels (except for the p T spectrum). The black curves refer to the distributions obtained with MPI switched "On" and the green ones refer to those obtained with MPI switched "O ".

Correlation distributions have similar behaviour for the 2 cases of MPI switched "On" and "O " with a quantitative di erence for the ∆p T , ∆η, ∆Y and p T distributions for both energies (200 GeV and 7 TeV) and both mesons (B and D mesons). Quantitatively, the distributions obtained with MPI "O " are lower than those obtained with MPI "On". This is probably due to the mechanism of MPI which leads to more interactions between partons .i.e the production of more particles. Consequently, a large number of heavy avour pairs is created which means a larger number of correlated pairs (B -B, D -D). The ratios deliver the same message about this quantitative di erence.

Concerning the ∆φ distributions, a quantitative di erence between the two cases (MPI On/O ) is observed. The di erence in ∆φ distribution lies at larger angles (∆φ = π) where correlation distributions are closer in magnitude in both cases (MPI On/O ), and the similarity is more prominent in the case of B B correlations for both energies (200 GeV and 7

TeV). As for smaller angles, the di erence in magnitude is larger, especially for the case of D -D correlations for both energies (200 GeV and 7 TeV).

These observed features dictate that MPI a ects the production mechanism of heavy avour.

Without MPI, there are less created heavy-avours via gluon splitting .i.e less created pairs with smaller angles. D mesons (Charm quarks) are more impacted whereas the e ect is minor for B mesons (bottom quarks). For each gure, the distributions ∆φ, ∆p T , ∆η, ∆Y, p T are presented. Black curves represent correlations in the standard case where CR is switched "On". The green curves represent correlations with CR switched "O ".

One can see clearly that, whatever the energy or the meson species, the distributions obtained for the 2 cases (CR is switched "On" or "O ") are similar in behaviour and magnitude. This is clear through the computed ratios shown in the bottom panels for each distribution.

Apart from the similarities, there is a discrepancy in ∆φ distributions at smaller angles between correlations with CR switched "On" and "O " for both energies (200 GeV and 7

TeV). This di erence is more visible for D -D correlations in pp collisions at 200 GeV and less visible at 7 TeV.

This observation is either associated with the energy scale for D mesons, or it might be the number of events that were not enough to give some rm conclusions. Otherwise, based on what is available, the discrepancy is due to the absence of CR that lead to less gluon splitting at an energy of the order of GeV, but it does not in uence that much the production mechanisms of heavy avour at energies of the order of TeV. 

D -D/B -B correlations Monash2013 versus 4C Tune

In this part, the correlation distributions obtained with the default tune (M onash 2013) are compared to those obtained using the tune 4C. The general di erence between the tunes comes from the di erent implemented ways to deal with the processes and the description of the experimental data. For instance, the tune M onash 2013 was con gured to describe the minimum-bias physics and underlying events (UE). The tune 4C was parametrised based on the early LHC data. Otherwise, among the main di erence between these two tunes, one can mention the shape of the hadron-hadron overlap pro le, and colour reconnection simulations and multiple interactions parametrisation [START_REF] Skands | Tuning PYTHIA 8.1: the Monash 2013 Tune[END_REF].

The distributions, as presented earlier, are shown in this part for both energies and meson species and this is for both tunes. The black curves represent the distributions obtained using the M onash 2013 tune and those in blue for correlations obtained using tune 4C. One can notice that both tunes similarly describe correlations, qualitatively and quantitatively, especially in pp collisions at 7 TeV for both D and B mesons which is visible through the computed ratios presented in the bottom panel of each distribution. In pp collisions at 200 GeV, there is a quantitative di erence in the distributions between both tunes. The obtained correlations using the tune 4C are larger in magnitude than those obtained using the tune M onash 2013. It is not fair to say that one of them is not correct since no comparison to experimental data was performed and which was not among the to-do list in this chapter of the thesis.

B-

Besides the di erence between the correlations with these two tunes which is more visible in the ∆φ distributions for both B and D mesons in pp collisions at 200 GeV, the description given in the 2 cases is similar at least qualitatively. Anyway, similar comparison was already performed exhaustively in [START_REF] Skands | Tuning PYTHIA 8.1: the Monash 2013 Tune[END_REF] and the focus was not on correlations only, but several observables were considered, and similar comparison features were concluded. 

Chapter Conclusion

The con guration labelled "Forced" was exploited to perform the current analysis for a matter of time, and due to the similarities exhibited compared to the two other con gurations.

We learnt that heavy avours are generated back-to-back for energies of the order of GeV via avour creation, and for energies of the order of TeV, gluon splitting contribute e ectively although no NLO procedure was integrated into the analysis. In addition to that, high p T pairs are mainly created at larger angles while low-p T pairs are generated even at smaller angles. Then, it was concluded that mesons correlations are a re ection of quark correlations because the kinematic pattern is similar between the parton level and the hadron level for di erent energy scales. After that, we have seen that ISR/FSR have a non-negligible effect on correlations because less heavy avours were generated which has in uenced the production mechanism, especially at larger and smaller angles. It was not the case for MPI whose absence minimised the gluon splitting mechanism. As for CR, the impact was not prominent except for D mesons and their production at smaller angles.

Chapter 6

EPOSHQ Event generator

In this chapter, the theoretical principles of EPOS / EPOSHQ event generators as well as the Heavy Quark package are presented. Then, the results obtained are presented and discussed, in addition to the comparisons made with the experimental data.

Theoretical basics

The EPOS event generator integrates several approaches from which it derives its abbreviation. It is an Energy conserving quantum mechanical multiple scattering approach based on,

• Partons, parton ladders, strings,

• O -shell remnants,

• Splitting of parton ladder.

and it is based on the Parton-Based Gribov-Regge Theory (PBGRT), an approach that combines the two theories: Gribov-Regge theory (GRT) and the parton model. In this merged picture, the issues of multiparton interactions and energy conservation were solved.

The parton model exploits factorization to compute the inclusive cross-section. As for the Gribov-Regge theory (multiple scattering theory), multiparton interactions are allowed to take place. In GRT, the elementary interaction is represented by an exchange of a "Pomeron" which is a phenomenological object with an unknown nature. It is parametrised by an elastic amplitude presented by the equation,

T (s, t) ∼ is α 0 +α t , (6.1) 
The inelastic cross section can be expressed by the equation,

σ h 1 h 2 inel = d 2 b {1 -exp(-G(s, b))}, (6.2) 
where G(s, b) is an elementary interaction, proportional to the Fourier transform of T (s, t).

It is presented by a thick line as shown in gure.6.1. An interesting discussion about pomeron physics can be found in [115] [116]. F 6.1: Hadron-Hadron scattering according to GRT. Pomeron: thick pink lines [START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF].

In the parton model, the partons of the projectile or the target can be presented by the distribution functions f h 1 and f h 2 . The production cross-section of partons is factorized by these two latter functions to get the inclusive cross-section, as it is done in PYTHIA and other MC event generators. The inelastic cross-section can be described by the equation,

σ h 1 h 2 inel = ij dp 2 T dx + dx -f i h1 (x + , p 2 T ) f j h2 (x -, p 2 T ) d σij dp 2 T (x + x -s) θ(p 2 T -Q 2 0 ) (6.3) 
where Q 0 is a cuto and

d σij dp 2 T
is the parton-parton elementary cross-section, the indices i and j refer to the avour of partons

The PBGRT is developed in such a way that the energy conservation follows the rules of Quantum Field Theory (QFT) for both the cross-section and the particle production calculations. The energy is properly shared between the di erent interactions happening in parallel for di erent systems (pp, p-A, A-A), as displayed in gure.6.2. The thick lines in these schemes represent the sum of the elementary interactions for soft, hard and semihard contributions. For the three collisional systems, the nucleon constituents carry an incident momentum fraction so that the sum of the fractions equals one to satisfy the principle of momentum conservation. The constituents of the nucleon can be either participants in the elementary interactions (with the participants of other nucleons) or can be spectators (remnant which represents the rest of all nucleons). scattering [START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF].

It is important to mention the pro le function included in cross-section calculations to express the contribution of the soft, hard and semi-hard processes. The pro le function is symbolised by G(s, b) and associated to the cross-section through the equation,

σ tot = d 2 b G(s, b) (6.4) 
where σ tot is the total cross-section for two-body scattering, s is a Mendelstam variable (energy squared in the cms), b is the impact parameter and G(s, b) is the pro le function or in an other word, the probability of an interaction with an impact parameter b and an energy √ s. More information can be found in Appendix.C about the pro le function and the contribution for di erent processes.

Each time the term "Pomeron" is mentioned, one should associate it with the amplitude of elementary parton-parton scattering. The pomeron can be imagined as two layers of parton ladders where the two layers are connected to the remnants of the projectile and the target by two legs (leg=colour singlet=q q=qqq=q q q) and the cut pomeron can be thought of as two strings [START_REF] Pierog | How to relate particle physics and air shower development : The EPOS model[END_REF]. According to the nature of the scattering, four types of pomerons are distinguished: soft, val-val (hard), sea-sea (semi-hard), val-sea and sea-val (mixed semi-hard).

For each pomeron type, there is a correspondent pro le function. More details can be found in [START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF]. Perturbative pomerons are treated in this approach using the DGLAP evolution equations where the virtualities in the ladder are ordered. Non-perturbative pomerons are included as well, and they are treated using non-perturbative, nite-range gluon propagators. The general expression of the hadron-hadron scattering amplitude, where multiple scattering and kinematics are taken into account, is displayed in gure.6.3. F 6.3: Hadron-hadron interaction amplitude [START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF].

and can be expressed by the equation,

i T h 1 h 2 (s, t) = ∞ n=1 1 n! n t=1 d 4 k l (2π) 4 d 4 k l (2π) 4 d 4 q l (2π) 4 N (n) h 1 (p, k 1 , ..., k n , q 1 , ..., q n ) × n l=1 i T 1P ( ŝl , q 2 l ) N (n) h 2 (p , k 1 , ..., k n , -q 1 , ..., -q n )(2π) 4 δ (4) n k=1 q i -q (6.5)
where t=q 2 , s=(p + p ) 2 and p, p are the 4-momenta of the initial hadrons, ŝl = (k l + k l ) 2

and k l , k l are the 4-momenta of the initial partons for the lth scattering and q l is the 4momentum transfer. The factor 1 n! is included to account for the n identical re-scattering contributions. N (n) h (p, k 1 , ..., k n , q 1 , ..., q n ) represents the contribution of the vertex for the coupling (n)parton-hadron h. T 1P is the partonic scattering amplitude from all contributions and can be expressed by the equation,

T h 1 h 2 1P = T h 1 h 2 sof t + T h 1 h 2 sea-sea + T h 1 h 2 val-val + T h 1 h 2 val-sea + T h 1 h 2 sea-val (6.6)
The hadronic pro le function γ is de ned by :

γ h 1 h 2 (s, b) = 1 2 s 2Im Th 1 h 2 (s, b) (6.7)
where T is the Fourier transform of the scattering amplitude T . 2Im Th One of the important features of this approach is that the AGK cancellations in hadronhadron scattering are applicable. The AGK cancellations mean that the contributions of multiple scattering diagrams with more than one elementary interaction cancel each other. This principle is applicable in nucleus-nucleus scatterings. This leads to the fact that the cross-section is nothing but the proton-proton cross-section times the mass number associated with the nature of the scattered nucleus (target and the projectile). The last statement can be expressed by the equation,

G h 1 h 2 1P = G h 1 h 2 sof t + G h 1 h 2 sea-sea + G h 1 h 2 val-val + G h 1 h 2 val-sea + G h 1 h 2 sea-val (6.8) 
dσ AB incl dq (q, s, b) = AB dσ pp incl dq (q, s, b) (6.9) 
More details on Parton-Based Gribov-Regge Theory, the integrated approach in EPOS event generator, can be found in [START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF].

EPOS was already tested through the reproduction of simple and sophisticated observables.

They were found in reasonable agreement with experimental data. Examples of such comparisons to data can be checked in [START_REF] Pierog | EPOS LHC: Test of collective hadronization with data measured at the CERN Large Hadron Collider[END_REF] [120] [START_REF] Porteboeuf | Producing hard processes regarding the complete event : the EPOS event generator[END_REF] [122] and many others. EPOS had been used even in cosmic rays studies as it was done in [START_REF] Pierog | How to relate particle physics and air shower development : The EPOS model[END_REF] where those studies helped to improve EPOS in energy intervals not accessible in colliders and accelerators on the earth.

Initial conditions

Within the EPOS event generator, the same procedure is followed for di erent collisional systems (pp, p-A or A-A). For this reason, it is called a universal model. The starting point is the initial conditions like most event generators. From the technical side and according to EPOS user's guide [START_REF] Werner | EPOS 1 User's Guide Reference journal ou conference[END_REF], the main mandatory parameters to initialise are the following :

• Number of events

• Energy per nucleon-nucleon in centre of mass system (cms).

• Atomic number (Z) and mass number (A) of the projectile.

• Atomic number (Z) and mass number (A) of the target.

• Activate/deactivate the nuclear e ects due to parton splitting and fusion which leads to screening (saturation) and so on ...

• Activate/deactivate some speci c decay channels.

In addition to the technical details, some other physical aspects are worth mentioning, for example :

• The number of each type of exchanged pomerons between the projectile and the target • Activate/deactivate the energy sharing between the pomerons and the two remnants (which leads to the production of particles either from remnants decays or cut pomerons). The interacting partons (quark-antiquark or quark-diquark) leave behind colourless oshell remnants from the projectile and the target (generally excited). This induces the deceleration of the target which is not the case if the interacting partons are just some simple quarks. The full picture can be visualised by the diagram shown in gure.6.6. In the end, all objects are colourless (or white): the remnants and the parton ladders. More details about the importance of parton ladders and their splitting can be found in [START_REF] Klaus | Parton Ladders Splitting and the Rapidity Dependence of Transverse Momentum Spectra in Deuteron-Gold Collisions at RHIC[END_REF] [127].

Core-Corona approach

The Core-Corona approach is another essential aspect integrated into the EPOS event generator. At an early proper time τ 0 and after the collisions take place, the partons/hadrons density is not the same everywhere, and so do the string segments. To separate the highdensity region (central part/the uid) in the collision zone from the low density one (peripheral part/escaping hadrons including jet hadrons), the geometrical properties of the medium were considered in addition to the momentum, and the density of the string segments. The idea of separation came up because of the necessity to remove the background (for some observables) to get only the concerned signal in the analysis. For instance, one can mention the collectivity through the radial ow that takes place in a high-density medium in heavy-ion collisions. Meanwhile, the peripheral particles/partons do not contribute in such expansion (at least in the same way as those from the central part), but they behave as independent pp/pA collisions. Hence, it comes the necessity for the core-corona separation [START_REF] Werner | Core-Corona Separation in Ultra-Relativistic Heavy Ion Collisions[END_REF].

In this approach, the nucleus-nucleus peripheral collisions are considered to behave as pp or p-A like collisions. The created partons before hadron formation are split into two kinds.

The rst one is string segments created in a dense area or what is called "core". For the second one, string segments are formed in an area with low density or the so-called "corona". This is illustrated by the Monte Carlo simulations done in 40-50% semi-peripheral Au-Au collisions presented in gure.6.7 [START_REF] Klaus | The hadronic interaction model EPOS[END_REF]. or surface partons (corona) where the local equilibrium is not reached because partons undergo fewer collisions/interactions, and they are treated as elementary proton-proton collisions. Consequently, this region will not contribute to the hydrodynamical evolution of the system [START_REF] Gemard | Core-Corona Model analysis of the Low Energy Beam Scan at RHIC[END_REF].

At low density, string fragments hadronise without interactions which is similar to pp or p-A scattering. For the high-density area, the treatment is similar to the one in heavy-ion collisions via hydrodynamical evolution. This approach will be discussed in the following subsection (section.6.1.4).

The previous description can be visualised di erently in gure. The integration of the core-corona approach in EPOS had given an enough good description to the data for di erent observables as it was done using EPOS 1 [START_REF] Werner | Core-Corona Separation in Ultra-Relativistic Heavy Ion Collisions[END_REF], EPOS 2 [START_REF] Aichelin | Core-Corona Model describes the Centrality Dependence of v 2[END_REF] with the ideal hydrodynamic evolution or the viscous one using EPOS3 [132] [133]. This approach was also veri ed for both high and low energy beams where an acceptable agreement was found between data and predictions [START_REF] Gemard | Core-Corona Model analysis of the Low Energy Beam Scan at RHIC[END_REF].

Hydrodynamic evolution

The hydrodynamic evolution can occur either in high multiplicity pp collisions [START_REF] Werner | Evidence for Hydrodynamic Evolution in Proton-Proton Scattering at LHC Energies[END_REF] or in heavy-ion collisions [START_REF] Werner | Event-by-Event Simulation of the Three-Dimensional Hydrodynamic Evolution from Flux Tube Initial Conditions in Ultra Relativistic Heavy Ion Collisions[END_REF]. The starting point is the parton ladders (section.6.1.2) .i.e the elementary colour ux tubes that are longitudinal strings. These strings can be imagined as 3 dimensional objects with a surface X(α,β) in space-time as displayed in gure.6.9(a). The ux tube is moving in parallel to the z-axis. Due to the kinky string part, another movement is considered in the transverse direction parallel to the y-axis. At moderate relativistic energies, string density is not too high, and the hadronisation takes place through string breaking. The resulting string segments will form hadrons at the end of the process. If the collision energy is high enough, the resulting string density will be high so that the hadronisation of di erent segments will not be independent. For this reason, strings will be split into segments with a proper time τ 0 and widths δα, δβ. Certainly, there will be a region where the string segment density is low (corona) and a region with a larger density of string segments (core) as was already discussed in section.6.1.3.

At this stage, the four-momenta of the string segments can be extracted as well as the initial condition for the hydrodynamic evolution by determining a local energy density (τ 0 , x) and a local ow velocity v(τ 0 , x) where both are dependent on the initial proper time τ 0 and space. An example of the initial energy density is displayed in gure.6.10. By considering these initial conditions with the ideal (or the viscous) hydrodynamical evolution, the created medium will evolve according to the local energy-momentum conservation equation,

∂ µ T µν = 0, T µν = ( + p)u µ u ν -pg µν , ν = 0, ..., 3 (6.10) 
and the equation of net charges conservation,

∂N µ k = 0, N µ k = n k u µ , k = B, S, Q (6.11)
where u is the four-velocity in the local rest frame, B is the baryon number, S the strangeness, and Q is the electric charge. After solving these equations, the obtained solutions are the space-time dependent quantities : energy density (x), collective ow velocity v(x) and the net avour densities n k (x).

As a Summary concerning the hydrodynamic evolution, at an initial proper time τ 0 , the created medium expands with determined initial conditions until it reaches a de ned temperature T H where hadronisation (section.6.1.5) takes place (switch from matter to particles) by applying the procedure of Cooper-Frye. After that, hadrons undergo re-scatterings where hadronic cascades evolve in the scope of the UrQMD model [START_REF] Bleicher | Relativistic Hadron-Hadron Collisions in the Ultra-Relativistic Quantum Molecular Dynamics Model (UrQMD)[END_REF]. Under these circumstances, the energy density shown in gure.6.10 can evolve with time as presented in gure.6.11. A similar procedure is considered for simulations with viscous e ects [START_REF] Werner | Jets, Bulk Matter, and their Interaction in Heavy Ion Collisions at Several TeV[END_REF] instead of the ideal hydrodynamics evolution. 

Hadronisation

In the EPOS approach, the hadronisation mechanism is dependent on the structure of the cut pomeron. If the pomeron is soft, then hadronisation is hidden in a simple parametrisation of the characteristics of the soft pomeron. If the pomeron is hard, then hadronisation is based on the fact that summing over the hadronic nal states is similar to summing over the partonic nal states, and the parametrisation used is called the "String model". It is not considered a microscopic hadronisation model due to the parametrisation of the hadronic structure of the cut pomeron, and it should be in agreement with the principle laws of physics and experimental observations.

The simplest representation of a cut pomeron is displayed in gure.6.12. The cut pomeron is presented by the dashed thick vertical line which is connected to the nucleons (quark -anti-quark) and symbolised by the external legs. More details, about the hadronisation mechanism using this approach for the di erent processes (dependent on pomeron structure), can be found in Appendix.D. F 6.12: Schematic representation of a cut pomeron [START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF].

The main di erence between the hadronisation process in EPOS and PYTHIA (based on the Lund String Model) is that in EPOS, hadrons are produced directly from strings using the area law, while in PYTHIA, hadrons are produced from mass clusters using the fragmentation function.

