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Introduction n 

Almostt all human beings wonder why things are the way they are. The scientific method 
iss the process by which scientists, collectively and over time, endeavour to construct an 
accuratee (that is. reliable, consistent and non-arbitrary) representation of the world[1]. 
Physicistss have been very successful in applying this method to the physical world 
aroundd us. When it comes to the basic constituents of matter and the forces acting 
betweenn them a theory emerged in the past decades, called the Standard Model, that is 
ablee to successfully describe the physics at a length scale of 10_ 16 in terms of a limited, 
butt still unsatisfactory large, number of fundamental parameters. The theory of the 
elementaryy constituents of matter is intimately linked to cosmological questions and in 
particularr to the evolution of our universe after its creation. 

Onee of the still unsolved questions is why our universe consist of matter while anti-
matterr is very rare.. It is common scientific knowledge that a particle and its anti-
particlee can annihilate and for instance produce two photons, and reversely a particle 
anti-particlee pair can materialise out of photons. Just after the big bang a dynamic 
equilibriumm between these reactions kept the number of particles, anti-particles and 
photonss equal. About 10 8 s after the big bang the temperature of the universe dropped 
beloww the threshold for the particle anti-particle pair reaction, i.e. the energy of the 
photonss ceased to be sufficient to generate a particle anti-particle pair. Therefore, 
particless and anti-particles disappeared by annihilation into photons. 

Att present practically no free anti-particles are observed. Furthermore, there is an 
overwhelmingg abundance of photons {about 1 billion photons for each matter particle). 
Inn 1967 the Russian physicist Andrei Sakharov listed three necessary requirements for 
anyy theory that attempts to explain this remarkable fact[2]. One of these requirements is 
violationn of the CP symmetry. The combined Charge and Parity operation transforms 
aa particle state into a anti-particle state. Hence, in case the laws of nature are not 
invariantt under the CP operation particles behave differently from anti-particles. 

CPCP violation was first observed[3] in the decay of neutral kaons in 1964. Measure-
mentss shows this asymmetry to be at a per mille level (e = 2.3  10~3)[4]. The Standard 
Modell  incorporates CP violation by the complex phase in the Cabibbo-Kobayashi-
Maskawaa (CKM) matrix, which links the weak eigenstates of quarks to the mass eigen-
states.. This parametrisation does, however, not provide a deeper understanding of the 
originn of the asymmetry, nor does it explain the magnitude of the matter anti-matter 
asymmetryy in the universe. One of the remaining challenges of high energy physics is 
too find an explanation for CP violation. 

Thee parametrisation does predict CP-violating effects to occur for B mesons. Fur-
thermore,, due to the interference between the mixing and decay amplitudes in the 
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decayy of neutral B mesons the CP asymmetries are expected to be large. Recent 
experiments[5,, 6] indeed show a large CP asymmetry in the decay of Bd; sin 2j3 ~ 0.78. 
CPCP violation is expected in many more B decays. These are, however, expected to have 
smalll  branching ratios (1CT4 — 10~5). Therefore, also taking into account experimental 
(i.e.. trigger, reconstruction and tagging) inefficiencies, a copious source of B mesons is 
needed.. The Large Hadron Collider (LHC), the new proton-proton collider at CERN, 
producess B mesons at a high rate. 

Thee LHCb-detector is designed to study CP violation in the B meson system at the 
LHC.. It aims to study B physics with unprecedented statistics. By making precision 
measurementss on many different B meson decay channels, LHCb wil l be able to test the 
internall  consistency of the Standard Model, and look for physics beyond the model. 

Thee subject of this thesis is the reconstruction of particle trajectories in the LHCb 
experiment.. The thesis contains three components: 

 a study on the design of the outer tracker, one of the LHCb detector sub-systems 
thatt measures the charged particle trajectories, 

 a study of the reconstruction of the particle trajectories from the detector mea-
surements, , 

 a study on the implications of the track reconstruction efficiency and resolution 
onn the measurements of CP violation in B decays. 

Thee outline of this thesis is as follows. 
Chapterr 1 gives an overview of CP violation and how it is incorporated in the 

Standardd Model. Aspects of the neutral B meson system are described. 
Chapterr 2 provides an introduction to the LHCb experiment. It starts with a de-

scriptionn of the LHC, i.e. the accelerator at which the LHCb detector is situated. Al l 
LHCbb sub-detector components are shortly described, with a particular emphasis on 
thee tracking system as it is the main subject of this thesis. The chapter concludes with 
ann outline of the LHCb trigger system. 

Chapterr 3 describes the underlying physics processes of the operation of the LHCb 
outerr tracker straw detector. Furthermore, the selection of the drift gas and the detector 
materiall  is discussed. Four prototype outer tracker modules are presented. 

Chapterr 4 is devoted to the outer tracker prototype tests in a particle beam at CERN. 
Afterr describing the experimental setup and the software, the analysis and results are 
presented.. These measurements were used to design the final outer tracker modules as 
describedd in chapter 2. 

Chapterr 5 describes the procedure to fit trajectories through the measurements of 
thee LHCb tracking detectors. The obtained track parameter resolutions are presented. 

Chapterr 6 starts with an overview of the expected particle fluxes and the detector 
occupanciess in the LHCb experiment. A possible solution to the pattern recognition 
taskk involved in reconstructing the particle trajectories is presented. The chapter is 
concludedd by presenting the performance of these pattern recognition algorithms. 

Chapterr 7 summarises the overall performance of the LHCb tracking system using 
twoo benchmark decay modes. A discussion is given of the (in)efficiency in the event re-
constructionn due to the pattern recognition algorithms of chapter 6. The expected event 
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yieldss in a year of data-taking are presented and compared with an earlier, less detailed, 
studyy presented in the LHCb technical proposal[7]. An estimate of the resolutions on 
measuringg some CP violating parameters is presented. Finally, a brief outlook is given 
onn possible pattern recognition algorithm improvements and on a recently started study 
re-optimisingg the LHCb detector. 
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