The area law deals with the string breaking to produce nal state hadrons. This law is based on the same principle of unstable particles decay. The same principle is considered for strings through the equation, dP = λ dA (6.12)

where dP is the probability of string breaking with a breaking constant λ and dA is the proper surface in the Minkowski space. dA can be written in a more simpli ed formula as,

dA = 1 2
(1cosφ) dσ dτ (6.13)

σ and τ are space-like and time-like parameters, φ is the angle between the partons. The maximum contribution to the string breaking is coming from partons moving in opposite directions. For partons with φ = 0, the contribution is zero. The location of string breaking has to be determined. First, this relies on equation 6.12 and secondly on the expression, P 0 (A) = e λ A (6.14) P 0 is the probability of having zero break in the area A. Several surfaces A i are generated as well according to the expression,

A i = -log(r i )/λ (6.15)
where r i is a random number between 0 and 1. The area A i has no precise shape as long as causality is preserved. This procedure of string breaking can be symbolised in a simple concrete way by the diagram displayed in gure.6.13. P i are the breaking points, and L i are the lines de ned by the surfaces A i . F 6.13: Search for breaking points (simple representation) [START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF].

The procedure starts with a rst breaking point P 1 that is chosen randomly on the line L 1 de ned by the surface A 1 . The second breaking point is selected according to the rst one (considered as a constraint) and so on. This procedure is over if the last surface is too large so that it is not anymore in the surface of the string or if the resulting pieces are not heavy enough to produce hadrons.

Concerning the avour of the string fragments (partons), it is suggested that at each breaking point, new associated avours are created with some probabilities (free parameters) to create pairs of quark-antiquark or diquark-antidiquark. For the case of quark-antiquark, the probability of creating u/d and s quarks are p ud and 1 -2 p ud , respectively. For the case of diquark-antidiquark, the parameter p diquark is considered. For the mass, the string momentum is computed rst. Consequently, the momentum of the string fragments can be deduced, as well as their masses. For what concerns the type of hadron, it is determined using a table (already established in this approach) where for each string fragment with a determined avour and a mass range, a hadron type is associated.

The "Parton-Based Gribov-Regge Theory" was tested at the time of the establishment by comparing the spectrum of di erent observables obtained with EPOS event generator to those measured within di erent experiments/energies (LEP, RHIC, HERA, PETRA, SLAC, ... ) and a good agreement was found compared to the data.

More details on the parameters used to build this approach can be found in [START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF]. These parameters are connected to di erent mechanisms such as hadronisation, time-like cascade, parton-parton scattering, hadron-hadron scattering and others.

The previously described hadronisation procedure is used generally at the level of the matter created in heavy-ion collisions (core). Regardless of the collisional system, hadronisation takes place at the hyper-surface of the core where the temperature should be close to the one of hadronisation T H . This is treated using the Cooper-Frye procedure [START_REF] Cooper | Single-particle distribution in the hydrodynamic and statistical thermodynamic models of multiparticle production[END_REF] which was already exploited in separated studies and shown reasonable agreement in comparison to the experimental measurements [START_REF] Wol | Self-consistent Cooper-Frye freeze-out of a viscous uid to particles[END_REF] [141].

6.2 MC@sHQ approach MC@sHQ is an approach based on Monte Carlo simulations where HQ is an abbreviation for Heavy Quark, and it is a package that was developed and dedicated to the study of heavy avours and how they interact with the created medium in heavy-ion collisions and other small systems like pp or p-A collisions. The complete picture of the evolution of heavy quarks from production to hadronisation using MC@sHQ as a standalone event generator consists of 3 principal stages,

• Initialisation of the nucleus-nucleus collisions, as well as heavy avour spectrums based on FONLL predictions.

• Then, MC@sHQ is coupled with 3+1 dimension (viscous or ideal) uid dynamical evolution from EPOS. Heavy avours are propagated according to the equation of Boltzmann where the properties of the gluon and light quarks are taken from the local background medium properties (temperature, velocities). At this stage of the evolution, the heavy quarks undergo an energy loss through 2 mechanisms: collisional and/or radiative.

• Finally, the hadronization of heavy avour can take place either via the fragmentation (high p T ) or the coalescence (low p T ) at T=155 MeV.

More details about the heavy avour production, interaction with the medium and nally hadronisation can be found in [START_REF] Nahrgang | Open heavy-avour production and suppression in heavy-ion collisions[END_REF].

The collisional process is an elastic scattering 2 → 2 which can be expressed by the interaction equation : Q + q → Q' + q' and Q + g → Q' + g' while the radiative process is an inelastic scattering and can be expressed by : Q + q → Q' + q' + g and Q + g → Q' + g' + g".

Among the crucial features of the MC@sHQ approach is the use of a K-factor (temperatureindependent) to rescale the corresponding scattering rates/cross-section in such a way that the predicted nuclear modi cation factor (R AA ) obtained with this approach will be in agreement with the R AA measured from the data within experimental uncertainties [START_REF] Nahrgang | Open heavy-avour observables at the LHC and the importance of higher-order ow harmonics[END_REF]. Once the K-factor is xed according to the concerned scenario, this same value is used to deduce other observables distributions such as the elliptic ow v 2 , azimuthal correlations or cross-section. The latter, for example, can be extracted for the purely collisional mechanism (K=1.5), the purely radiative mechanism (K=1.8) (which was integrated and tested for the rst time in MC@sHQ in [START_REF] Gossiaux | Competition of Heavy Quark Radiative and Collisional Energy Loss in Decon ned Matter[END_REF]) or the collisional+radiative scenario (K=0.8).

EPOSHQ event generator

EPOS-HQ is a framework resulted from the combination of EPOS3 and MC@sHQ event generators to predict the observables of heavy avours in di erent collisional systems [START_REF] Bernard | First results of EPOS-HQ model for open heavy avour production in A-A collision at RHIC and LHC[END_REF].

The evolution of heavy-avours in EPOS-HQ di ers from the one in MC@sHQ by the initial conditions. With MC@sHQ, as mentioned in section.6. ). In such a cascade, the virtuality increases by emitting timelike partons. When radiations are over from spacelike partons, the collision takes place. This is called the born process, and it is treated using a partonic cross-section from pQCD. In their turn, radiated partons from the born process and spacelike cascades will initiate timelike cascades. More advanced details can be found in [START_REF] Guiot | Production de charms et de photons prompts avec le generateur d evenement EPOS[END_REF].

The approach EPOSHQ was tested in several analyses by comparing its predictions to data where an agreement was established within experimental systematic uncertainties for different observables [START_REF] Nahrgang | Heavy-avour azimuthal correlations of D mesons[END_REF] In these analyses, some selection criteria -similar to those considered in the experimental measurements -were applied :

-Only events with tagged D mesons -that pass the kinematical criteria -are considered.

-the pair D meson -hadron should be in the same event (event-by-event analysis) -D mesons from B-mesons decays are removed -The daughters of D mesons are removed from the set of associated charged particles.

Once the above criteria are satis ed, both D mesons and associated charged tracks should pass the kinematical cuts, also similar to those applied in the correspondent experiment selected for the comparison. Several experiments from di erent collaborations were considered, and the output from predictions and experiments will be presented in the next sections. The obtained distributions with EPOSHQ are presented in blue circles in gure.6.14.

The comparison is performed with respect to the measurements done by the ALICE experiment (presented in black squares in gure.6.14). As already stated, the predicted correlations with EPOSHQ and the measured ones from the ALICE experiment are presented in gure.6.14 in blue circles and black squares, respectively.

From the distributions, one can notice a qualitative agreement between the predictions and the measurements. A more visible discrepancy appears at high p T of D mesons and for the integrated p T intervals of associated tracks, especially at smaller angles. The correlations obtained with EPOSHQ describes the data qualitatively well but not quantitatively.

The estimated di erence reaches an average varying from 2% up to 18%. Regardless of the di erences, similar behaviour is observed for D-hadron correlations in both experimental measurements and theoretical predictions. A prominent peak is visible around smaller angles due to the formation of a jet of particles in the direction of the charm quark production. This is partially due to the mechanism called gluon splitting, which is expected to take place at energies of the order of the TeV, in addition to the contribution of pair creation. On the other hand, in the opposite direction of the produced charm quark, less charged particles are produced around the angle π/2.

A baseline subtraction was performed to the previous distributions ( gure.6.14). The newly obtained correlations from EPOSHQ predictions and measurements from ALICE, are presented in gure.6.15. Similar conclusions can be deduced from the comparison with subtracted baseline.

A discrepancy is observed at smaller angles, especially at larger angles for the three p T ranges of D mesons and the integrated p T of associated tracks. This can be partially due to the uctuations of the experimental data and the predictions. However, the overall behaviour is similar and delivers the same information. It is crucial to check whether the correlations with heavy quarks at di erent evolution stages will agree with the correlations performed with D mesons from EPOS. They are supposed to be identical given that heavy quarks at the creation level are themselves provided by EPOS before being exploited by the transport process HQ afterwards. The correlations distributions obtained for the 5 cases listed above are displayed in gure.6.16. The magenta distribution represents the correlations between D mesons (from EPOS) and charged particles. The correlations between charged particles and charm quarks at creation are presented in red, charm quarks before hadronisation in green, D mesons after hadronisation in blue, and after rescattering with the medium in cyan.

One can notice that the distributions of c quarks at creation (red) and D mesons from pure EPOS (magenta) exhibit similar behaviour. It is reasonable since charm quarks at creation are themselves provided by EPOS. Thus, one can deduce that charm quarks follow the pattern of correlations since two peaks around ∆φ = 0, π are present. The correlations with charm quarks before hadronisation and those with D mesons after hadronisation/rescatterings show similar distributions, but they follow di erent patterns (broader)

with respect to the two previously discussed distributions. For the range 3< p T (c/D) < 5

GeV/c, the distributions do not show important enhancement at smaller angles, especially around π. This feature disappears at larger p T . One can notice also that the correlations of charm quarks before/after hadronisation and D mesons after rescattering are strongly correlated with the charged particles compared to the distributions of charm quarks at creation/from EPOS. This is observed for the charged particles at low p T (middle row of gure.6.16).

D-h correlations in pp collisions at √ s = 13 TeV

At the beginning of this part, it is interesting to perform a theoretical comparison between the correlation distributions obtained in pp collisions at 7 TeV and those at 13 TeV using EPOSHQ.

Figure .6.17 shows correlation distributions extracted at 7 TeV (blue points) and those at 13

TeV (green points) where the baseline is preserved. Correlation distributions at 13 TeV are a little bit higher than those at 7 TeV which is better visualised in the integrated p T range of associated charged particles.

This is probably due to the background and underlying events expected at higher energies and larger transverse momentum. Fluctuations are also getting larger with increasing p T which is probably related to the use of samples with insu cient statistics. A di erent comparison is performed by subtracting the baseline in the distributions for both energies. The correspondent correlations are presented in gure.6.18. The di erence disappears except for large p T of D mesons where the uctuations are dominant. This discrepancy does not prevent the conclusion that the physics principles and phenomena are similar in both energies except for the di erence in underlying events, background and multiplicities. In these analyses, the concerned observable is the cross-section and not the number of the correlated pairs. The cross-section is de ned experimentally by,

σ = N pair L × B 1 × B 2 (6.16)
where N pair is the number of correlated pairs in the integrated range of ∆φ. L is the integrated luminosity considered by LHCb. B 1 is the fragmentation fraction of the charm quarks for the considered D meson (D + , D 0 ). B 2 is the branching ratio in the considered decay channel (Kππ for D + and Kπ for D 0 ). The original equation in the LHCb paper included the e ciency which should be ideal (100%) when an event generator is used.

The resulting correlation distributions for D + -D -and D 0 D0 are presented in gure.6.19

and gure.6.20, respectively. The blue histogram refers to the predictions from EPOS, and the green one refers to the measurements from LHCb. Concerning D + -D -correlations, in both data and predictions, the distributions are qualitatively similar. The data is described reasonably well by EPOS within uncertainties. This shape shows that charm quarks are produced mainly via gluon splitting where the angle between the created pairs is small and via avour creation where the angle can be larger or back-to-back with an angle around π. This is clear through the existence of a prominent peak around ∆φ = 0 and an enhancement around ∆φ = π. Otherwise, the production of D mesons at small angles is underestimated by EPOS. For the rest of the ∆φ range, the production is reasonably described. As for D 0 D0 , the shape of the correlations from LHCb is nicely described by EPOS. In this case, the data favours the production of charm quarks via gluon splitting (production with small angles) in addition to the contribution of avour creation (enhancement around ∆φ = π). One can also deduce that D + and D 0 (and their antiparticles) behave similarly.

D-h and D -D correlations in pp collisions at 500 GeV

In this part, the simulations were performed using EPOS event generator to obtain correlations of D * + -D * -and D * with charged particles in pp collisions at 500 GeV to compare the predictions from EPOS to the preliminary results from the STAR experiment provided by Jaroslav and Petr [START_REF] Ma For The | Measurement of D * -meson triggered correlations in p+p collisions at RHIC[END_REF]. In these analyses, D * mesons were correlated with charged particles in pp collisions at 500 GeV. The same kinematical cuts, considered in data, are applied where D mesons should have a transverse momentum within the range 8 < p T < 20 GeV/c and the charged particles should be with p T > 0.5 GeV/c and within a pseudorapidity range |η| < 1.

The obtained D-hadron correlation distribution from EPOS simulations is presented in gure.6.21 (blue points) compared to the preliminary STAR results (green points). The baseline is already subtracted in both cases. The correlation distribution from STAR preliminary measurements exhibits a di erent quantitative behaviour compared to the observed one with EPOS. In the latter, the away side peak around ∆φ = π is larger in magnitude with respect to the near side peak at ∆φ = 0. EPOS reproduces the general behaviour observed in the experimental data but with a larger magnitude, especially around the peaks. This discrepancy is probably due to the di erence in the number of charged particles associated with each D meson between predictions and measurements. Regardless of the di erence, the behaviour from predictions suggests that the production of heavy avour through avour creation is more important than gluon splitting at RHIC energies. For what concerns the distribution from measurements, it shows also that both mechanisms ( avour creation and gluon splitting) are involved but not with similar magnitude as in EPOS predictions.

Concerning the correlations between D mesons and their antiparticles D, D mesons are required to be in the range 2.5 < p T < 20 GeV/c and |η| < 1. The resulting correlation distribution from EPOS in pp collisions at 500 GeV is symbolised by the blue points in gure.6.22 while the experimental data are presented in green points. There is a peak around ∆φ = π in the distribution obtained with EPOS which is closer in magnitude to the enhancement observed in the STAR preliminary results. This means that the production of D mesons through pair creation (back-to-back) is the dominant production mechanism in this order of energy (GeV) while gluon splitting (production with smaller angles) is dominant (and avour excitation with smaller e ect) at higher energies (TeV)

as it was deduced from LHCb results shown in the previous section.6.4.3. Regarding the comparison between the two curves, EPOS predicts the behaviour of the distribution from STAR, but it underestimates the data at larger angles and with less degree around ∆φ = 0. within CDF collaboration at the Tevatron [START_REF] Reisert | on behalf of the CDF Collaboration, Charm Production Studies at CDF[END_REF]. In these analyses, the p T of D * -are selected to be in the range [5.5, 20] GeV/c, D 0 in the range [5.5, 20] GeV/c, and D + in the range [START_REF] Deur | The QCD Running Coupling[END_REF][START_REF] Song | 200 A GeV Au+Au collisions serve a nearly perfect quark-gluon liquid[END_REF] GeV/c. All correlated D mesons should be within the rapidity range |y| < 1. These cuts are also applied for the simulations with EPOS. The distributions from the experimental data and predictions from EPOS are presented in gure.6.23. EPOS underestimates the data, especially at smaller angles, although the general behaviour is similar to the measured distributions. The sample used to simulate this collision system

was not the best one concerning statistics which can be the reason for this large di erence between data and predictions from EPOS. Another reason is that the experimental data were extracted from the HEP data website, but they are not up-to-date compared to the included ones in the paper. : ALICE (black squares) vs EPOSHQ (blue circles) with the new thresholds of associated particles.

Chapter conclusion

EPOS is a successful event generator thanks to the integrated "Parton-Based Gribov-Regge

Theory" in addition to other implemented processes starting from the well de ned initial conditions in addition to the principles of parton ladders, core-corona, hydrodynamic evolution and hadronisation. EPOS3 was also coupled with the package MC@sHQ to simulate heavy avours which is the centre topic of this thesis. In this scope, several simulations for collisional systems (pp, pp, p-Pb) at di erent energies (500 GeV and 7, 13, 1.96, 5.02 TeV)

were performed in order to extract comparable predictions to the measured distributions from experiments. Correlation distributions from predictions were found to be in reasonable qualitative agreement with the experimental output. Otherwise, no perfect quantitative match was established which dictates that more e orts are needed from both theory and experiments.

Chapter 7

Conclusions and Perspectives

In the rst part of the manuscript, the experimental results on azimuthal correlations between D * + mesons and charged hadrons are discussed. These correlations are obtained based on an event-by-event analysis in proton-proton collisions at √ s = 13 TeV with the ALICE detector at the LHC. An improved analysis strategy compared to the one in pp at 7

TeV, is applied. The di erence lies in performing a pool-by-pool correction instead of exploiting the integrated pool of events. The topological cut DCA XY applied on associated charged particles was 1 cm instead of 0. The other type of pomerons is the hard or val-val where there is no sign of soft pomerons.

In this interaction, only valence quarks are considered and they are the rst partons in the The usual procedure is applied for hadronisation where the string, connecting the quark and the anti-quark, will break to produce the nal state hadrons as it is displayed in gure.D.6.

Samenvatting in het Nederlands

In dit proefschrift worden de gemeten azimutale correlaties tussen D * + mesonen en geladen Voor PYTHIA8 observeerden we dat, voor botsingsenergieën van orde TeV, de zware quarks voornamelijk geproduceerd worden via gluonsplitsing. Bij lagere energieën, van orde GeV, vind de productie van zware quarks voornamelijk plaats door "paar-productie". We zagen ook dat de correlatie tussen de geproduceerde zware quarks zichtbaar blijft in de correlatie tussen de bijbehorende mesonen. Contributies van de zogeheten "initial" en " nal state radiation (ISR/FSR)" en "color reconnection (CR)" veranderen deze correlatie niet noemenswaardig. Het zogenoemde "Multiple Parton Interaction (MPI)" mechanisme veranderd de distributie daarentegen wel omdat dit de gluonspitsing minimaliseert wat voor de hogere energieën een belangrijke bijdrage levert aan de azimutale correlaties.

Voor het model EPOS3/EPOSHQ zijn de voorspellingen vergeleken met de ALICE metingen en deze kwamen voor proton-proton botsingen bij 7 TeV kwalitatief overeen. De overeenkomst was beter als de onderliggende distributie niet werd meegenomen. Deze observaties laten zien dat de onderliggende deeltjes-multipliciteit niet goed beschreven wordt door dit model.

In proton-proton botsingen werden de correlatie tussen D 0 -D0 / D + -D -, zoals gemeten door de LHCb-collaboratie bij 7 TeV en de D * + -D * -correlaties bij 500 GeV gemeten door de STAR-collaboratie, redelijk goed voorspeld. Daarentegen werden de metingen van de azimutale correlatie van de D * met de geladen deeltjes door de STAR-collaboratie niet beschreven. Ook voor de proton-lood botsingen bij 5.02 TeV was er alleen een kwalitatieve beschrijving mogelijk van de gemeten azimutale correlatie.

Bij elkaar genomen laten de gemeten azimutale correlaties tussen D * + mesonen en geladen deeltjes vergeleken met de model voorspellingen zien dat er voor de modellen nog een hoop te verbeteren valt. In de toekomst zullen we met een verder verbeterde ALICE detector met veel hogere precisie de correlaties tussen D mesonen en geladen deeltjes alsmede direct de correlatie tussen de D en D mesonen kunnen meten. Vooral deze laatste meting zal het mogelijk maken om de theorie en de modellen veel directer te toetsen en hopelijk daarmee de productie van zware quarks in de verschillende botsingen beter te kunnen begrijpen.

Résumé

Le Grand collisionneur de hadrons du CERN-LHC permet l'accélération de protons et d'ions lourds à des énergies sans précédent. Les collisions d'ions lourds fournissent les conditions idéales (haute température et densité d'énergie) pour que la matière ordinaire subisse une transition de phase vers ce qu'on appelle le Quark-Gluon-Plasma (QGP). On pense qu'un tel état de la matière était présent dans notre Univers quelques microsecondes après le Big Bang. Les collisions dans des systèmes plus petits, comme proton-proton et proton-noyau, permettent d'étudier la chromodynamique quantique (QCD) et les effets de la matière nucléaire froide, et, en outre, de définir une référence solide pour les études des ions lourds.

Grâce à sa courte durée de vie, l'étude du QGP se fait au moyen de sondes. Pour cela, les quarks lourds sont parfaitement adaptés du fait qu'ils sont produits tôt dans la collision, au moment de la diffusion dure, et qu'ils peuvent assister à la pleine évolution du système tout en gardant leur identité. De plus, la production de quarks lourds dans des systèmes plus petits, tels que pp, p-Pb, permet de tester des calculs QCD perturbatifs et l'effet de la matière nucléaire froide, respectivement. L'objectif principal de cette thèse sera l'étude des mécanismes de production de charme via des mesures de corrélation. En effet, les corrélations sont un outil puissant pour étudier plusieurs questions de physique. Dans la collision pp via des études de corrélation D-h (et surtout D-D), il est possible d'étudier les mécanismes de production de charme (création de paires, séparation de gluons et excitation de saveur) et donc de poser de fortes contraintes sur les calculs QCD. En même temps, une référence pp solide est vitale pour les études Pb-Pb, où les corrélations entre les quarks lourds peuvent être utilisées pour étudier la perte d'énergie en moyenne des partons. En effet, plusieurs modèles théoriques prédisent que les mécanismes de perte d'énergie collisionnelle et radiative auront une empreinte différente sur la forme finale de la corrélation de charme, nous permettant d'évaluer leur contribution relative.

Dans le chapitre 1, le Quark-Gluon-Plasma et sa connexion avec l'Univers primitif ont été discutés. Des laboratoires sur Terre ont recréé une petite goutte de cet état de la matière via des collisions d'ions lourds, et plusieurs expériences ont partagé l'étude de ses propriétés et de son évolution en fonction de la température et de la densité baryonique pour constituer le diagramme de phase. Dans les accélérateurs, les signatures de la création du Quark-Gluon-Plasma ont été déduites et exploitées, telles que la suppression du quarkonium, le rayonnement thermique et l'amélioration de l'étrangeté. Les collisions d'ions lourds ont ensuite été traitées où les propriétés globales et les paramètres d'entrée ont été présentés puis les principales étapes et l'évolution des collisions de noyaux lourds ont été présentées. Après cela, les caractéristiques de base du modèle standard ont été présentées et expliquées 1 en mettant l'accent sur la classification des particules élémentaires et sur les forces responsables de leur interaction. La théorie des interactions fortes, la chromodynamique quantique, a été brièvement discutée avec une attention particulière sur le confinement des couleurs et la liberté asymptotique. Quelques résultats concerant la production des saveurs lourds pour différents systèmes et énergies de collision ont été présentés et discutés principalement à travers la présentation des sections efficaces de production différentielles dans les collisions pp et un focus sur les résultats du facteur de modification nucléaire pour les collisions p-noyau et noyau-noyau. Enfin, les analyses de corrélation ont été présentées et discutées du point de vue expérimental et théorique impliquant les contributions des processus de production de création de saveur, d'excitation de saveur et de séparation des gluons ainsi que l'importance du vent partonique avec la présence d'un milieu et comment il impacte sur le modèle de corrélation.

Au chapitre 2, une vue d'ensemble a été donnée sur le grand collisionneur de hadrons, son mode de fonctionnement, les principales expériences et leurs détecteurs, ainsi que leurs objectifs. Après cela, les détecteurs de l'éxperience ALICE ont été brièvement décrits. Une description détaillée a été donnée sur les détecteurs pertinents pour les analyses de corrélations D-hadrons : ITS, TPC, TOF. Grâce à l'ITS, les sommets primaires peuvent être reconstruits. Le TPC est le principal détecteur d'ALICE utilisé pour le suivi et l'identification des particules. Le TOF est également exploité pour identifier des particules.

Au chapitre 3, un échantillon représentatif des données analysées est présenté et les conclusions ont été généralisées pour les autres périodes. Avec ALICE et grâce aux caractéristiques des détecteurs TPC, TOF et ITS, il est possible de reconstituer les mésons D et autres particules, en plus de la capacité de les détecter et les identifier. Ceci est faisable en azimut complèt en φ et pour l'intervalle de pseudo-rapidité |η| < 0, 8.

Au chapitre 4, la stratégie adoptée pour analyser les données collectées dans les collisions pp à 13 TeV a été présentée pour obtenir les corrélations entièrement corrigées des mésons prompts D * + avec les particules chargées primaires. Les distributions intermédiaires résultantes ont été présentées en plus de l'estimation des incertitudes systématiques. Un aperçu est également donné sur les distributions moyennes de corrélations D-hadrons. Les mésons D ont été reconstruits dans l'intervalle 3 < p T < 16 GeV/c et les particules chargés associées dans l'intervalle p T > 0,3 GeV/c. Les distributions de corrélation pour le hadron D * + ou le hadron D moyen montrent une ligne de base plate qui dépend du p T des particules chargés associées reflétant les événements sous-jacents. Les distributions sont caractérisées par deux pics proéminents, l'un autour de ∆φ =0 (pic latéral proche) et l'autre autour de ∆φ = π (pic latéral éloigné) qui reflète le comportement de type jet pour les D mésons et leurs particules chargées associées. Au sein du PWG-HFCJ, les corrélations moyennes des mesons D et particules chargées ont été comparées aux distributions obtenues à partir de différents modèles basés sur différents traitements physiques. Les modèles décrivaient bien qualitativement les données et l'accord quantitatif a été établi avec PYTHIA8 et POWHEG+PYTHIA6 surtout à haut p T . Une stratégie d'analyse similaire a été appliquée dans les collisions pp à 8 TeV sans atteindre les étapes d'efficacité, de pureté et de correction d'alimentation B. Les distributions obtenues sont prometteuses d'autant qu'aucun traitement spécifique n'a été adapté pour faire face à la présence du déclencheur EMCal.

Au chapitre 5, nous avons appris que les saveurs lourdes sont générées dos à dos pour des énergies de l'ordre du GeV via la création de saveur. Pour des énergies de l'ordre du TeV, la division des gluons contribue efficacement bien qu'aucune procédure NLO n'ait été intégrée. En plus de cela, les paires avec des p T élevées sont principalement créées à des angles plus grands tandis que les paires avec des p T faibles sont générées même à des angles plus petits. Ensuite, il a été conclu que les corrélations des mésons sont le reflet des corrélations des quarks car le schéma cinématique est similaire entre le niveau des partons et le niveau des hadrons pour différentes échelles d'énergie. Après cela, nous avons vu que les ISR/FSR ont un effet non négligeable sur les corrélations car des saveurs moins lourdes ont été générées, ce qui a influencé le mécanisme de production, en particulier à des angles plus grands et plus petits. Ce n'était pas le cas pour le MPI dont l'absence minimisait le mécanisme de séparation des gluons. Quant à CR, l'impact n'était pas important sauf pour les mésons D et leur production à des angles plus petits.

Dans le chapitre 6, la "théorie de Gribov-Regge à base de parton" intégrée dans le générateur d'événements EPOS a été présentée, en plus d'autres processus mis en oeuvre comme les conditions initiales bien définies en plus des principes des échelles de partons, core-corona, évolution hydrodynamique et hadronisation. EPOS3 a également été couplé avec le package MC@sHQ pour simuler des saveurs lourdes qui est le sujet central de cette thèse. Dans ce cadre, plusieurs simulations de systèmes collisionnels (pp, pp, p-Pb) à différentes énergies (500 GeV et 7, 13, 1,96, 5,02 TeV) ont été réalisées afin d'extraire des prédictions comparables aux distributions mesurées à partir des expériences. Les distributions de corrélation des prédictions se sont avérées en accord qualitatif raisonnable avec les résultats expérimentaux. Sinon, aucune correspondance quantitative parfaite n'a été établie, ce qui dicte que davantage d'efforts sont nécessaires à la fois de la théorie et des expériences.

Dans la première partie du manuscrit, les résultats expérimentaux sur les corrélations azimutales entre les mésons D * + et les hadrons chargés sont discutés. Ces corrélations sont obtenues sur la base d'une analyse événement par événement dans les collisions proton-proton à √ s = 13 TeV avec le détecteur ALICE au LHC. Une stratégie d'analyse améliorée par rapport à celle en pp à 7 TeV, est appliquée. La différence réside dans le fait d'effectuer une correction pool par pool au lieu d'exploiter le pool intégré d'événements. La coupe topologique DCA XY appliquée sur les particules chargées associées était de 1 cm au lieu de 0,25 cm. Les mésons D * + ont été reconstruits via leur canal hadronique dans l'intervalle 3 < p T < 16 GeV/c. Les particules chargés associées ont été reconstruites avec un p T > 0,3 GeV/c. Les distributions sont corrigées de l'efficacité, de la contamination due à la présence de particules chargées secondaires, de la contribution du feed-down B et enfin, elles ont été normalisées au nombre de déclencheurs. Les distributions de corrélation finales ont montré le comportement attendu déjà observé à 7 TeV. Les distributions sont caractérisées par une ligne de base, un pic du côté proche autour de ∆φ = 0 et un pic du côté éloigné autour de ∆φ = π. Les deux pics sont proéminents à des p T plus grands. Ces observations suggèrent qu'un grand nombre de particules (jet), fortement corrélées à p T élevé, sont produites dans la même direction que les mésons D. En sens inverse, des particules sont produites mais faiblement corrélées entre elles. La ligne de base des distributions est le reflet de l'événement sous-jacent. Puisque les corrélations présentent le nombre de particules chargés associées à un méson D, il est raisonnable que la ligne de base dépend de p T des particules chargés associées. Ceci est confirmé par la comparaison entre 7 et 13 TeV. Les distributions à 13 TeV montrent une ligne de base un peu plus élevée par rapport à celles à 7 TeV. Cela peut s'expliquer par le fait que des multiplicités plus importantes sont atteintes à des énergies plus élevées. Abstract: Collisions of heavy-ions at ultra-relativistic speeds allow for the creation of a new state of matter where quarks and gluons are deconfined in the socalled Quark-Gluon Plasma (QGP). It is believed that such a state of matter was present in our Universe a few microseconds after the Big Bang. The QGP properties are studied by means of probes. Heavy quarks (charm and beauty) are among the most suitable probes since, due to their large masses, are produced early in the collision and therefore they witness the full evolution of the system while losing energy in the QGP via collisional and radiative processes. The measurements of heavy quarks production and of their azimuthal correlation with lighter particles in small systems (proton-proton and proton-ion collisions) constitute a stringent test of perturbative Quantum Chromodynamics (pQCD) and a mandatory reference for the heavy-ion measurements in order to disentangle cold and hot nuclear matter effects. In this manuscript, we investigate the azimuthal correlations of charmed mesons (D * , D 0 , D + ) with charged particles. The study is performed on real data and simulation for different collision energies. The proton-proton data used were collected by the ALICE Collaboration at CERN Large Hadron Collider while the simulation studies are performed with PYTHIA8 and EPOS3/EPOS@sHQ event generators. By means of correlation studies, we aim to shed light on the heavy-quarks production mechanisms setting constraints to pQCD calculations. At the same time, we build the necessary reference for future D mesons correlation studies in heavy-ion collisions targeted to investigate charm and beauty in medium energy loss.

F 1 . 1 :

 11 Example of the elementary constituents particles of Deuterium in the Standard Model.

F 1 . 2 :

 12 The components of the matter at di erent scales.

F 1 . 3 :

 13 

F 1 . 4 :

 14 The Standard Model of elementary particles + Gravity

F 1 . 6 :

 16 The QCD phase diagram.

F 1 . 8 :

 18 Top: Schematic presentation of the peripheral collisions of two heavy nuclei beams. The spectator nucleons are presented in white and the participants in colours. Bottom: Presentation of the reaction plane in peripheral heavy-ion collisions where the red almond shape presents the interaction zone.
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 19119 Chapter From the Big Bang to Correlations a central collision between two heavy-ion beams and its evolution with time from left to right[START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF]. Spacial-temporal evolution of a central heavy-ion collision.
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 110 Pseudorapidity density of charged particles per participant pair as a function of the collision energy for di erent systems (pp,pp, p-A, d-A, Pb-Pb, Au-Au)[START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF].
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 111 Space-time evolution of heavy-ion collisions with QGP (right) and without QGP (left). This strongly interacting matter or the QGP (see gure.1.11), expands and thermalises rapidly which causes a decrease in temperature till reaching the critical point (160 MeV) where hadronisation takes place. At this level, the hadron constitution is xed which is referred to as the chemical f reezeout with an associated temperature (T ch ) near the critical one. The comparison between statistical models and data in Pb-Pb collisions at √ s N N =2.76 TeV are in good agreement at baryochamical potential µ B ≈ 1 MeV and at T ch ≈ 156 MeV.

  AGS and in e + e -collisions at the Storage ring SPEAR in Stanford at the same time during the "November revolution"[START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF]. Similarly, the bottom quarks were discovered via the bound state bottomonium in the proton-nucleus at FNAL. The ndings on open charm and open bottom hadrons came later. The neutral and charged open-charm, for instance, were observed in their hadronic decay channel in the SLAC SPEAR storage ring. As for openbottom hadrons, they were observed through their semi-leptonic decay channel with the detectors CLEO and CUSB at the Cornell Electron Storage (CESR). The RHIC and LHC era has marked the role of open-charm and open-bottom as hard probes where higher energies of nucleus-nucleus collisions were reached. Before that, they were studied mainly in e + e -collisions via photoproduction and restricted by elementary particle physics only unlike heavy quarkonia which were studied and exploited extensively at the CERN SPS in xed-target heavy-ion collisions.
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 112 Example of 3 hard scattering processes of heavy avour production (a) Pair Production (b) Gluon Splitting (c) Flavour Excitation [25].

  GeV/c in a rapidity range 2 < y < 5 as represented in black solid line in the left panel of gure.1.13. The experimental cross-section was compared to the predictions from FONLL and more precisely the upper and the lower uncertainty limits represented by the 2 dashed red lines. An agreement is established between the predictions and measurements. For a better visualisation of the agreement, the p T range was narrowed to [0-12] GeV/c as presented in the right panel of gure.1.13. 
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 113 Left : B ± di erential production cross section in p-p collisions at 7 TeV with LHCb experiment (black solid line) versus the theoretical prediction from FONLL (red dashed line). Right : Same as the left plot but for a p T range up to 12 GeV/c [43]. Prompt charm was studied in p-p collisions with the LHCb detector at √ s = 5 TeV [44], 7 TeV [45] and 13 TeV [46] through the measurement of the di erential cross-section of open heavy avours represented by the D meson species D 0 / D0 , D ± , D * ± in di erent p T ranges and for the rapidity range 2 < y < 4.5. The comparison to the theoretical predictions from
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 1 14: p T -di erential cross-section of electrons coming from the decay of B mesons in pp collisions at 2.76 TeV with ALICE detector (black closed dots) versus theoretical predictions from FONLL (dashed green lines), GM-VFNS (blue dot-dashed lines) and k T factorisation (red dotted lines) [48]. ALICE Collaboration has studied charmed mesons in p-p collisions at 2.76 TeV [49] through the measurement of the p T -di erential production cross-section of prompt D 0 , D + and D * + in the kinematical range 1 < p T < 12 GeV/c and the rapidity range |y| < 0.5. The pQCD calculations describe qualitatively well the data ( gure.1.15). However, the Fixed-Order Next-to-Leading Logarithm FONLL [50] (GM-VFNS [51]) underestimates (overestimates) the data. GM-VFNS refers to the General Mass Variable Flavour Number Scheme which is a parton model based on NLO calculations with nite-mass e ects in order to improve the theoretical descriptions at low p T . While FONLL refers to the Fixed-Order Next-to-Leading Logarithm and it is based on the QCD calculations at the NLO matched with the resummation of all orders from the Next-to-Leading Logarithm NLL.

F 1 .

 1 15: p T -di erential production cross-section of the prompt mesons : D 0 , D + and D * + in p-p collisions at 2.76 TeV with ALICE detector (black squares) versus the theoretical calculations from FONLL (red squares) and GM-VFNS (blue squares) [49].

F 1 .

 1 16: p T -di erential production cross-section of the prompt mesons : D + s (left panel) and D * + (right panel) in p-p collisions at 7 TeV with ALICE detector (black squares) versus the theoretical predictions from GM-VFNS (blue dashed squares) and LO k T fact (green dashed squares) [54].

F 1 . 17 :

 117 Di erential production cross-section of D * ± (top) and D ± (bottom) as a function of |η| computed in p-p collisions at 7 TeV with ATLAS detector (black points) versus calculations from di erent theoretical calculations [56].

was established with PYTHIA down to 2

 2 GeV/c as shown in gure.1.19. At the Tevatron within CDF Collaboration, heavy avours were also analysed, precisely the heavy mesons D * + , D + and D 0 produced in pp collisions at 1960 GeV. The performed comparison of the inclusive cross-section obtained from the data versus the theoretical predictions shows a general agreement within the theoretical uncertainties band [59] [60].

F 1 . 18 :F 1 . 19 :

 118119 Top panel: The invariant cross-section of electrons from charm mesons and bottom mesons reconstructed within PHENIX collaboration (black points) versus FONLL predictions (dashed line). Middle panel: Ratio of data to FONLL for charm. Bottom panel: Ratio of data to FONLL for bottom [57]. Left: The production cross-section of cc deduced from D 0 , D * production in p-p collisions at 200 GeV with STAR detector (points) versus FONLL predictions (lines). Right: same as the left panel but versus PYTHIA predictions [58]. 1.4.2 Heavy avour production in proton-Nucleus collisions Concerning heavy avour in p-nucleus collisions, several studies were performed in different collaborations. With ALICE detector, heavy avour mesons were studied and the cross-section was computed in p-Pb collisions at 5.02 TeV at mid-rapidity in the p T range 1 < p T < 24 GeV/c for the mesons D 0 , D + , D * + and in the p T range 2 < p T < 12 GeV/c for the meson D + s [61]. The obtained distributions for the cross-section are presented in gure.1.20 for the mesons D * + (top left), D + (top right), D 0 (bottom left), D + s (bottom right) presented in red lled diamonds and compared to the scaled cross-section obtained in p-p collisions at 7 TeV (blue lled squares).

F 1 .

 1 20: p T -di erential production cross-section of D * + (top left), D + (top right), D 0 (bottom left), D + s (bottom right) in the rapidity range -0.96 < y cm < 0.04 in p-Pb collisions at 5.02 TeV (red lled diamond) versus the scaled p T -di erential cross-section in p-p collisions at 7 TeV with ALICE detector [61].

F 1 . 21 :

 121 Left : Nuclear modi cation factor R pP b of D 0 (red circles), D + (green squares) and D * + (blue triangles) as a function of p T in the rapidity range -0.96 < y cms < 0.04. Right : Nuclear modi cation factor R pP b of the average D 0 , D + , D * + (black squares) and of D + s (orange crosses) [61].

F 1 . 22 :

 122 Nuclear modi cation factor R pP b as a function of p T in p-Pb collisions at 5.02 TeV with ALICE detector for the average D 0 , D + , D * + ( lled black squares) and D 0 (empty squares) versus predictions from different theoretical approaches : CGC (dashed blue line), pQCD NLO (triple red lines), Vitev et al (dashed green line), Kang et al (maroon thick line), Duke (dot-dashed blue thin line), POWLANG-HTL (dot-dashed pink line)

Figure. 1 .

 1 Figure.1.24 presents the calculated nuclear modi cation factor R pP b of both prompt J/ψ (left) and non-prompt J/ψ (right) with LHCb detector in p-Pb collisions at √ s N N = 5 TeV as a function of the rapidity y compared to di erent theoretical predictions including cold

F 1 .F 1 . 24 :

 1124 23: p T -di erential production cross-section in forward rapidity (left plot) and backward rapidity (right plot) for prompt J/ψ (black squares) and non-prompt J/ψ (red squares) in p-Pb collisions at √ s N N = 5 TeV with LHCb detector [63]. Nuclear modi cation factor R pP b as a function of the rapidity in the range p T < 14 GeV/c for prompt J/ψ (left) and non-prompt J/ψ (right) in p-Pb collisions at √ s N N = 5 TeV with LHCb detector versus the theoretical predictions : EPS09 LO (maroon band), EPS09 NLO (cyan band), nDSg LO (dashed orange line), E. loss (solid green line), E. loss + EPS09 NLO (dot-dashed purple line) [63]. The CMS Collaboration also has deduced the p T -di erential production cross-section of B mesons and the associated nuclear modi cation factor in p-Pb collisions at √ s N N = 5.02 TeV [64] in a transverse momentum range 10 < p T < 60 GeV/c and rapidity |y lab | < 2.4 as presented in gure.1.25 and gure.1.26, respectively.

F 1 .F 1 . 26 :

 1126 25: p T di erential production cross-section (black squares) of B + mesons (left), B 0 mesons (middle), B 0 s (right) in the rapidity range |y| < 2.4 versus the theoretical predictions from FONLL (solid blue line) in p-Pb collisions at √ s N N = 5.02 TeV with CMS detector [64]. Nuclear modi cation factor R pP b of B + (left), B 0 (middle), B 0 s (right) as a function of the transverse momentum versus predictions from FONLL (black squares) [64].

F 1 . 27 :F 1 . 28 :

 127128 Top row : y-di erential production cross-section of inclusive J/ψ and prompt J/ψ (left column) and R AA (right column) of prompt J/ψ as a function of the rapidity y in Pb-Pb and p-p collisions at 2.76 TeV. Middle row : di erential production cross-section (left column) and R AA (right column) as a function of N part . Bottom row : Di erential production cross-section (left column) and nuclear modi cation factor R AA (right column) of nonprompt J/ψ as a function of N part [65]. Left column : Di erential production cross-section of Υ(1S) in Pb-Pb and p-p collisions at 2.76 TeV as a function of the transverse momentum p T (top row), as a function of the rapidity y (middle row) and the Number of participating nucleons N part (bottom row). Right column : Nuclear modi cation factor R AA as a function of p T (top row), y (middle row)
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 66 in Pb-Pb collisions at √ s N N = 5.02 TeV. D 0 mesons were reconstructed in the rapidity range |y| < 1 and the transverse momentum range 2 < p T < 100 GeV/c. It was found that the computed p T -di erential production cross-section of D 0 in p-p collisions at 5.02 TeV is in agreement within uncertainties with the predictions from FONLL and GM-VFNS as presented in the left panel of gure.1.29. A comparison was performed between the p T -di erential production cross-section of D 0 mesons in pp collisions at 5.02 TeV and the one obtained in Pb-Pb collisions at the same energy for the centrality classes 0-100% and 0-10% as displayed in the right panel of gure.1.29.

F 1 . 29 :

 129 Left panel: p T -di erential production cross-section of D 0 mesons in pp collisions at 5.02 TeV (black lled circles) versus theoretical predictions from FONLL calculations (orange) and GM-VFNS (green). Right panel: p T -di erential production cross-section of D 0 mesons in pp collisions at 5.02 TeV (black circles) versus the scaled number of particles measured in minimum bias (0-100%) (red squares) versus the one scaled and measured in 0-10% most central collisions (blue diamonds) [66]. The extracted nuclear modi cation factor R AA is presented in gure.1.30 for the centrality classes 0-100% in the left panel and 0-10% in the right panel. A comparison with respect to several models was performed. It is clear that the theoretical predictions reproduce the behaviour of the R AA from CMS within uncertainties for intermediate p T (10-40 GeV/c) for both centrality classes. For p T < 10 GeV/c, PHSD predictions, that integrate shadowing and only collisional energy loss and adapt Boltzmann approach as a transport model, describe reasonably the data. As for the model based on Langevin calculations, it predicts more suppression compared to data. For p T > 40 GeV/c, perturbative QCD-base models (labeled as M. Djordjevic, CUJET 3.0, I. Vitev) reproduce the data behaviour within uncertainties.

F 1 . 30 :

 130 Nuclear modi cation factor R AA of D 0 mesons as a function of p T in Pb-Pb collisions at √ s N N = 5.02 TeV (green squares) in minimum bias 0-100% central collisions (left panel) and 0-10% most central collisions (right panel) versus di erent theoretical predictions [66].

F 1 .

 1 31: Left : Nuclear modi cation factor R AA of D + s mesons as a function of p T in Pb-Pb collisions at √ s N N = 2.76 TeV with ALICE detector for 0-10% most central collisions (red lled crosses) and semi-peripheral collisions with 20-50% centrality (green lled diamonds). Right : Nuclear modi cation factor R AA of D mesons : Average D 0 , D + , D * + (closed black circles) and D + s (red lled crosses) in the 0-10% most central Pb-Pb collisions at √ s N N = 2.76 TeV versus theoretical prediction from TAMU for Nonstrange D mesons (black solid line) and D + s (solid orange line) [67].

F 1 .

 1 32: Left: Total production cross-section of cc pairs as a function of the energy √ s. Right: Mid-rapidity production cross-section of b b pairs as a function of the energy √ s [68].

  relations of D D were studied as a function of ∆φ for di erent initial transverse momentum values and di erent values of the drag coe cient. The correspondent distributions obtained in Au-Au collisions for √ s N N = 200 GeV are displayed in gure.1.33. The left and right columns present the distributions for the initial temperatures 300 MeV and 700 MeV, respectively. While the top and bottom rows present the distributions for di erent initial transverse momentum and di erent drag coe cients, respectively. For di erent p T values, one can see clearly that the distributions are more peaked toward ∆φ = π when p T gets larger. At low p T , no correlation behaviour is observed. In the case of di erent drag coefcient values, the distributions are more peaked around ∆φ = π for small drag coe cient values and the correlations are washed out when this coe cient gets larger. These observations can be explained by the fact that the absence of correlations might be a sign of the interaction of heavy avour with the QGP created in Au-Au collisions which is a feature favoured at low p T and large drag coe cient.

F 1 . 33 :

 133 D D correlation distribution as a function of ∆φ for the temperature T 0 = 300 MeV (a, c) and T 0 = 700 MeV (b, d) for di erent initial transverse momentum (top row) and drag coe cients (bottom row)[START_REF] Zhu | D D Correlations as a Sensitive Probe for Thermalization in High Energy Nuclear Collisions[END_REF].

  QGP formation -was studied via D D correlations obtained at RHIC energies in Au-Au collisions at √ s N N = 200 GeV and LHC energies in Pb-Pb collisions at √ s N N = 5500 GeV as presented in gure.1.34. These distributions were obtained for di erent drag coe cients a with the unit [10 -6 (fm/c) -1 MeV -2 ]. At RHIC, 340 MeV and 0.6 fm/c were taken as initial temperature T 0 and thermalization time τ 0 while at LHC, the values 610 MeV and 0.3 fm/c were considered, respectively. According to the gure.1.34, correlations at RHIC energies are washed out when the drag coe cient is large enough. The large value of the drag coe cient here re ects the strong interaction with the created medium. The opposite is observed at LHC energies i.e. for large drag coe cients, correlations are getting more important speci cally on the near side. These observations can be interpreted by the quick thermalization of heavy avour within the QGP and their movement in the same direction as the partonic wind.

F 1 . 34 :

 134 D D correlations as a function of ∆φ in Au-Au collisions at √ s N N = 200 GeV/c (left) and Pb-Pb collisions at √ s N N = 5500 GeV/c (right) for di erent drag coe cient values [74]. Important conclusions were extracted from another theoretical study [75] and the concerned distributions are displayed in gure.1.35. The left plot presents the angular correlations between cc pairs simulated using the LO pQCD in the 0-10% most central Au-Au collisions at 200 GeV. The red solid line presents the distribution for collisional and radiative energy loss. The dotted blue curve presents the collisional case only, the dashed purple line presents the collisional energy loss only where the longitudinal and transverse transport coe cients (k L and k T ) are velocity dependent, the yellow dotted-dashed line presents the collisional case only but without ow, while the green dashed line presents the distribution for radiative energy loss only. These distributions are obtained for di erent values of the di usion coe cient adjusted according to the considered energy loss mechanism.

F 1 . 35 :

 135 Left: cc angular correlations in Au-Au collisions at 200 GeV in the centrality class 0-10% as a function of ∆φ for di erent energy loss mechanisms. Right: D -D angular correlations obtained from PYTHIA in p-p collisions at 200 GeV as a function of ∆φ for di erent p T thresholds on the triggers and the associated particles [75]. The right plot of gure.1.35 presents the D D angular correlations obtained in p-p collisions at 200 GeV in the cases : no p T cut (dotted-dashed black line), p T,trig > 2 GeV/c (red solid line), p T,trig > 4 GeV/c, p T,asso > 2 GeV/c (dotted blue lines) and p T,trig > 8 GeV/c,
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 136 Normalised D-h azimuthal correlations as a function of ∆φ of the correlated pairs number (a) and correlated pairs energy (b)[START_REF] Cao | Heavy and light hadron production and D-hadron correlation in relativistic heavy-ion collisions[END_REF].
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 137 ∆φ distributions of b-tagged jets in p-p collisions from CMS experiment (solid points) and from PYTHIA 6 simulations (histograms) of the 3 production processes of heavy avour[START_REF]Transverse momentum balance of b-jet pairs in pp and PbPb collisions at √ S N N = 5.02 TeV[END_REF].

F 1 . 38 :

 138 Azimuthal correlation distributions for C C events in protonproton collisions at 7 TeV with LHCb experiment. Left: D 0 D0 (red circles), D 0 D -(blue squares), D 0 D 0 s (pink triangles), D 0 Λ - c (cyan triangles). Right : D + D -(blue squares), D + D - s (pink triangles), D + Λ - c (cyan triangles) [79].

F 1 . 39 :

 139 Normalized di erential production cross section of b b correlations in p-p collisions at 7 TeV as a function of |∆Φ * | with LHCb detector (black points) versus predictions from POWHEG (cross-hatched yellow area) and PYTHIA (green area) in addition to the production of uncorrelated b b (dashed magneta line) and statistical uncertainties are presented by error bars [80].

Figure. 1 . 40 shows

 140 the obtained B B correlation di erential production cross-section as a function of the opening angle ∆φ for three di erent p T thresholds on the jet. The distributions show similar behaviour for the 3 thresholds. The produced jets with smaller opening angles are a bit larger in magnitude in comparison to jets produced at larger opening angles which indicates that gluon splitting is important production mechanism at this energy scale at the LHC. PYTHIA simulations reproduce the shape of the experimental distributions but underestimate them at smaller angles.

F 1 .

 1 40: B B di erential production cross-section as a function of the opening angle ∆φ in p-p collisions at 7 TeV with CMS detector (black lled/empty squares/ black circles) versus PYTHIA simulations (green area) [81]. At CDF collaboration, di erent combinations were considered to study correlations. Figure.1.41 presents in the left panel the cross-section of D 0 -D * -correlations and in the right panel the cross-section of D + -D * -correlations and both were computed in pp collisions at 1.96 TeV. The data are presented in black points while the black solid lines refer to the cross-section of correlations from PYTHIA simulations where the contribution of avour creation, avour excitation and gluon splitting are displayed in red, green and blue dashed lines, respectively. The D mesons were considered in the rapidity range |y| < 1 and in the transverse momentum ranges 5.5 < p T (D 0 ) < 20 GeV/c, 5.5 < p T (D * -) < 20 GeV/c, 7 < p T (D + ) < 20 GeV/c. There is no agreement between the predictions from PYTHIA and the experimental data from CDF.

F 1 . 41 :

 141 The cross-section of D 0 D * -correlations (left) and D + D * - correlations (right) in pp collisions at 1.96 TeV with CDF experiment at the Tevatron (black points) versus the theoretical predictions from PYTHIA (black solid line) with the contribution of the production mechanisms : avour creation (red dashed line), avour excitation (green dashed line) and gluon splitting (blue dashed line) [82]. Correlations were also studied in STAR collaboration by considering the combinations D * + -D * -within the transverse momentum range 2.5 < p T (D * ) < 20 GeV/c, as well as the combinations hadron-hadron and D * -hadron within the transverse momentum intervals 8 < p T rig T (D/h) < 20 GeV/c and p assoc T (h) > 0.5 GeV/c. The considered pseudo-rapidity range was |η| < 1.

F 1 . 42 :

 142 Left : D * -hadron correlations (red points) and hadron-hadron correlations (blue points) in p-p collisions at 500 GeV versus predictions from PYTHIA 8.1 of D * -h (red shaded area) and h-h (blue shaded area). Right : D * + -D * -correlations in pp collisions at 500 GeV (red points)[START_REF] Ma For The | Measurement of D * -meson triggered correlations in p+p collisions at RHIC[END_REF].

Figure. 1 .

 1 Figure.1.42 presents the preliminary results from the STAR experiment where the left panel shows correlations of D * -h (red points) and h-h correlations (blue squares) compared to the predictions from PYTHIA 8.1 tuned to STAR: D * -h (red shaded area) and h-h correlations (blue shaded area). The away-side peak from D * -h matches the one from h-h, unlike the near-side peak. Otherwise, an agreement is established between PYTHIA8.1 and the
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 143 Two particle correlations in p-p collisions at 13 TeV with AT-LAS detector for 0 < N rec ch < 20 (left) and N rec ch > 120 (right)[START_REF]Observation of long-range elliptic azimuthal anisotropies in √ s =13 and 2.76 TeV pp collisions with the ATLAS detector[END_REF].

  Between 2010 and 2013 (Run I), the LHC reached a center of mass energy of 8 TeV in proton-proton collisions, 5.02 TeV in p-Pb collisions, and 2.76 TeV per nucleon-nucleon pair in Pb-Pb collisions. From 2015 (Run II), the achieved energy per nucleon-nucleon pair was 13 TeV in pp collisions and 5 TeV in Pb-Pb collisions. In this thesis, the correlation analyses are performed by exploiting the data collected in the central barrel of the ALICE detector at the LHC in pp collisions at 13 TeV.
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 21 Layout of the Large Hadron Collider facility at CERN[START_REF]The CERN accelerator complex Complexe des accélérateurs du CERN[END_REF]. See text for details.Soon, the packets of protons will be energised su ciently to be launched into the orbit of the gigantic Large Hadron Collider (LHC), which is a 27 km circumference underground tunnel of depth 50-175 m on the border between France and Switzerland. It consists of two adjacent beam pipes parallel to each other where two proton beams can travel in opposite directions (one clockwise and the other one anti-clockwise). Ultra sophisticated kickers are used to synchronise the incoming packets with those circulating already. The SPS injects protons for half an hour. During this time, the LHC adds extra energy to each proton whose velocity is so near to the speed of light that it goes around the 27 kilometers ring over 11.000 times each second.
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 22 Layout of the ALICE detector[START_REF]The ALICE experiment at the CERN LHC[END_REF].

  The other main part of the ALICE detector is the central barrel. The central barrel is embedded in a magnetic eld of 0.5 Tesla created by the large solenoid L3 magnet inherited from the LEP experiment. The central barrel covers a polar angle from 45 • up to 135 • . Most sub-detectors from the central barrel cover the full azimuth (except HMPID, PHOS, and EMCal). From inside to outside, the build-up detectors in the central barrel are as follows. The Inner Tracking System (ITS) is composed of 6 layers of silicon: two layers of Silicon Pixel Detectors (SPD), two layers of Silicon Drift Detectors (SDD), and two layers of Silicon Strip Detectors (SSD). The principal role of the ITS, in a standalone status, is to identify particles by measuring dE/dx at low p T in addition to tracking and vertexing. The Time Projection Chamber (TPC) is a cylindrical-shaped detector exploited for Particle Identi cation by measuring the energy loss dE/dx. The Time Of Flight (TOF) and a High Momentum Particle Identi cation Detector (HMPID) are used for particle identi cation at high p T , the Transition Radiation Detector (TRD) is exploited for electron identi cation.

F 2 . 3 :

 23 Layout of the ALICE Inner Tracking System.

(

  PID) at low p T . Precisely, the ITS main role is to nd the primary vertex where the collisions take place (or Interaction Point), as well as the secondary vertices where short-lived particles coming from the Interaction Point (IP) will decay. The ITS has a standalone capability to participate in Particle Identi cation at low transverse momentum. The analogy between the four outer layers readout could provide a measurement of the deposited charge; consequently, Particle Identi cation is possible through the measure of the ionisation energy loss dE/dx in the non-relativistic region at very low p T .The ionisation energy loss is determined by computing the path length from the parameters of the reconstructed track while the energy is measured from the cluster charge and then normalised to the path length.

Figure. 2 .

 2 Figure.2.4 presents an example of the ionisation energy loss in Pb-Pb collisions at 2.76 TeV as a function of the momentum in the ITS (standalone case).

F 2 . 4 :

 24 Speci c ionisation energy loss measured by the ALICE Inner Tracking System in Pb-Pb collisions at √ s N N =2.76 TeV.

F 2 . 5 :

 25 Layout of the ALICE Time Projection Chamber.

Figure. 2 .

 2 [START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF] shows an example of the speci c energy loss dE/dx as a function of the particle momentum in the TPC in Pb-Pb collisions at 2.76 TeV. There is a clear separation between the di erent particle species.

F 2 . 6 :

 26 Speci c ionisation energy loss measured by the ALICE Time Projection Chamber in Pb-Pb collisions at √ s N N = 2.76 TeV.

  Time-Of-Flight (TOF) is a large array of Multigap Resistive Plate Chambers (MRPC) that covers a pseudo-rapidity range |η| < 0.9 which is equivalent to a cylindrical surface with a polar acceptance |θ -90 • | < 45 • . It consists of 18 sectors in azimuthal coordinates and ve segments in the beam direction (or z). The internal (external) radius is about 370 cm (399 cm). The layout of the TOF is displayed in Figure.2.7.

F 2 . 7 :

 27 Layout of the ALICE Time-Of-ight DetectorThe TOF is another cylindrical detector used for Particle Identi cation in ALICE at intermediate p T , up to 2.5 and 4 GeV/c for π, K, and p, respectively. A separation of better than 3 σ is achieved for π/K and K/p. The tracks in the TOF are matched with those in the ITS and the TPC in order to reconstruct tracks, vertices and to perform the Particle Identi cation (PID).

Figure. 2 .

 2 8 shows an example of the particle identi cation with the TOF in Pb-Pb collisions at 2.76 TeV. This gure presents the measured velocity of particles β as a function of the momentum where the separation between the particles (p, K, π, d, and electrons) is possible.

F 2 . 8 :

 28 Velocity of particles as a function of the momentum measured with the ALICE Time-Of-Flight detector in Pb-Pb collisions at √ s N N = 2.76

F 3 . 1 :

 31 Number of selected events (left) and fraction of selected events (right) per trigger.

F 3 . 2 :

 32 Number of all events (left) and selected events (right) as a function of the vertex type.The distributions of the x-vertex, y-vertex, and z-vertex are presented in gure.3.3, gure.3.4 and gure.3.5, respectively. In each gure, the left panel corresponds to the distribution for all events, and the right panel corresponds to the distribution after applying the selection criteria. The right plot is the most relevant because it provides information on how the selection criteria impact the initial distribution of the vertex and the abundance of events for the di erent directions. The vertices distributions in the x and y directions are ne. The z-axis distribution is also ne, although it goes beyond 10 cm which is one of the selection criteria since it was not included in the cut le then the distribution is ne.

F 3 .

 3 3: x-vertex distributions in the period LHC16k_pass1 F 3.4: y-vertex distributions in the period LHC16k_pass1 F 3.5: z-vertex distributions in the period LHC16k_pass1

F 3 . 6 :

 36 Multiplicity distribution of the period LHC16k_pass1

F 3 . 7 :

 37 Impact parameter distributions of AOD tracks for di erent congurations : kITSre t + SPD inner (dark green), kITSre t + SPD any (blue), TPC+ITS cuts + SPD any (light green), Filter Bit 4 (red).

F 3 . 8 :

 38 Distribution of tracks with N SPD points for AOD tracks (left) and selected tracks (right) More globally, other characteristic distributions can be obtained as well concerning the ITS layers. For example, the distribution of AOD tracks with a point in one of the layers of the ITS is presented in the left panel of gure.3.9. The correspondent distribution for selected tracks with a point in the ITS layers is displayed in the right panel of gure.3.9. All six layers of the ITS can detect tracks passing by. Otherwise, the number of tracks with n point for some layers is reduced considerably compared to the others. This is probably due to the selection criteria or even the detection capability of the concerned layer.

F 3 . 9 :

 39 Number of tracks with N point in ITS layers (left) and number of selected tracks with N point in ITS layers (right) The transverse momentum distributions are also obtained in the period LHC16k_pass1 for all tracks and daughter tracks as presented in gure.3.10 in the left and right panels, respectively. Both distributions show the ordinary behaviour of a p T -spectrum where the number of produced particles is large at low p T , and it gets smaller with increasing p T . F 3.10: Transverse momentum distributions in the period LHC16k_pass1 for all tracks (left) and for daughter tracks (right). The φ and η distributions of the tracks are presented in gure.3.11. The left panel shows the distribution for all tracks and the right one for the daughter tracks. The left distribution is limited in statistics (up to η = 1). This is the consequence of the selection cut applied on the pseudo-rapidity (|η| < 0.9) for the tracks. Concerning the φ direction, no cut was applied besides the TPC detector covers the full azimuth. The daughter distribution is limited to η = ± 0.8 due to the selection criteria on the kaons and the pions. The low statistics around 2.2-2.3, 4, and 5 rad is due to the SPD dead pixels in this φ range.

F 3 . 11 :

 311 Distributions of all tracks (left) and daughters (right) as a function of φ and η.

  3.12), the full acceptance along φ is visible, but the statistics are low in some φ regions, for example around φ = 3, which is clearer in the 2-dimensional distribution in the left panel of gure.3.11. The inhomogeneities are more prominent in the daughter tracks distribution (right panel of gure.3.12) and re ecting the low statistics around φ ≈ 2 in the 2-dimensional distribution.
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 312 Distributions of AOD tracks (left) and daughters (right) as a function of φ.

F 3 . 13 :

 313 Distributions of AOD tracks (left) and daughters (right) as a function of η.

F 3 .

 3 Figure.3.16 presents the measured time of ight of particles subtracted from the hypothesis time and normalised to sigma as a function of the momentum for the considered particles:

F 3 . 16 :

 316 Measured Time of Flight -hypothesis time normalised by sigma for protons (top left), pions(top right), kaons (bottom) for the period LHC16k_pass1 in p-p collisions at 13 TeV.

1 . 2 .

 12 cles, the e ciency corrections for both D * + and associated tracks, background subtraction, correction for the purity due to secondary tracks contamination and nally subtraction of the B feed-down contribution to get the distributions of azimuthal correlations between prompt D * + -primary charged particles. Reconstruction of D mesons In this work, D * + mesons are correlated with charged particles. Consequently, the rst step is to reconstruct the D * + candidates. This can be done via the hadronic decay channel: D * + → D 0 π (BR ∼ 67.7 %) → (Kπ)π (BR ∼ 2.62 %) i.e. a pion (soft pion) is combined with the D 0 candidate, which in turn is reconstructed by combining two tracks with opposite charges (supposed to be a pion and a kaon). The pions and kaons are identi ed with the TPC and TOF (plus the ITS for kaons). This step results in the invariant mass of the D * + mesons reconstructed in the transverse momentum range 3 < p T < 16 GeV/c. The mass di erence M(Kππ)-M(Kπ) is exploited instead of the ordinary spectrum M(Kππ) because of the resolution e ects of the D 0 that cancels partially resulting in a narrower peak. Moreover, the D * + signal, in the mass di erence, sits close to the end phase space for the combinatorial background. Therefore, it ensures a high value of the signal-over-background (S/B). Reconstruction of associated tracks After reconstructing D * + mesons, which we refer to as the trigger particles, each of them is correlated with charged particles (associated tracks). The second step then in this analysis strategy is the reconstruction of associated tracks. The contribution from the daughters of the trigger particles is removed. Those charged particles are reconstructed in the pseudo-rapidity range |η| < 0.8 with a transverse momentum range p T (assoc) > 0.3 GeV/c.

4 . 5 . 6 . 7 .

 4567 E ciency correction for D * + and associated tracks. The e ciency distribution corresponds to the fraction of the reconstructed number of particles to the generated one as a function of the transverse momentum and the multiplicity for D mesons. For the associated tracks, the vertex in the z-direction and the rapidity y are considered in addition to the transverse momentum p T . At this step of the analysis, the invariant mass spectra are weighted by the inverse of the D * + e ciency distribution. For the single events and mixing events, on the other side, they are weighted by the inverse of the product of D * + and associated tracks e ciencies. Projection on ∆φ. The single event distributions are scaled by the mixing event distributions in the considered transverse momentum ranges and for both signal and sideband regions. The signal region lies within ±2σ from the peak position (or the mean) while the sideband region is considered in the range[START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF]σ on the right side from the peak position. The distributions obtained in the sideband region are scaled to those in the signal region. The scaling exploits a factor extracted from the t of the D * + invariant mass spectra. Once the corrected single event distributions (signal and sideband) are obtained, the projection is performed along ∆φ. Background subtraction. The previous step resulted in two ∆φ distributions, D(signal)hadron and D(sideband)-hadron correlation distributions. Background subtraction is done with the scaled correlation distribution obtained in the sideband region from the one obtained in the signal region. After that, normalisation to the number of triggers (number of D * + in the peak region) is done. Correction for the secondary tracks contamination. In these analyses, we are interested in the correlations of D * + with charged tracks only coming from the primary vertex. To reject the secondary charged tracks, we take advantage of a Monte
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 21 * + mesons reconstruction • Topological cuts The reconstruction of D * + decay topology is not possible via three charged tracks because the decay is strong .i.e too fast. Therefore, D * + mesons are reconstructed by the combination of soft pion and a D 0 . In turn, D 0 is reconstructed by combining two charged tracks with opposite charges (K and π) to get the displaced primary and secondary vertices to rebuild the topology decay of D 0 , as displayed in the gure.4.1.
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 41 D 0 decay topology On this principle, one can have up to 16 parameters or what is called topological cuts that are p T dependent. Those parameters are explained in the following: 1. D 0 invariant mass M(Kπ), is an upper cut applied on the mass range of D 0 in order to have the combined mass of K and π within the expected range of D 0 mass.

10 .

 10 Half width of D * + invariant mass an upper cut applied on the window of the peak in the D * + invariant mass. 11. Half width of M(Kππ)-M(Kπ) an upper cut applied on the window of the peak in the M(Kππ)-M(Kπ) invariant mass spectra.

15 .

 15 |cosT hetaP ointXY | is the cosine of the angle θ point in the XY plane. This cut is more sensitive in Pb-Pb collisions. 16. NormDecayLenghtXY represents the decay length in the XY plane, and it is also more sensitive in Pb-Pb collisions. The values of the topological cuts -exploited to reconstruct D * mesons in the considered kinematical range in pp collisions at 13 TeV -are summarised in Table.B.2 in the Appendix.B. In addition to the 16 parameters, some additional selection criteria are applied on the D * + candidates (the daughters of D * + ) and they are summarised in Table.B.1 in the Appendix.B. • E ciency correction for D * + : The detectors are not perfect. Consequently, the number of measured (detected) D * + is not the number of the produced D * + . A Monte Carlo (MC) sample (LHC17c3a1 and LHC17c3a2) is exploited to obtain the e ciency distribution to correct for this e ect. The e ciency is nothing but the ratio Reco(M C)/Gen(M C) where Reco(M C) symbolizes the reconstructed D * + mesons hypothetically with similar kinematics as in data while Gen(M C) stands for the generated D * + mesons within a determined acceptance. An example of a D * + e ciency distribution is presented in Figure.4.2. The top left plot presents the e ciency distribution of prompt D * + as a function of p T and multiplicity while the top right plot shows the e ciency as a function of p T only. The bottom left plot presents the e ciency of D * from B feed-down as a function of p T and multiplicity, and the bottom right plot is the e ciency distribution as a function of p T only. For both distributions (prompt and B feed-down), one can notice that the e ciency × Acc is getting larger with increasing transverse momentum and the increase gets slow at high p T bins. The e ciency does not show an important dependence as a function of the multiplicity.
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 42 E ciency x acceptance distributions versus the transverse momentum and the multiplicity obtained in minimum bias p-p collisions at 13 TeV for c → D * + (top left), c → D * + as a function of p T only (top right), b → D * + (bottom left) and b → D * + as a function of p T only (bottom right). The correction at this step is performed by weighting the invariant mass spectra, single and mixed events distributions by the inverse of the e ciency. Within the next sections, only the obtained distributions with e ciency correction are presented. • Invariant mass spectra: D * + mesons are reconstructed by combining three tracks to obtain the invariant mass spectra M(Kππ)-M(Kπ). The signal or the peak representing the D * + is expected to be at 145.42 MeV/c 2 . 3 up to 16 GeV/c is the considered kinematical range to reconstruct the D * + . The obtained invariant mass spectra at low p T (3 < p T < 5 GeV/c), intermediate p T (5 < p T < 8 GeV/c) and high p T (8 < p T < 16 GeV/c), are presented in gure.4.3, gure.4.4, gure.4.5, respectively. To obtain the number of triggers (D * + ) in the peak region for the considered p T ranges, the invariant mass spectra of the D * + is supposed to be a sum of two spectra, the rst is the signal represented by the peak and the second is the background represented by the threshold function convoluted with an exponential. The signal and background distributions are expressed by the equations.4.3 and 4.4, respectively.

  tions. From the t and for each p T range, the values of the constants Y D , µ, σ, a and b are obtained, and they symbolize respectively the number of triggers, the peak position (mean), the width of the peak and the background parametrisation. In this procedure, the parameters a and b are determined rst by tting the background only (presented by the red line in the invariant mass spectra gure.4.3, gure.4.4, gure.4.5). After that, the constants a and b are xed and a t is performed for the whole mass spectra (presented in blue line in the invariant mass spectra gure.4.3, gure.4.4, gure.4.5
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 43 Invariant mass spectra ∆M = M(Kππ)-M(Kπ) in the ranges 3 < p T < 4 GeV/c (left) 4 < p T < 5 GeV/c (right) in minimum bias p-p collisions at √ s =13 TeV.
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 44 Invariant mass spectra ∆M = M(Kππ)-M(Kπ) in the ranges 5 < p T < 6 GeV/c (left), 6 < p T < 7 GeV/c (middle), 7 < p T < 8 GeV/c (right) in minimum bias p-p collisions at √ s =13 TeV.
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 45 Invariant mass spectra ∆M = M(Kππ)-M(Kπ) in the ranges 8 < p T < 10 GeV/c (left), 10 < p T < 12 GeV/c (middle), 12 < p T < 16GeV/c (right) in minimum bias p-p collisions at √ s =13 TeV.
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 46 E ciency x Acceptance distribution of the associated tracks, versus p T , rapidity (y) and Z vertex (top left), vs p T only (bottom left). Rebinned distribution vs p T , rapidity (y) and Z vertex (top right) and the rebinned distribution vs p T only (bottom right). The associated tracks e ciency is dependent on the transverse momentum (p T ), the rapidity (y), and the vertex position of the tracks in Z direction (Z vtx ). The top left plot of gure.4.6 presents the e ciency distribution as a function of p T , y, Z vtx . The bottom left plot is the e ciency distribution projected on p T . The right column (top and bottom plots) are similar to those on the left but they have been rebinned. The e ciency shows a p T dependence at low and intermediate p T . At high p T , the distribution is stable where a plateau is formed, down to 8 GeV/c.

  The mixing event distribution is at in ∆φ. It re ects the full acceptance of the detectors (ITS, TPC, and TOF) in azimuth. Concerning the triangular shape in ∆η, it is the consequence of the pseudo-rapidity acceptance of ALICE detector which is |η| < 0.8. The mixing event distributions are already normalised to the central bin (∆φ,∆η)=(0,0). The central bin is exploited because the D * + mesons and the charged hadrons undergo the same e ects.
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 47 Top row: Single events distribution (left), mixing event distribution (middle), corrected single event distribution (right) in the signal region. Bottom row: Single events distribution (left), mixing event distribution (middle), corrected single event distribution (right) in the sideband region. The distributions are obtained for pool number 5 in the range 3 < p T < 5 GeV/c.
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 48 Same as gure 4.7 for the range 5 < p T < 8 GeV/c.

F 4 . 9 :

 49 Same as gure 4.7 for the range 8 < p T < 16 GeV/c.

  4.7, gure.4.8, gure.4.9, respectively. The top ones correspond to the distributions obtained in the signal region and those in the bottom present the distributions in the sideband region. The corrected single events distributions obtained in the integrated pool of event are presented in gure.4.10, gure.4.11 and gure.4.12 for the 3 D * + p T and the 3 p T associated tracks ranges are presented in both signal region and sideband region.
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 410 Corrected single events distributions obtained in the integrated pool for the associated tracks range p T > 0.3 GeV/c (two leftmost plots: in the signal region (left) and in the sideband region (right)), 0.3 < p T < 1 GeV/c (two middle plots : in the signal region (left) and in the sideband region (right)), p T > 1 GeV/c (two rightmost plots : in the signal region (left) and in the sideband region (right)) in the range 3 < p T < 5 GeV/c.
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 411 Same as gure.4.10 in the range 5 < p T < 8 GeV/c.
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 412 Same as gure.4.10 in the range 8 < p T < 16 GeV/c.

  4.8) where B peak and B sideband are the number of background D * + candidates in the peak region and sideband region, respectively. The one-dimensional distributions of the correlated pairs (D-hadron) projected on ∆φ are displayed in gure.4.13 for the 3 considered p T (D * + ) ranges : 3 < p T (D * + ) < 5 GeV/c, 5 < p T (D * + ) < 8 GeV/c and 8 < p T (D * + ) < 16 GeV/c in the top, middle and bottom rows, respectively. For each p T range, the corresponding distributions in the integrated p T of associated tracks p T (h) > 0.3 GeV/c are shown as well as the subranges : 0.3 < p T (h) < 1 GeV/c and p T (h) > 1 GeV/c.The distributions in the sideband region are presented in red points and those in the signal region in blue points. Each distribution is normalised to the number of D * + candidates in the sideband region and the signal region, respectively. The black points present the distribution of correlation after background subtraction which will be discussed in detail in the next step.
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 413 Normalised D * + -hadron correlation distributions in the ranges 3 < p T (D * + ) < 5 GeV/c (top row), 5 < p T (D * + ) < 8 GeV/c (middle row) and 8 < p T (D * + ) < 16 GeV/c (bottom row) with the associated tracks ranges : p T > 0.3 GeV/c (left column), 0.3 < p T < 1 GeV/c (middle column) and p T > 1 GeV/c (right column) for D * + mesons considered in the sideband region (red points), in the signal region (blue) and the corrected ones after background subraction (black points).

9 )

 9 It is interesting to have a look at correlation distributions in 2 dimensions (as a function of ∆φ and ∆η) before the projection on ∆φ and without normalisation to the number of triggers. The corresponding distributions of correlations are shown in gure.4.14. The top, middle and bottom rows correspond to the p T (D * + ) ranges[START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c,[START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c and[START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c respectively while the left, middle and right columns present respectively the distributions in the p T (associated tracks) ranges p T > 0.3 GeV/c, 0.3 < p T < 1 GeV/c and p T > 1 GeV/c. Although the statistics are not enough, one can see clearly in the 2-dimensional distributions that the near side peak (∆φ = 0) is visible, and it is getting narrower at higher p T while the away side peak (∆φ = π) is not clear where the distributions are dominated by uctuations especially at low p T . The baseline, representing the underlying events, decreases with increasing p T and it is larger for the associated tracks range 0.3 < p T < 1GeV/c than the range p T > 1 GeV/c since more background is expected at low p T .
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 414 Non-normalized D * + -charged particles correlation distributions as a function of ∆φ and ∆η in the p T (D * + ) ranges 3 < p T < 5 GeV/c (top row), 5 < p T < 8 GeV/c (middle row) and 8 < p T < 16 GeV/c (bottom row) and p T associated tracks ranges : p T > 0.3 GeV/c (left column), 0.3 < p T < 1 GeV/c (middle column) and p T > 1 GeV/c (left column).
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 49 which was extracted from the t of the invariant mass spectra of the D * + in each p T range. The normalised D * +hadron correlations are presented for low, intermediate and high p T (D * + ) in gure.4.15 and it corresponds to the top, middle and bottom rows, respectively. The distributions for the associated tracks intervals p T > 0.3 GeV/c, 0.3 < p T < 1 GeV/c, p T > 1 GeV/c correspond respectively to the left, middle and right columns.
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 415 Normalised D * + -charged particles correlation distributions as a function of ∆φ in the p T (D * + ) ranges 3 < p T < 5 GeV/c (top row), 5 < p T < 8 GeV/c (middle row) and 8 < p T < 16 GeV/c (bottom row) and p T associated tracks ranges : p T > 0.3 GeV/c (left column), 0.3 < p T < 1 GeV/c (middle column) and p T > 1 GeV/c (left column).One can consider that each normalised distribution presents the number of charged particles associated with one trigger as a function of the di erence in azimuthal angle between that trigger and the associated particles. The baseline (that represents the underlying events) is lower in the range p T (h) > 1 GeV/c (around 1) with respect to the range 0.3 < p T (h) < 1 GeV/c (around 2). By taking both subranges into account .i.e the integrated range p T (h) > 0.3 GeV/c, it is reasonable to have a distribution with a baseline around 3. This feature is observed for the three p T ranges of D * + , and it depends only on the transverse momentum of associated charged tracks. At low p T ( [3-5] GeV/c ) in the top row of gure.4.15, the near-side peak is visible though not large in magnitude whereas the away-side peak is not visible. Otherwise, one can see only uctuations in the two p T subranges of associated tracks. At intermediate p T ( [5-8] GeV/c

  the new analysis strategy, the purity does not depend on the transverse momentum range of D mesons only but on the p T of associated tracks as well. The purity values are computed by applying the equation.4.11 for the distributions of primary and secondary tracks obtained both with a determined Monte Carlo sample. The simulations resulted in the gure.4.16 and according to the di erent combinations of p T ranges of D * + mesons and associated tracks, nine values of the purity are extracted and summarised in table.4.1.
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 4161 Fraction of secondary tracks accepted by DCA XY cut in the range 3 < p T (D) < 5 GeV/c (top left), 5 < p T (D) < 8 GeV/c (top right) and 8 < p T (D) < 16 GeV/c (bottom) in the associated charged tracks intervals 0.3 < p T < 99 GeV/c (bin0), 0.3 < p T < 1 GeV/c (bin1), 1 < p T < 99 GeV/c (bin2), 1 < p T < 2 GeV/c (bin3), 2 < p T < 3 GeV/c (bin4), 3 < p T < 99 GeV/c (bin5). Purity 3<p T (D)<5 GeV/c 5< p T (D)<8 GeV/c 8<p T (D)<16 GeV/c 0.3<p T (h)<99 GeV/c 0The extracted purity values in pp collisions at 13 TeV.

  tracks are correlated with D * + whether they are prompt (c → D) or non-prompt (b → B → D). The latter is equivalent to the so-called B feed-down. In the current study, only the correlations of prompt D * + mesons with primary charged tracks are considered. For that purpose, Monte Carlo simulations are exploited to obtain a template representing B → D * +

. 13 )

 13 (Acc × ) f eeddownD * + and (Acc × ) promptD * + are the acceptance times the e ciency of the non-prompt D * + (from B feed-down) and the prompt D * + , respectively. The e ciency distributions were already presented in gure.4.2. dσ dp T is the production cross-section either of non-prompt D * + (from B feed-down) or prompt D * + obtained from Monte Carlo simulations based on Fixed Order Next-to-Leading-Logarithm (FONLL) calculations [50]. An example of the Monte Carlo templates is displayed in gure.4.17 for B feed-down and gure.4.18 for prompt D * + . The top row shows the templates in 2-dimensions and the bottom row shows the 1-dimensional templates. The left column presents the distributions in the range 3 < p T (D * + ) < 5 GeV/c, the middle column in 5 < p T (D * + ) < 8 GeV/c and the right column in 8 < p T (D * + ) < 16 GeV/c. The templates are shown only for the integrated p T of associated tracks (0.3 < p T < 99 GeV/c).
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 417 Example of B feed-down templates obtained using PYTHIA6 with the tune Perugia 2011 in 2 dimensions (∆φ and ∆η) in the integrated p T range of associated tracks and in the D * + p T range[START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (top left),[START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (top middle) and[START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (top right) and in one dimension (∆φ)[START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (bottom left),[START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (bottom middle),[START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (bottom right).
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 418 Example of prompt D * + templates obtained using PYTHIA6 with the tune Perugia 2011 in 2 dimensions (∆φ and ∆η) in the integrated p T range of associated tracks and in the D * + p T range[START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (top left),[START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (top middle) and[START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (top right) and in one dimension (∆φ)[START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (bottom left),[START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c (bottom middle),[START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c (bottom right).
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 29 Final corrected D * + -charged particles correlations in p-p collisions at[START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF] TeV After Applying all the steps of the analysis strategy as explained in the previous sections, the nal corrected angular-correlation between prompt D * + mesons and primary charged particles is obtained in proton-proton collisions at √ s = 13 TeV. These distributions are presented in gure.4.19. The left, middle and right columns correspond to the p T ranges of D * + : 3 < p T (D) < 5 GeV/c, 5 < p T (D) < 8 GeV/c, 8 < p T (D) < 16 GeV/c, respectively.While the top, middle and bottom rows correspond to the p T ranges of associated tracks :p T (h) > 0.3 GeV/c, 0.3 < p T (h) < 1 GeV/c and p T (h) > 1 GeV/c, respectively.For a considered row where the p T range of associated tracks is determined, one can see that the baseline level is similar for the three p T ranges of D mesons. So, the baseline is not dependent on the p T of D mesons since the distributions are normalized to the correspondent number of triggers in each D * + p T range. Instead, it is dependent on the number of charged tracks associated with one D meson, and since in each row the p T range of associated tracks is the same then the baseline is supposed to be the same as well. This deduction can be generalised for the 3 p T ranges of associated tracks and the di erence between them lies in the value of the baseline which is around 3 for the integrated range p T (h) > 0.3GeV/c and smaller for 0.3 < p T (h) < 1 GeV/c and even smaller for p T (h) > 1 GeV/c. Concerning the near side and the away side peaks around ∆φ =0 rad and ∆φ = π rad, both of them are visible and most prominent at larger p T of the D mesons and associated tracks, especially the near side peak.Concerning physics, the baseline is a graphical feature that symbolizes the underlying events. It depends on the considered p T range of the associated tracks. According to the distributions, one can observe clearly that the larger the p T of the associated tracks, the lower the level of the baseline. It is probably due to the low background at high p T . The peaks represent the jet-like events assumed to come from cc fragmentation. The near-side peak is the manifestation of the particles, within a jet, created collinearly with the trigger particles (∆φ =0). On the same basis, we can infer that the away-side peak represents the jet of particles created in the opposite direction in comparison to the direction of the produced trigger particle. The di erence in the amplitude between the two peaks re ects the di erence in the number of charged particles associated with one D * + meson collinearly or back-to-back..
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 419 Final D * + -charged particles correlation distributions as a function of ∆φ in the p T (D * + ) ranges 3 < p T (D) < 5 GeV/c (left column), 5 < p T (D) < 8 GeV/c (middle column) and 8 < p T (D) < 16 GeV/c (right column) and p T associated tracks ranges : p T (h) > 0.3 GeV/c (top row), 0.3 < p T (h) < 1 GeV/c (middle row) and p T (h) > 1 GeV/c (bottom row).So far, the performed correlation analysis considered D * + mesons only. Within the physics working group HFCJ, both D 0 and D * + were included to deal with the average correlation distributions. For one side, more statistics were considered, therefore less uctuations. On the other side, the study can be generalised on several mesons.The average correlation distribution was extracted by applying the analysis strategy described previously on each D meson separately. The nal angular correlation of each D meson was weighted by the correspondent systematic uncertainties. After that, the two distributions were summed. The results of average D-h correlations include the uncertainties from both D * + and D 0 mesons where they were estimated independently.Systematic uncertaintiesThe statistical uncertainties are presented usually by error bars in the gures whereas systematic uncertainties are visualised via bands or squares/rectangles around the data points.Systematic uncertainties are accumulated with every performed step of the analysis. In the following, only D * + mesons are discussed. The sources of the systematic uncertainties are listed according to what was done within the Physics Working Group -Heavy Flavour,Correlations and Jets (PWG-HFCJ)[START_REF]D-hadron correlations in p-p collisions at √ s = 13 TeV[END_REF]. The estimated uncertainties are provided later.• Extraction of S and B. where S (signal) and B (background) are extracted from the t parameters. The uncertainties are estimated by following new approaches -di erent than those applied in the analysis strategy. The new approaches involve the use of a di erent background t function, a di erent range (smaller or larger) to extract the signal, the rebinning of the mass spectra before the t, and the estimation of S and B either by performing an integral or bin counting. The analyses are repeated to obtain the distributions with these new approaches, and the ratios between the new obtained correlations distributions and the standard one, are computed.• Background correlation shape. The D * + candidates in the sideband region are considered within a range of 4 to 8 σ from the peak position. To estimate the correspondent uncertainty, di erent ranges are suggested: 8 to 15 σ and 5 to 15 σ. The ratios between the distributions with the new ranges and the standard one are evaluated.• D meson cuts. The three topological cuts, cosθ point , DCA and d 0 (K) × d 0 (π) were varied by 15%, 20% and 30% with respect to their original values in order to have 3 looser and 3 tighter cuts. The analysis strategy is repeated to get the fully corrected D-h correlations with these 6 sets of cuts. The ratios between the new distributions and those obtained with the standard cuts are computed.
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 420 Computed ratios of the nal correlation distributions obtained with modi ed parameters to those with the standard ones.

Figure. 4 .

 4 Figure.4.21 displays the distributions of the average D * + , D 0 -charged particles correlations with a subtracted baseline from ALICE in proton-proton collisions at 13 TeV presented in the black points. Simulations, with di erent models/event generators, were presented: PYTHIA6 with 3 di erent tunes, Perugia0 (red solid line), Perugia2010 (cyan solid line), and
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 421 Average D meson -charged particles correlation in pp collisions at 13 TeV versus di erent Monte Carlo models : PYTHIA6 Peru-gia0 (red), PYTHIA6 Perugia2010 (cyan), PYTHIA6 Perugia2011 (green), PYTHIA8 Tune 4C (pink), POWHEG+PYTHIA6 (blue). PYTHIA6 simulations are based on the LO-pQCD calculations using matrix elements for 2→2 interactions with parton showers based on the leading-logarithmic p T -ordering. Hadronisation is treated based on the Lund string model while underlying events are simulated by integrating the Multiple-Parton Interaction (MPI). Perugia Tunes are di erent for what concerns initial-state radiation, nal-state radiation, and parton showers. These features are treated based on the p T -ordering instead of virtuality ordering in addition to some other introduced modi cation in the colour reconnection, Multiple Parton Interaction, and underlying events. The tune Perugia-2010 is di erent from Perugia0 in the generated quantity of initial-state radiation and the high z fragmentation. While for the tune Perugia-2011, the correspondent measurements of multiplicity and underlying events were considered with the rst LHC collected data. The event generator POWHEG, based on the NLO-pQCD calculations, was coupled with Parton showers simulated with PYTHIA. Such a combination of POWHEG+PYTHIA simulations gave compatible cross-section results compared to
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 422 The associated yield is shown in the top row, the width of the near-side peak in the middle row, and the baseline in the bottom row. In each row, the 3 p T ranges of associated tracks are shown : p T > 0.3 GeV/c (left column), 0.3 < p T < 1 GeV/c (middle column) and p T > 1 GeV/c (right column). The observables are presented for the three p T ranges of D mesons as well[START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Thomson | Modern particle physics[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c,[START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF] Halzen | Quarks and Leptons : An introductory Course in Modern Particle Physics[END_REF][START_REF] Deur | The QCD Running Coupling[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c, and[START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF][START_REF]Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century[END_REF][START_REF] Perkins | Particle Astrophysics, Oxford Master Series in particle Physics, Astrophysics, and cosmology[END_REF][START_REF] Rafelski | Connecting QGP-Heavy Ion Physics to the Early Universe[END_REF][START_REF] Averbeck | Heavy-avour production in heavy-ion collisions and implications for the properties of hot QCD matter[END_REF][START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF][START_REF] Povh | Particles and Nuclei: An Introduction to the Physical Concepts[END_REF][START_REF] Samuel | Introductory Nuclear Physics[END_REF][START_REF] Wong | Signatures of Quark-Gluon Plasma Transition in High-Energy Nuclear Collisions[END_REF] GeV/c.
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 422 Associated yield (top row), Width of the near side peak (middle row) and the baseline (bottom row) extracted from correlations in pp at[START_REF] Foka | An overview of experimental results from ultrarelativistic heavy-ion collisions at the CERN LHC: Bulk properties and dynamical evolution[END_REF] TeV versus those extracted using di erent MC model : PYTHIA6 Pe-rugia0 (red), PYTHIA6 Perugia2010 (cyan), PYTHIA6 Perugia2011 (green), PYTHIA8 Tune 4C (pink), POWHEG+PYTHIA6 (blue).

Figure. 4 .

 4 [START_REF] Gale | Hydrodynamic modeling of heavy-ion collisions[END_REF] shows the correlation distribution obtained in p-p collisions at 13 TeV (blue squares) versus those obtained in p-p collisions at 7 TeV (black squares). The distributions obtained in p-p collisions at 13 TeV are smoother than those obtained in p-p collisions at 7 TeV. It is probably related to the large statistics in the data collected in p-p collisions at 13 TeV compared to the 7 TeV. In addition to that, correlations at 13 TeV look a little bit higher than those obtained at 7 TeV. This is directly related to the baseline that depends on the number of associated tracks due to the larger statistics in the 13 TeV where more important underlying events can take place.

F 4 . 23 :

 423 Average D meson -charged particles correlations in pp collisions at 13 TeV (blue squares) versus those in pp at 7 TeV (black squares). Left column : 3< p T (D) <5 GeV/c, middle column : 5< p T (D) <8 GeV/c, left column : 8< p T (D) <16 GeV/c. Top row : p assoc T > 0.3 GeV/c, middle row : 0.3 < p assoc T < 1 GeV/c, bottom row : p assoc T > 1 GeV/c. The correlations in p-p collisions at 5 TeV were added to the comparison of distributions at 7 TeV and 13 TeV. The correspondent distributions for the 3 energies, where the baseline was subtracted, are presented in gure.4.24. One can see that there is a good agreement between the 3 distributions within statistical uncertainties despite the uctuations observed for 7 TeV which have larger statistical error bars particularly at larger p T . F 4.24: Average D meson -charged particles correlations with subtracted baseline in p-p collisions at 5 TeV (blue points) vs 7 TeV (red points) and versus 13 TeV (green points) . Left column : 3< p T (D) <5 GeV/c, middle column : 5< p T (D) <8 GeV/c, left column : 8< p T (D) <16 GeV/c. Top row : p assoc T > 0.3 GeV/c, middle row : 0.3 < p assoc T < 1 GeV/c, bottom row : p assoc T > 1 GeV/c.

Figure. 4 .

 4 Figure.4.25 shows the subtracted baseline distribution of correlations in p-p collisions at 13 TeV (blue points) and 7 TeV (black points) and in p-Pb collisions at 5.02 TeV (red points).Although the statistical error bars are large, the agreement is established in general between the three curves.
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 425 Average D meson -charged particles correlations with subtracted baseline in p-p collisions at 13 TeV (blue points) vs p-p at 7 TeV (black points) versus p-Pb collisions at 5.02 TeV (red points). Left column : 3< p T (D) <5 GeV/c, middle column : 5< p T (D) <8 GeV/c, right column : 8< p T (D) <16 GeV/c. Top row : p assoc T > 0.3 GeV/c, middle row : 0.3 < p assoc T < 1 GeV/c, bottom row : p assoc T > 1 GeV/c.
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 426 Associated yield (top row), Width of the near side peak (bottom row) extracted from correlations in pp collisions at 13 TeV (blue points) versus pp at 7 TeV (black points) versus p-Pb at 5.02 TeV (red points).
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 427 D * + invariant mass spectra (M (Kππ) -(Kπ)) for 10 p T bins in p-p collisions at 8 TeV.
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 428 ∆M D * + invariant mass spectra in pp collisions at 8 TeV:[START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c (top left),
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 429 Top row: Single event distribution in the signal region (left) and sideband region (right). Bottom row: Mixed Event distribution in the signal region (left) and sideband region (right) in the p T range [3,5] GeV/c.
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 430 Top row: Single event distribution in the signal region (left) and sideband region (right). Bottom row: Mixed Event distribution in the signal region (left) and sideband region (right) in the p T range [5,8] GeV/c.
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 431 Top row: Single event distribution in the signal region (left) and sideband region (right). Bottom row: Mixed Event distribution in the signal region (left) and sideband region (right) in the p T range [8,16] GeV/c.

  4.34, gure.4.35 and gure.4.36, respectively. The top rows correspond to the φ and ∆φ distributions. Whereas, the bottom rows correspond to the η and ∆η distributions. The left column presents the distributions of D mesons, the middle column the associated hadron distributions, and correlations are presented in the right column. For both D mesons and hadrons (associated tracks), the distributions are similar in the three p T ranges. The η distribution is almost at, which leads to the expected triangular distributions in ∆η. As for φ distributions, they are not at, and they show some inhomogeneities. This behaviour is due to the limited acceptance imposed by the EMCal trigger in the azimuthal plane. Concerning the ∆φ distributions, they show 2 bumps around ∆φ = 0, π.
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 434 Simulations of the φ distributions of D mesons (top left), hadrons (top middle) and ∆φ (top right), η distributions of D mesons (bottom left), hadrons (bottom middle) and ∆η (bottom right) using Monte Carlo Toy in the p T range [3,5] GeV/c.
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 435 Simulations of the φ distributions of D mesons (top left), hadrons (top middle) and ∆φ (top right), η distributions of D mesons (bottom left), hadrons (bottom middle) and ∆η (bottom right) using Monte Carlo Toy in the p T range [5,8] GeV/c.
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 436 Simulations of the φ distributions of D mesons (top left), hadrons (top middle) and ∆φ (top right), η distributions of D mesons (bottom left), hadrons (bottom middle) and ∆η (bottom right) using Monte Carlo Toy in the p T range [8,16] GeV/c. The correspondent Mixing Events distributions in two-dimensions using Monte Carlo Toy simulations are presented in gure.4.37 for the three p T ranges of D mesons. The resulting behaviour is reasonable regarding the one-dimensional distributions of ∆φ and ∆η. By comparing the mixing event from the data and simulations, one can deduce that the observed peak around (∆φ, ∆η) = (0,0) from the collected data (shown earlier in gures.4.29-4.32) is probably due to the presence of the EMCal trigger.
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 437 Mixing Event distributions obtained from Monte Carlo Toy in the p T ranges

  4.38, gure.4.39 and gure.4.40. The top rows present the single event distributions for minimum bias (left) and EMCal trigger (right). The bottom rows show the mixed event distributions for the minimum bias case (left) and the EMCal trigger case (right).

F 4 . 38 :

 438 Single Event distributions obtained in minimum bias (top left) and EMCal trigger (top right) and Mixed Event distributions in minimum bias (bottom left) and EMCal trigger (bottom right) in the p T ranges[START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF][START_REF] Peskin | An introduction to Quantum Field Theory[END_REF] GeV/c.
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 439 Single Event distributions obtained in minimum bias (top left) and EMCal trigger (top right) and Mixed Event distributions in minimum bias (bottom left) and EMCal trigger (bottom right) in the p T ranges[START_REF] Peskin | An introduction to Quantum Field Theory[END_REF][START_REF]Measurement of the inclusive 3-jet production di erential crosssection in proton-proton collisions at 7 TeV and determination of the strong coupling constant in the TeV range[END_REF] GeV/c.

F 4 . 40 :

 440 Single Event distributions obtained in minimum bias (top left) and EMCal trigger (top right) and Mixed Event distributions in minimum bias (bottom left) and EMCal trigger (bottom right) in the p T ranges [8,16] GeV/c. The criteria imposed by the presence of the EMCal trigger does not in uence only the Mixing Event distribution but other observables as well. The fraction of D * + mesons coming only from the fragmentation of charm quarks (prompt) is extracted by taking advantage of several MC samples generated for di erent purposes. The resulting fractions are shown in gure.4.41 for the minimum bias case (blue points) and the EMCal trigger case (green points). The top left panel presents the fraction of prompt D * + . It was obtained by exploiting the sample LHC106a which is a MC sample simulated with PYTHIA event generator in p-p collisions at 7 TeV. In the top right panel, a summation of the distributions from the 2 Monte
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 441 Fraction of charm quarks as a function of p T in the case of minimum bias (blue points) and EMCal trigger (green points) using different MC samples: LHC10f6a (top left), LHC10d4+LHC10f6a (top right), LHC10f7a (bottom left) obtained in pp collisions at 7 TeV and LHC12d2 (bottom right) in pp collisions at 8 TeV. For the samples, LHC10f7a and LHC12d2 simulated with PYTHIA in pp collisions at 7 TeV and 8 TeV, respectively, the production of charm quark pairs is forced in each event. The fraction shapes are di erent from the expected shape in minimum bias since the production of charm quarks is biased by forcing charm quark production. Concerning the EMCal trigger simulations, the bias is more important at low and intermediate p T . From 15 GeV/c, the agreement is established between the two cases. As a title of comparison, the p T shape of D * + obtained with the EMCal trigger simulations is compared to the simulated p T shape of D 0 and D + with the EMCal trigger in p-p collisions at 8 TeV (provided by Ankita). For all D mesons, the distributions are obtained in the hadronic channel. They were scaled as well by the number of events, the correspondent fragmentation fraction, and the branching ratio. The distributions are presented in gure.4.42. Qualitatively, the behaviour of the distributions is similar between the 3 D mesons. Quantitatively, the distribution of D * + is in agreement with D + using the sample LHC10f7a. Concerning the sample LHC12d2, the D * p T shape is in agreement with D 0 .
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 442 Transverse momentum distributions of D * (green points), D 0 (red points) and D + (blue points) in the hadronic channel and normalised to the number of events for the MC samples : LHC10f7a (left) and LHC12d2 (right).

  at 13 TeV was presented to get the fully corrected correlations of prompt D * + mesons with primary charged particles. The resulting intermediate distributions were presented in addition to the estimation of systematic uncertainties. An overview is also given on the average D-hadron correlation distributions. D mesons were reconstructed in the range 3 < p T < 16 GeV/c and the associated tracks in the range p T > 0.3 GeV/c. Correlation distributions for D * + -hadron or average D-hadron show a at baseline that depends on the p T of associated tracks reecting the underlying events. The distributions are characterised by two prominent peaks, one around ∆φ =0 (near side peak) and the other around ∆φ = π (away side peak) which re ects the jet-like behaviour for D mesons and their associated charged particles. Within the PWG-HFCJ, the average D-hadron correlations were compared to the distributions obtained from di erent models based on di erent physics treatments. The models described qualitatively well the data and the quantitative agreement was established with PYTHIA8 and POWHEG+PYTHIA6 especially at high p T . A similar analysis strategy was applied in pp collisions at 8 TeV without reaching the steps of e ciency, purity, and B feed-down correction. The obtained distributions are promising especially that no speci c treatment was adapted to deal with the presence of the EMCal trigger.
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 51 Shower approach : the factorisation 2 → n.

F 5 . 2 :

 52 Leading-Order : (a) Flavour creation through gluon fusion. (b)

F 5 . 3 :

 53 Next-to-Leading-Order : (c) Flavour creation + radiative correction (gluon emission), (d) Flavour excitation, (e) Gluon splitting ( nal-state),

B

  (D) mesons are correlated with B( D) in such a way that the pairs should be in the same event. The opening angle between the correlated pairs is computed by applying the equax , P y , P T are the momentum along x, y and the transverse plane directions, respectively. The opening angle is computed for all possible combinations B -B (D -D)
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 54 D-D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 200 GeV for the 3 con gurations : Forced (red), HardQCD all (green) and MB (blue). p T distributions of D( D) mesons for the 3 con guration cases (bottom).
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 55 B-B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 7 TeV for the 3 con gurations : Forced (red), HardQCD all (green) and MB (blue). p T distributions of D( D) mesons for the 3 con guration cases (bottom).
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 56 D-D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 7 TeV for the 3 con gurations : Forced (red), HardQCD all (green) and MB (blue). p T distributions of D( D) mesons for the 3 con guration cases (bottom).
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 42 -B/D -D correlations in pp collisions at 7 TeV and 200 GeV In this section, B -B and D -D correlation distributions are obtained for the full p T range and for the subranges : 0 < p T (B/D) + p T ( B/ D) < 10 GeV/c, 10 < p T (B/D) + p T ( B/ D) < 20 GeV/c, 20 < p T (B/D) + p T ( B/ D) < 30 GeV/c and p T (B/D) + p T ( B/ D) > 30 GeV/c. The correspondent distributions of B -B correlation in pp collisions at 200 GeV are presented in gure.5.7. The ∆φ distribution is presented in the top left panel of gure.5.7. The black curve represents the correlations of B -B pairs in the integrated p T range, the red curve represents the correlations in the range 0 < p T (B) + p T ( B) < 10 GeV/c, the green curve in the range 10 < p T (B) + p T ( B) < 20 GeV/c, the blue curve in the range 20 < p T (B) + p T ( B) < 30 GeV/c and the yellow one in the range p T (B) + p T ( B) > 30 GeV/c. F 5.7: B-B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T spectrum of B (magneta) and B (cyan) (bottom) in pp collisions at 200 GeV.

  Correlations of D D in pp collisions at 200 GeV are presented in gure.5.8. The di erence with respect to B B lies in the ∆φ distributions where the correlations were obtained for ve p T subranges instead of 4. The range 0 < p T (D) + p T ( D) < 10 GeV/c was split into 2 ranges : 0 < p T (D) + p T ( D) < 5 GeV/c and 5 < p T (D) + p T ( D) < 10 GeV/c
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 5859 D-D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T spectrum of D (magneta) and D (cyan) (bottom) in pp collisions at 200 GeV. B-B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T spectrum of B (magneta) and B (cyan) (bottom) in pp collisions at 7 TeV. B B correlations in pp collisions at 7 TeV are presented in gure.5.9 and D D correlations in pp collisions at 7 TeV are presented in gure.5.10. The observed features are similar between the two mesons. Consequently, similar conclusions are inferred from distributions in pp collisions at 7 TeV compared to those in pp collisions at 200 GeV.

F 5 .

 5 10: D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T spectrum of B (magneta) and B (cyan) (bottom) in pp collisions at 7 TeV.
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 43 c vs D -D correlations and b -b vs B -B correlations The main goal in this part is to do the comparison cc vs D -D correlations and b -b vs B -B. Figure.5.11 shows b b vs B B correlations in pp collisions at 200 GeV. Correlations of cc vs D D in pp collisions at 200 GeV are presented in gure.5.12. b b vs B B correlations in pp collisions at 7 TeV are shown in gure.5.13 and cc vs D D correlations in pp collisions at 7 TeV are presented in gure.5.14. In each gure, the following distributions are presented : ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T distributions (bottom). For the rst four distributions, a ratio was computed between the correlations of the mesons and the quarks. The correspondent distributions for mesons (D D and B B) are presented in black and those of quarks (cc and b b) are presented in purple. For both energies (200 GeV and 7 TeV), the distributions of b b (cc) correlations are larger in magnitude than those of B B (D D). This is reasonable since not all b (c) quarks will hadronise into B (D) mesons, and there will be a fraction of b (c) quarks that will hadronise into baryons. The same information can be inferred from the ratio plots in the lowest panels in each gure where the ratio is always less than 1. In addition, the exhibited behaviour of heavy quarks is reproduced by heavy mesons which is illustrated by the qualitative resemblance between the distributions of quarks and mesons. Except for b b vs B B correlations in pp collisions at 200 GeV, the other 3 cases exhibit a di erent behaviour at smaller angles concerning the ∆φ distributions. This is probably due to the number of generated quarks (c/b) or mesons (D/B).
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 511512513514 B -B (black) vs b -b (purple) correlation distributions for ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T spectrum (bottom) of b quarks (magenta), b quarks (cyan), B mesons (light green), B mesons (purple) in pp collisions at 200 GeV. D -D (black) vs cc (purple) correlation distributions for ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T spectrum (bottom) of c quarks (magenta), c quarks (cyan), D mesons (light green), D mesons (purple) in pp collisions at 200 GeV. B -B (black) vs b -b (purple) correlation distributions for ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T spectrum (bottom) of b quarks (magenta), b quarks (cyan), B mesons (light green), B mesons (purple) in pp collisions at 7 TeV. D -D (black) vs cc (purple) correlation distributions for ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) and p T spectrum (bottom) of c quarks (magenta), c quarks (cyan), D mesons (light green), D mesons (purple) in pp collisions at 7 TeV.
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 44 -D/B -B correlations with/without Initial State Radiation and Final State Radiation (ISR/FSR) In this part, correlation distributions of mesons are investigated and compared to each other for the two cases: • Parton shower (ISR/FSR) = on • Parton shower (ISR/FSR) = o Except for p T spectrums, all correlation distributions with ISR/FSR switched "On", are presented in black curves, and the distributions with ISR/FSR switched "O " are presented in green curves. The plots are organised in the same way as in the previous sections. Per energy and meson species, the ∆φ, ∆p T , ∆η, ∆Y, p T distributions are presented in each gure in the top left, top right, middle left, middle right and bottom panels, respectively. B B correlations in pp collisions at 200 GeV are presented in gure.5.15. The p T spectrums (bottom panel) show similar distributions between the two cases with ISR/FSR switched

Figure. 5 .

 5 Figure.5.17 presents the correlation distributions of B -B in pp collisions at 7 TeV. Similar features are observed compared to the distributions at 200 GeV either the similarities found for ∆η, ∆Y, p T distributions or the di erences found for ∆φ and ∆p T distributions.

Figure. 5 .

 5 Figure.5.18 shows the D D correlations in pp collisions at 7 TeV. The distributions exhibit similar behaviour as those observed in D D correlations at 200 GeV. The discrepancy for ∆φ correlations between the 2 cases (ISR/FSR On/O ) is pretty clear compared to the case of 200 GeV. Concerning the ∆p T distributions, the di erence between the 2 cases appears to be more quantitative than a qualitative one for D D. While for B B, the di erence between the 2 cases is rather a qualitative one.
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 515 B -B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 200 GeV for ISR/FSR On (black) and ISR/FSR O (green) and p T distributions (bottom) for ISR/FSR On, of B mesons (magenta), B mesons (cyan) and for ISR/FSR O , of B mesons (green), B mesons (purple).
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 516 D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 200 GeV for ISR/FSR On (black) and ISR/FSR O (green) and p T distributions (bottom) for ISR/FSR On, of D mesons (magenta), D mesons (cyan) and for ISR/FSR O , of D mesons (green), D mesons (purple).
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 517 B -B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 7 TeV for ISR/FSR On (black) and ISR/FSR O (green) and p T distributions (bottom) for ISR/FSR On, of B mesons (magenta), B mesons (cyan) and for ISR/FSR O , of B mesons (green), B mesons (purple).
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 518 D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 7 TeV for ISR/FSR On (black) and ISR/FSR O (green) and p T distributions (bottom) for ISR/FSR On, of D mesons (magenta), D mesons (cyan) and for ISR/FSR O , of D mesons (green), D mesons (purple).

5. 4 . 5 D

 45 -D/B -B correlations with/without Multiple Parton Interaction (MPI) In this part, correlation distributions obtained with the default con guration are presented and compared to those distributions for which the Multiple Parton Interactions (MPI) was switched O . B -B correlations in pp collisions at 200 GeV are presented in gure.5.19. D -D correlations in pp collisions at 200 GeV are presented in gure.5.20. B B correlations in pp collisions at 7 TeV are displayed in gure.5.21 and those of D D correlations at 7 TeV are displayed in gure.5.22.
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 519 B -B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 200 GeV for MPI "On" (black) and MPI "O " (green). p T distributions (bottom) for MPI "On" of B mesons (magenta) and B mesons (cyan) and for MPI "O " of B mesons (green) and B mesons (purple).
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 520 D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 200 GeV for MPI "On" (black) and MPI "O " (green). p T distributions (bottom) for MPI "On" of D mesons (magenta) and D mesons (cyan) and for MPI "O " of D mesons (green) and D mesons (purple).
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 521 B -B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 7 TeV for MPI "On" (black) and MPI "O " (green). p T distributions (bottom) for MPI "On" of B mesons (magenta) and B mesons (cyan) and for MPI "O " of B mesons (green) and B mesons (purple).
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 522 D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 7 TeV for MPI "On" (black) and MPI "O " (green). p T distributions (bottom) for MPI "On" of D mesons (magenta) and D mesons (cyan) and for MPI "O " of D mesons (green) and D mesons (purple).
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 46 -D/B -B correlations with/without Colour Reconnection (CR) In this part, correlation distributions are obtained for the case of Colour Reconnection (CR) switched "O " and compared to those obtained with CR switched "On". The correspondent B -B correlation distributions in pp collisions at 200 GeV are presented in gure.5.23. D -D correlations in pp collisions at 200 GeV are presented in gure.5.24. B -B correlations in pp collisions at 7 TeV are presented in gure.5.25 and those of D -D correlations in pp collisions at 7 TeV are presented in gure.5.26.
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 523 B -B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 200 GeV with CR (black) and without CR (green). p T distributions (bottom) with CR for B mesons (magenta) and B mesons and without CR for B mesons (green) and B (purple).
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 524 D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 200 GeV with CR (black) and without CR (green). p T distributions (bottom) with CR for D mesons (magenta) and D mesons and without CR for D mesons (green) and D (purple).
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 525 B -B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 7 TeV with CR (black) and without CR (green). p T distributions (bottom) with CR for B mesons (magenta) and B mesons and without CR for B mesons (green) and B (purple).
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 526 D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) in pp collisions at 7 TeV with CR (black) and without CR (green). p T distributions (bottom) with CR for D mesons (magenta) and D mesons and without CR for D mesons (green) and D (purple).

  B correlations in pp collisions at 200 GeV are shown in gure.5.27. D-D correlations at 200 GeV are presented in gure.5.28. In pp collisions at 7 TeV, B B correlations are presented in gure.5.29 and those of D D correlations are presented in gure.5.30.

F 5 . 27 :

 527 B -B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) with the default tune M onash 2013 (black) and the the tune 4C (blue) in pp collisions at 200 GeV (Tunes). p T spectrum (bottom) with the tune Monash2013 for B (magenta) and B (cyan) and with the tune 4C of B (green) and B (purple).
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 528 D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) with the default tune M onash 2013 (black) and the the tune 4C (blue) in pp collisions at 200 GeV (Tunes). p T spectrum (bottom) with the tune Monash2013 for D (magenta) and D (cyan) and with the tune 4C of D (green) and D (purple).
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 529 B -B correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) with the default tune M onash 2013 (black) and the the tune 4C (blue) in pp collisions at 7 TeV (Tunes). p T spectrum (bottom) with the tune Monash2013 for B (magenta) and B (cyan) and with the tune 4C of B (green) and B (purple).
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 530 D -D correlation distributions of ∆φ (top left), ∆p T (top right), ∆η (middle left), ∆Y (middle right) with the default tune M onash 2013 (black) and the the tune 4C (blue) in pp collisions at 7 TeV (Tunes). p T spectrum (bottom) with the tune Monash2013 for D (magenta) and D (cyan) and with the tune 4C of D (green) and D (purple).
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 62 Elastic amplitude contribution in proton-proton scattering (top left), proton-nucleus (top right) and nucleus-nucleus scattering (bottom)

1 h 2

 2 (s, b) can be presented by a cut elementary diagram and -2Im Th 1 h 2 (s, b) by an uncut elementary diagram (see gure.6.4). The partonic scattering amplitude can be expressed as a function of the partonic pro le function that satis es the equation,
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 64 The hadronic pro le function expressed as a function of the partonic pro le function G h1h2 1P in pp scattering (left diagram) and nucleusnucleus scattering (right diagram) [117]. The cut elementary diagram (dashed vertical line) represents virtual emissions (particles oshell) while the uncut elementary diagram (full vertical line) represents realistic elementary interactions .i.e pomerons that will hadronise later into particles on-shell.
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 12 Parton ladders(Splitting of) Parton ladder is an essential aspect in EPOS, and it was a partial factor of success to predict until now many experimental data. As is mentioned earlier, parton ladders contribute as pairs to form the pomerons which is another way to represent colour ux tubes. Figure.6.5 represents the structure of the parton ladder. The left diagram shows the parton-parton elementary interaction where the hard scattering takes place in the middle after the emission of partons due to the initial space-like cascade. The right diagram shows a simple schematic representation for a parton ladder[START_REF] Klaus | The hadronic interaction model EPOS[END_REF].
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 65 Left: Parton-Parton elementary interactions. Right: Symbolic scheme for open and closed parton ladders [125]. A parton ladder is supposed to consist of 2 parts: the soft one and the hard one and they can be either open or closed ladders (right diagram of gure.6.5). The open parton ladders contribute to the inelastic scattering amplitude while the closed ones contribute to the elastic scattering amplitude. The latter does not participate in particle production, but it a ects the partial cross-section signi cantly by producing several interfering contributions.
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 66 Complete picture : parton ladders and beam remnants[START_REF] Klaus | The hadronic interaction model EPOS[END_REF].

F 6 . 7 :

 67 Monte Carlo simulations for Au-Au collisions at 200 GeV in 40-50% centrality [125]. This picture is displayed in the XY plane. The dotted half-circles symbolise the two colliding nuclei. The grey area represents the string segments at the high-density region or the reaction zone (core) where the local equilibrium is reached through the su ciently large number of collisions of the partons. The open circles are the string segments at low-density regions
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 68 The blue area represents the bulk matter where the energy density is high. Anything else outside this area, one can nd jets or escaping hadrons. Three possible scenarios can take place. The string piece can be formed inside the core (represented in pink) because it does not have enough energy to escape the created medium which evolves under the restrictions of hydrodynamic laws. The string piece can be formed outside the core (represented by red) to produce particles/jets or corona. The string piece can be formed inside the core, but it escapes the medium (presented in blue) because it possesses enough energy to form a jet that has already interacted with the medium[START_REF] Werner | A uni ed description of the reaction dynamics from pp to pA to AA collisions[END_REF]. Based on what has been mentioned, particles can come from two sources: the core, or the corona. The contribution from the corona is dominant at high p T while at low p T the contribution from the two sources is a bit similar. As for intermediate p T , the contribution depends on the particle species.
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 68 Colour ux tube fragmentation into string fragments in the core-corona approach[START_REF] Werner | A uni ed description of the reaction dynamics from pp to pA to AA collisions[END_REF].
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 69 (a) Flux tube with a kink moving along the y-axis. (b) String segment at a determined proper time [134].
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 610 Example of an initial energy density in high multiplicity pp collisions at an energy of 900 GeV at τ 0 = 0.6 fm/c[START_REF] Werner | Evidence for Hydrodynamic Evolution in Proton-Proton Scattering at LHC Energies[END_REF].
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 611 Same as gure.6.10 at later proper times : τ = 1.3 fm/c (left) and τ = 1.9 fm/c (right)[START_REF] Werner | Evidence for Hydrodynamic Evolution in Proton-Proton Scattering at LHC Energies[END_REF].By integrating such uid hydrodynamic expansion in EPOS, the obtained results have shown an acceptable agreement with data by reproducing correlation distributions and mass splitting observed through the elliptic ow (v 2 )[133] [138]. The latter is among the proof of the existence of collective behaviour in p-A systems.

  [START_REF] Nahrgang | Azimuthal correlations of heavy quarks in Pb+Pb collisions at √ s = 2.76 TeV at the CERN Large Hadron Collider[END_REF] [147][START_REF] Nahrgang | D mesons in non-central heavy-ion collisions : uctuating vs. averaged initial conditions[END_REF] [149][START_REF] Nahrgang | Heavyavour azimuthal correlations of D mesons[END_REF] [151][START_REF] Nahrgang | Toward a consistent evolution of the quark-gluon plasma and heavy quarks[END_REF]. In the upcoming sections, the notation EPOSHQ refers to EPOS3 + MC@sHQ .i.e both notation are equivalent.6.4 Correlation analysis and Results for p-p and p-Pb collisionsIn this section, correlation analyses are carried out using the event generator EPOSHQ (with EPOS version 3.210). In some cases, EPOS is exploited instead because of the missing particles D * in the current version of EPOSHQ. D ( D) mesons are correlated with charged particles in pp / pp and p-Pb collisions.
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 41 -h correlations in p-p collisions at √ s = 7 TeV In this part, correlation analyses are done with EPOSHQ event generator between D mesons (D * + , D + and D 0 and their anti-particles) and charged particles (the most abundant ones are: protons, kaons, pions, muons, electrons and their anti-particles) generated in pp collisions at 7 TeV. D mesons were considered in the 3 p T ranges [3-5], [5-8] and [8-16] GeV/c. For the associated charged particles, the considered p T ranges are [0.3-1], [1-99] and the integrated one [0.3-99] GeV/c. In the end, the distributions are normalised by the number of D mesons in the selected p T range. D mesons should have a rapidity within the range |y| < 0.5, and charged particles should be within the pseudo-rapidity range |η| < 0.8. In this procedure, D mesons are correlated with all charged particles in each event. The di erences in azimuthal angle and pseudo-rapidity are computed. Finally, only pairs with |∆η| < 1 are considered.

F 6 .

 6 14: D-h correlations in pp collisions at √ s = 7 TeV : ALICE Data (black squares) vs EPOSHQ (blue cicles). The baseline is included.

F 6 .

 6 15: D-h correlations in pp collisions at √ s = 7 TeV : ALICE Data (black squares) vs EPOSHQ (blue cirles) with subtracted baseline.With EPOS3 coupled to MC@sHQ, not only correlations between D mesons and charged hadrons can be extracted but D mesons during their di erent production stages including charm quarks, as well. Accordingly, we can get ve distributions of correlations with the following species of heavy avours / D mesons, 1. heavy quarks at creation (provided by EPOS) 2. heavy quarks after the propagation through the QGP (before hadronisation) 3. heavy mesons after hadronisation 4. heavy mesons after rescattering (by exploiting HQ and UrQMD) 5. heavy mesons provided directly from EPOS3 coming from the fragmentation of heavy quarks.

F 6 .

 6 16: D-h correlations in pp collisions at √ s = 7 TeV with EPOS/EPOSHQ at di erent D/charm evolution stages : charm at creation (red), charm before hadronisation (green), D mesons after hadronisation (blue), D mesons after rescattering (cyan), D mesons from EPOS (magenta).

F 6 .

 6 17: D-h correlations in pp collisions at √ s = 7 TeV (blue) versus 13 TeV (green) with EPOSHQ (including the baseline).

F 6 .

 6 18: D-h correlations in pp collisions at √ s = 7 TeV (blue) versus 13 TeV (green) with EPOSHQ (subtracted baseline).6.4.3 D -D correlations in pp collisions at √ s= 7 TeV Correlations between D and D mesons is another interesting study. It was performed at LHCb collaboration in pp collisions at √ s = 7 TeV [79] where di erent combinations of correlated pairs were considered in order to get D + D -and D 0 D0 correlations distributions. EPOS was exploited to obtain the same combinations of D + -D -and D 0 -D0 correlations in pp collisions at √ s = 7 TeV. For both experimental and theoretical analyses, the correlated pairs should be in the same event. Each time an event with a tagged D meson is found, the correspondent event is considered in the analysis. D mesons should be within the p T range 3 < p T < 12 GeV/c and within a rapidity range 2 < y < 4. Once these kinematical criteria are satis ed, the di erence in the azimuthal angle (between D and D) is computed.

F 6 .

 6 19: D + -D -correlations in pp collisions at √ s = 7 TeV from LHCb data (green) vs EPOS (blue).
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 620 D 0 -D0 correlations in pp collisions at √ s = 7 TeV with data from LHCb (green) vs EPOS (blue).

F 6 .

 6 21: D-h correlations in pp collisions in pp@500 GeV with EPOS (blue) versus Preliminary STAR (green).
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 622 D * + -D * -correlations in pp collisions in pp collisions at 500 GeV with EPOS (blue) versus STAR Preliminary (green).
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 45 -h correlations in pp collisions at √ s= 1.96 TeV In this part, correlations between D 0 -D * -and D + -D * -are simulated with EPOS in pp collisions at √ s= 1.96 TeV and the resulting distributions are compared to those measured
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 623 D -D correlations in pp collisions at 1.96 TeV with EPOS3 : D 0 -D * -(black squares) and D + -D * -(red squares) versus CDF : D 0 -D * - (blue squares) and D + -D * -(green squares).
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 631 24: D-h correlations in p-Pb collisions at √ s = 5.02 TeV : ALICE (black squares) vs EPOSHQ (blue circles).The considered kinematical ranges for D mesons are 5 to 8 GeV/c and 8 to 16 GeV/c presented in the left and right columns, respectively. For the associated tracks, they were considered in the integrated range p T > 0.3 GeV/c (top row) and the two sub-ranges 0.GeV (middle row) and p T > 1 GeV/c (bottom row). The behaviour of correlation distributions generated by EPOSHQ in p-Pb collisions has similar features as those observed in pp collisions. In another word, in both pp and p-Pb collisions, the distributions can be visualised as a baseline and two peaks, a near side and an away side around ∆φ = 0 and π, respectively. The interesting di erence with respect to pp at 7 TeV data lies in the level of the baseline. In p-Pb at 5 TeV, the baseline (representing the underlying events) is higher than

F 6 .

 6 25: D-h correlations in p-Pb collisions at √ s = 5.02 TeV (2016 data) : ALICE (black squares) vs EPOSHQ (blue circles) with the standard thresholds of associated particles.
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 6 26: D-h correlations in p-Pb collisions at √ s = 5.02 TeV (2016 data)

2 :

 2 25 cm. D * + mesons were reconstructed via their hadronic channel in the range 3 < p T < 16 GeV/c. The associated tracks were reconstructed with a p T > 0.3 GeV/c. The distributions are corrected for the e ciency, the contamination due to the presence of secondary charged particles, the B feed-down contribution and nally, they were normalised to the number of triggers. The nal correlation distributions exhibited the expected behaviour already observed at 7 TeV. The distributions are characterised by a baseline, a near-side peak around ∆φ = 0 and an away-side peak around ∆φ = π. Both peaks are prominent at larger p T . These observations suggest that a large number of particles (jet), strongly correlated at high p T , are produced in the same direction as D mesons. In the opposite direction, particles are produced but weakly correlated with each other. The baseline of the distributions is a re ection of the underlying event. Since the correlations present the number of associated tracks to one D meson, it is reasonable that the baseline is dependent on the p T of associated tracks. This is con rmed from the comparison between 7 and 13 TeV. The distributions at 13 TeV show a bit higher baseline compared to those at 7 TeV. This can be explained by the fact that larger multiplicities are reached at higher energies.Concerning the theoretical part of this thesis, the event generators PYTHIA8 and EPOS3 are used to obtain correlations between D mesons and their anti-particles in p-p collisions at √ s = 200 GeV, 7 TeV and between D mesons and charged particles in p-p collisions at √ s = 7, 13 TeV and p-Pb collisions at √ s N N = 5.02 TeV. The adopted analysis strategy is similar to one applied in experimental measurements. Consequently, the same kinematical cuts and selection criteria are considered. From PYTHIA8 simulations, at centre of mass energies of the order of the TeV, heavy quarks are produced mostly via the gluon splitting mechanism and at energies of the order of the GeV, the dominant production mechanism 0Topological cut values for D * + in the considered p T bins in pp collisions at 13 TeV.

  parton ladder. The simplest representation for this kind of pomerons is displayed in the left diagram of gure.D.5 where two gluons are exchanged and coupled directly to the external partons. Following the same procedure of cylinder cutting and considering the right half will give the planar representation shown in the right diagram of gure.D.6 which includes one internal gluon only. The cut line is similar to the one presented for the case of soft pomeron, in addition to that, it incorporates external partons.
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 5 Left: representation of a hard pomeron (val-val type). Right: Planar representation of a hard pomeron[START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF].

  deeltjes gepresenteerd. Deze correlaties zijn gemeten met de ALICE detector bij een botsingsenergie van √ s = 13 TeV aan de Large Hadron Collider (LHC). De gemeten azimutale correlatiefuncties laten, zoals reeds geobserveerd bij de lagere botsingsenergie van 7 TeV, een piek zien bij ∆φ = 0 en ∆φ = π, bovenop een onderliggende distributie. We zagen tevens dat de gemeten pieken meer prominent worden voor deeltjes met hogere transversale momenta. Dit laatste suggereert dat er tijdens de botsing een groot aantal geladen deeltjes geproduceerd wordt in dezelfde richting als het D-meson, een zogeheten jet. In de tegengestelde richting worden er ook meer deeltjes gevonden hoewel deze minder sterk met elkaar gecorreleerd zijn. De vergelijking tussen de 7 en 13 TeV botsingsenergieën laat ons zien dat de onderliggende distributie afhankelijk is van het totaal aantal deeltjes dat geproduceerd wordt omdat deze bijdrage toeneemt met het toenemende aantal deeltjes bij hogere botsingsenergieën. Om deze metingen te vergelijken met de theoretische voorspellingen hebben we de botsingen gesimuleerd met de modellen PYTHIA8 en EPOS3. Middels deze modellen hebben we gekeken naar de correlaties tussen D-mesonen en hun antideeltjes in proton-proton botsingen bij √ s = 200 GeV en 7 TeV en tussen D-mesonen en geladen deeltjes in proton-proton botsingen bij √ s = 7 en 13 TeV. Daarnaast hebben we met deze modellen ook naar protonlood botsingen gekeken bij √ s N N = 5.02 TeV. Voor deze vergelijking hebben we de gesimuleerde botsingen op dezelfde manier geanalyseerd als de ALICE metingen bij de LHC.

  Concernant la partie théorique, les générateurs d'événements PYTHIA8 et EPOS3 sont utilisés pour obtenir les corrélations entre les mésons D et leurs anti-particules dans les collisions pp à √ s = 200 GeV, 7 TeV et entre les mésons D et les particules chargées dans les collisions pp à √ s = 7, 13 TeV et collisions p-Pb à √ s N N = 5, 02 TeV. La stratégie d'analyse adoptée est similaire à celle appliquée dans les mesures expérimentales. Par conséquent, les mêmes coupes cinématiques et critères de sélection sont considérés. A partir des simulations PYTHIA8, aux énergies du centre de masse de l'ordre du TeV, les quarks lourds sont produits principalement via le mécanisme de séparation des gluons et aux énergies de l'ordre du GeV, le mécanisme de production dominant est la création de paires. D'un autre côté et selon les comparaisons effectuées pour différentes observables, les mésons lourds au niveau des hadrons reproduisent l'attitude des quarks lourds au niveau des partons. Il a également été constaté que le rayonnement à l'état initial et final (ISR/FSR), ainsi que la reconnection des couleurs (CR), n'ont pas d'impact significatif sur les corrélations. Ce n'était pas le cas pour Multiple Parton Interaction (MPI) où son absence minimise la division des gluons qui est une source importante de saveurs lourdes à des énergies plus élevées. Pour le générateur d'événements EPOS3/EPOSHQ, les comparaisons ont été effectuées entre les prédictions et les données expérimentales. Les prédictions décrivent bien les données qualitativement. Dans les collisions p-p à 7 TeV, un meilleur accord a été établi avec les distributions d'une ligne de base soustraite. Cela indique que la différence entre les données et les prévisions est due à un traitement différent des événements sous-jacents. Concernant la comparaison entre les distributions dans les collisions p-p à 7 et 13 TeV, il est clair que les événements sous-jacents (la ligne de base) étaient un peu plus élevés à 13 TeV où la multiplicité devrait être plus grande. Les prédictions d'EPOS décrivent assez bien les corrélations D 0 -D0 / D + -D -dans les collisions pp à √ s = 7 TeV mesurés par la collaboration LHCb. Les prédictions EPOS décrivent aussi bien les corrélations D * + -D * - dans les collisions pp à √ s = 500 GeV mesurées dans la collaboration STAR mais elles ne décrivent pas les corrélations entre les mésons D * et les particules chargées dans la même énergie. Concernant la comparaison entre les données et les prédictions de EPOSHQ dans les collisions p-Pb à 5,02 TeV, seul un accord qualitatif est établi. La leçon tirée des études présentées dans ce manuscrit suggère la nécessité de certaines améliorations du côté de la modélisation, comme l'implémentation correcte du méson D * dans EPOSHQ. De plus, il semble indispensable de réaliser une étude détaillée de la multiplicité et des événements sousjacents pour différentes échelles énergétiques. Pour le côté expérimental, la consiération de différentes techniques d'analyse est conseillée. Par exemple, il est cruciale de faire l'analyse pour plus d'une dimension. La masse invariante du méson D * doit être traitée différemment au moins en considérant la bande latérale gauche. De plus, les corrélations D-hadrons représentent une mesure extrêmement importante mais pas suffisante. Les corrélations D -D sont nécessaires pour obtenir des informations complémentaires permettant une estimation correcte des mécanismes de production de charme. Enfin, la mise à niveau du détecteur ALICE avec l'inclusion du nouveau tracker au silicium performant à la pointe de la technologie (ITS2) et du nouveau TPC capable de faire une lecture en continu feront avancer les mesures de plusieurs étapes permettant à l'expérience d'effectuer une investigation directe des corrélations azimutales D -D et des études de haute précision pour le secteur Dh. First of all, I would like to thank in nitely my supervisors for accepting me in this PhD program and giving me the chance to join such a scienti c community to work on the cutting-edge topic of research, to be a part of this amazing journey and to have an experience in such a wonderful eld of particle physics either the experimental part by working at CERN or the theoretical part by working with EPOS the state of the art event generator.I am grateful to my principal supervisor Dr. André Mischke, who passed away at the end of my PhD, who assisted me and followed my advancement step by step from the beginning and I pro t to express my condolence, and I wish for him the eternal rest in peace from his illness and pain. I am thankful to Prof. Paul Kuijer for his help in administrative procedure, and I appreciate all the support provided by Prof. Raimond Snellings at the beginning and the end of this PhD from all sides administrative or educational and for his contribution to the correction of the nal manuscript. I am thankful to Prof. Jörg Aichelin and Prof.Pol-Bernard Gossiaux for their support and patience during my presence in Nantes for all the explanation and advice.I am thankful to many other people I have met and worked with during my presence at CERN, Utrecht and Nantes and even those that I have never met, but they were always there supporting me whenever I needed them. I am grateful to Dr. Alessandro Grelli for the fruitful discussions and the contribution to correct the nal manuscript. I would like to thank the PWG-HFCJ people Elena Bruna, Andrea Rossi for all the fruitful discussions, especially Dr.Fabio Colamaria for the discussions, for his patience, availability and understanding. I am thankful to Sara Porteboeuf for the interesting discussions on the technical details related to PYTHIA and Klaus Werner for the interesting discussions on EPOS/EPOSHQ simulations.I would like to thank as well Shyam, Sandro, Annelies, Redmer, Ed, Hamza, Syafudin and Benjamin.I am so grateful to my friends: Turkistan, Jamila, Karima, Rosane, Ahlem and Shimaa, the nicest company I have ever had during these years, for the support and help during hard times and the advice in crucial moments. Titre : Corrélations angulaires azimutales entre les mésons D *+ et les hadrons chargés dans les collisions proton-proton à 13 TeV avec l'expérience ALICE au LHC Mots clés : Corrélation, Saveur lourde, méson D * , QCD, collisions proton-proton, ALICE, PYTHIE8, EPOS3, EPOS@sHQ Résumé : Les collisions d'ions lourds à des vitesses ultra-relativistes permettent la création d'un nouvel état de la matière où les quarks et les gluons sont déconfinés dans ce qu'on appelle le Plasma Quark-Gluon (QGP). On pense qu'un tel état de la matière était présent dans notre Univers quelques microsecondes après le Big Bang. Les propriétés QGP sont étudiées au moyen de sondes. Les quarks lourds (charme et beauté) sont parmi les sondes les plus appropriées car, en raison de leurs masses importantes, sont produits tôt dans la collision et par conséquent, ils témoignent à la pleine évolution du système tout en perdant de l'énergie dans le QGP via des processus collisionnels et radiatifs. Les mesures de la production de quarks lourds et de leur corrélation azimutale avec des particules plus légères dans de petits systèmes (collisions proton-proton et proton-ion) constituent un test rigoureux de Chromodynamique Quantique perturbatrice (pQCD) est une référence obligatoire pour les mesures d'ions lourds afin de démêler les effets de la matière nucléaire froide et chaude. Dans ce manuscrit, nous étudions les corrélations azimutales de mésons charmés (D * , D 0 , D + ) avec des particules chargées. L'étude est réalisée sur des données réelles et une simulation pour différentes énergies de collision. Les données proton-proton utilisées ont été collectées par la collaboration ALICE au CERN Large Hadron Collider tandis que les études de simulation sont réalisées avec les générateurs d'événements PYTHIA8 et EPOS3/EPOS@sHQ. Au moyen d'études de corrélation, nous visons à faire la lumière sur les mécanismes de production de quarks lourds imposant des contraintes aux calculs de pQCD. Dans le même temps, nous construisons la référence nécessaire pour les futures études de corrélation des mésons D dans les collisions d'ions lourds visant à étudier le charme et la beauté dans la perte d'énergie moyenne. Title: Azimuthal angular correlations between D *+ mesons and charged hadrons in proton-proton collisions at 13 TeV with the ALICE experiment at the LHC Keywords : Correlation, Heavy flavour, D * meson, QCD, proton-proton collisions, ALICE, PYTHIA8, EPOS3, EPOS@sHQ
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B.3 in the Appendix.B. The daughters of the D * + (kaons and pions) are not considered. • E ciency correction for tracks : The correction for the e ciency of the tracks is needed for the same reason mentioned earlier for the D * + mesons. A Monte Carlo sample (LHC17d20a1_extra and LHC17d20a2_extra) is also exploited. In this sample, there is no enhancement concerning the production of any particle species which is convenient to correct for associated tracks e ciency. An example distribution is presented in Figure.4.6.

  Kinky string model : representation of a kinky string (dotted vertical lines) and nal state hadrons (circles)[START_REF] Drescher | Parton-based Gribov-Regge Theory[END_REF].

			η	0.8
		Require Sigma To Vertex (esd track cuts)	kFALSE
		RequireTPCRe t (esd track cuts)	kTRUE
		RequireITSRe t (esd track cuts)	kFALSE
		MinNClustersTPC (esd track cuts)	70
		MinNClustersITS (esd track cuts)	3
		MaxChi2PerClusterTPC (esd track cuts)	4
		MaxDCAToVertexZ (esd track cuts)	1 [cm]
		MaxDCAToVertexXY (esd track cuts)	1 [cm]
		p T Range (esd track cuts)	[0.3-1e10] GeV/c
	F	D.4:	η range (esd track cuts)	[-0.8,0.8]
	Maximum number of events in pool (event mixing)	200
	Minimum number of tracks in pool (event mixing)	10000
	Minimum number of events to mix (event mixing)	1
		Target Frac tracks (event mixing)	0.0025
		Number of pool bins (event mixing) Multiplicity bin limits (event mixing)	3 × 3 0, 20, 35, 200
		Z vtx bin limits (event mixing)	-10, -2.5, 2.5, 10
			min p T (AOD tracks)	0.3 GeV/c
			max p T (AOD tracks)	10000 GeV/c
		min impact parameter (AOD tracks)	-1000000000. GeV/c
		max impact parameter (AOD tracks)	10000. GeV/c
			FilterBit (AOD tracks)	kTrkTPCOnly
	max dca between two daugters (cm) (AOD v0)	0.2
		max chi square (AOD v0)	2
		min decay length (cm) (AOD v0)	2
		max decay length (cm) (AOD v0)	1000
	min opening angle between two daugters (AOD v0)	1000
		min p T of k0 (GeV/c) (AOD v0)	0.
		eta acceptance (AOD v0)	0.9
		Sigma for TPC compat (PID)	3
		Sigma for TOF compat (PID)	3
	T	B.3: The cut values applied on the associated charged tracks mea-
			sured in minimum bias pp collisions at 13 TeV
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the one observed in the distributions measured in pp at 7 TeV. This is reasonable because of the high produced multiplicity in p-Pb collisions. For the same reason, the magnitude of the peaks or the number of associated particles with one trigger (D meson) is larger compared to the measured one in pp at 7 TeV.

The distributions from EPOSHQ reproduce qualitatively the distributions from measurements. The distributions from data are underestimated at low p T of associated particles, but the agreement is more promising at high p T of associated particles. The discrepancy (underestimation of the data) is large around the peak positions in the integrated p T range of associated particles and over the whole ∆φ range for associated particles with 0.3 < p T < 1 GeV/c. These observations are relevant for intermediate and high p T of D mesons.

In the second data set, collected during 2016 by ALICE experiment for p-Pb collisions, the statistics were large enough to obtain correlations in a wider p T range, down to 3 GeV/c and up to 24 GeV/c and the considered sub-ranges are 3 to 5 GeV/c, 5 to 8 GeV, 8 to 16

GeV/c and 16 to 24 GeV/c shown in the gure.6.25 and gure.6.26 from the left to the right columns, respectively. Two sets of associated particle thresholds were also considered. The distributions obtained by exploiting the new data with the standard thresholds of associated particles are presented in gure.6.25 with the standard ranges of associated tracks : p T > 0.3 GeV/c (top row), 0.3 < p T < 1 GeV (middle row) and p T > 1 GeV/c (bottom row). The extracted distributions with the new thresholds are shown in gure.6.26 and the considered ranges of associated tracks are 1 < p T < 2 GeV/c (top row), 2 < p T < 3 GeV/c (middle row) and p T > 3 GeV/c (bottom row). The distributions from the experimental measurements are presented in black squares and those from EPOSHQ simulations in blue points.

The new thresholds give a better qualitative agreement between the data and EPOSHQ predictions compared to the distributions obtained with the standard thresholds. One can notice uctuations for larger transverse momentum which might be related to the lack of statistics in the EPOSHQ sample. From the comparison between the correlation distributions in p-Pb and pp collisions, one can deduce that the underlying events and near/away side peaks are similar features between the two collisional systems.

The di erence lies in the magnitude and the baseline level as mentioned earlier in this section. The reason is not only due to the di erence in multiplicity, but it may come from the small QGP droplet created in p-Pb collisions, although the impact looks minor it is not negligible as well. The away side peak, for example, is getting visible and clear only at higher D mesons p T as it was noticed in pp collisions at 7 TeV.

Chapter 7. Conclusions and Perspectives is pair creation. On the other side and according to the performed comparisons for di erent observables, heavy mesons at the hadron level reproduce the pattern of heavy quarks at the parton level. It was found also that the initial and nal state radiation (ISR/FSR), as well as colour reconnection (CR), do not have a signi cant impact on the correlations. This was not the case for Multiple Parton Interaction (MPI) where its absence minimises the gluon splitting which is an important source of heavy avours at higher energies. For the EPOS3/EPOSHQ event generator, the comparisons were performed between the predictions and the experimental data. The predictions describe the data qualitatively well. In p-p collisions at 7 TeV, a better agreement was established with distributions of a subtracted baseline. This indicates that the di erence between data and predictions is due to a di erent treatment of the underlying events. For what concerns the comparison between distributions in p-p collisions at 7 and 13 TeV, it is clear that the underlying events (the baseline) were a bit higher at 13 TeV where the multiplicity is expected to be larger. The partonic pro le function

The partonic pro le function is related to the Fourier transform of the elastic scattering amplitude through the equation,

As it was mentioned in Chapter.6, there are 3 contributions to the elastic amplitude of scattering because of the existence of di erent processes in play in parton-parton interaction (see gure.C.1):

• Soft contribution : or in other words the pure non-perturbative contribution where the virtualities should satisfy the cuto

This contribution dominates the interaction of hadrons at not too high energies. It is presented by a blob in the top left diagram of gure.C.1.

• Hard contribution : this is the symbol of perturbative contribution and it is mainly due to the interaction valence-valence of partons, consequently the virtualities characterizing the internal intermediate partons are larger (Q 2 > Q 2 0 ) where perturbative QCD techniques are applicable. This contribution is presented by the top right diagram of gure.C.1. The horizontal lungs correspond to the nal partons. The virtualities of t-channel increase from the end of the ladder to the blob where the momentum transfer of parton-parton interaction is the largest.

• Semi-hard contribution : it is the consequence of sea-sea partons interactions where the momentum transfer satis es Q 2 < Q 2 0 . In this case, the momentum fraction x is very small (x << 1) so the mass will be larger ∼ Q 2 0 /x and the parton will be slow. The consequence is a non-perturbative parton cascade. A representative example is displayed in the bottom diagram of gure.C.1. The main idea is that dynamics are similar to those taking place in the soft parton-parton scattering where the external legs are connected with parton ladder through a soft pomeron and a hard scattering in the centre as introduced earlier.

Appendix C. The partonic pro le function Appendix D

Hadronization and pomerons

The "hidden complicated structure" of the pomeron, precisely the soft one, can be sym- The kinky string can be visualised at the microscopic level by a three colour-connected partons since the gluon is connected by a colour eld to the quark and the antiquark. For hadronisation, as it was stated in the case of soft pomerons, the procedure can be generalised even for more complicated parton ladders to create nal state hadrons as presented in gure.D.4