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Summary y 

Thee LHCb detector wil l be situated at one of the interaction points of the Large Hadron 
Colliderr (LHC), the new proton-proton collider that CERN is presently constructing. 
LHCC wil l produce B mesons at high rate, which makes it possible to perform detailed 
studiess of CP violation in the B meson systems. The LHCb detector is designed to max-
imallyy exploit this possibility. This thesis reports on research done on the reconstruction 
off  trajectories of charged particles in the LHCb detector and the effect of reconstruction 
inefficienciess on the measurement of CP violation parameters. 

Thee thesis starts with a brief review of CP violation and how it is incorporated 
inn the Standard Model of particle physics. The existence of CP violation was already 
demonstratedd in the mixing of neutral kaons in 1964. It is argued that much larger CP 
asymmetriess are expected to occur in decays of neutral B mesons. This is confirmed by 
thee recent measurements of the BaBar and Belle experiments showing a large asymmetry 
inn Bd mesons decays as represented by the CP violation parameter sin 2/3 ~ 0.78. Since 
thee theoretical uncertainties in calculations involving b quarks are smaller than for the 
muchh lighter s quarks, the neutral B meson decays is an interesting topic to test the 
internall  consistency of the Standard Model and, possibly, to look for physics beyond 
thiss model. 

Thee LHC is a circular collider of about 27 km circumference in which two proton 
beamss are brought in collision at a centre of mass energy of y/s = 14 TeV. The bunch 
crossingg frequency is 40 MHz. B events can be distinguished by the existence of a 
secondaryy B decay vertex. At the LHC design luminosity of 1034cm~2s_1 on average 
aboutt 27 interactions wil l occur per beam crossing. Because matching secondary decay-
verticess to the corresponding primary interaction vertices becomes difficult under these 
circumstancess LHCb has chosen to run at the lower luminosity of 2 x 1032cm -^s^1 and 
wil ll  accept only single interaction events. 

AA simulation shows that both B hadrons are predominantly produced in the same for-
wardd cone. This feature is exploited in the layout of the LHCb detector, which is a single 
armm forward spectrometer with a polar angular coverage from 10 mrad to 300(250) mrad 
inn the horizontal (vertical) plane. The main tracking detectors provide the measurements 
too reconstruct the trajectories of charged particles and their momenta as the particles 
aree deflected by a magnetic field provided by a large dipole magnet. In addition to the 
trackingg system the LHCb detector comprises a vertex detector measuring the particle 
trajectoriess close to the interaction region, two Ring Imaging Cherenkov (RICH) detec-
torss providing particle identification, an electromagnetic and hadronic calorimeter for 
measuringg the energy of electrons, photons and hadrons and a muon detector to identify 
andd trigger on the muons in the events. 



154 4 Summary y 

Thee main tracking system consists of nine stations of tracking chambers (T1-T9). 
Thee particle rate near the beam-pipe is much higher then for larger polar angles. There-
fore,, to cover the full angular acceptance LHCb has chosen to use two tracking detector 
technologies.. The regions of high track density are covered by an inner tracker based 
onn a silicon technology. The outer tracker covers the remaining part of the acceptance. 
Itt is built out of gas filled drift tubes. 

Inn this thesis the (prototype) tests and the design considerations that have led to 
thee outer tracker design as presented in the outer tracker technical design report, are 
presented.. After a brief review of the operation principle of gas filled drift tubes, the 
selectionn of the drift gas mixture is discussed. The main component of the gas mixture 
iss argon with CO2 as a quencher. To obtain a sufficiently fast drift gas CF  ̂ is added. 
Extensivee aging tests have been performed on various cathode materials of the drift 
tubes.. These measurements show the polymer Kapton-XC to be sufficiently radiation 
hard.. Studies on the electrical properties of the drift tubes show that the addition of 
ann aluminium layer significantly improves conductivity and reduces cross talk. 

Severall  outer tracker prototype modules, with different properties are constructed. 
Fromm 1998 until 2001 some of these prototypes were tested in a particle beam. The 
measurementss of various drift cell properties as a function of varying drift gas compo-
sition,, high voltage and magnetic field settings are described. Measurements as well as 
computerr simulations point to the use of 5 mm diameter straws as tube geometry. A 
finalfinal full scale (2 x 1.6 m) prototype module shows an average cell efficiency of 97.2 %, a 
positionn resolution of about 200 /an and a cross talk level below 6%. Furthermore, the 
maximumm drift time in these drift cells in a 0.0(1.4) T magnetic field is measured to be 
32.5(40.9)) ns. These properties satisfy the requirements for the outer tracker very well. 

Thee remaining part of this thesis is devoted to track reconstruction procedures de-
velopedd for LHCb. Based on simulated data, the momentum, position and direction of 
particless are reconstructed at several important positions in the LHCb spectrometer. 
Too fit these track parameters the Kalman Filter formalism is used. It includes four 
differentt measurement types; the outer tracker hits, the inner tracker clusters and the 
twoo types of vertex detector clusters. The Kalman filter treats multiple scattering and 
energyy loss locally. Therefore, the fitted track wil l follow the true trajectory as closely 
ass possible. The presence of an inhomogeneous magnetic field results in a complicated 
trackk model. Therefore a step-wise 5th order Runga-Kutta method is used to propagate 
thee track parameters. 

Too be able to check the track fit  the expected detector output is simulated. A 
comparisonn of the fitted error on track parameters with the true error {by means of 
pull-distributions)) shows that the errors in these simulations are well understood. At 
thee track creation vertex average resolutions of ~ 27/im on the position and 0.18 mrad 
onn the directions are obtained. The momentum resolution is about 0.40 %. 

Beforee fitting a trajectory the detector measurements have to be assigned to the cor-
respondingg particle. In this thesis a set of pattern recognition algorithms are presented 
thatt solve this problem. The pattern recognition procedure is performed "upstream", 
i.e.. opposite to the particle flow direction. It is split into two sub-tasks: track seeding 
andd track following. The task of the track seeding is to find track segments in the track-
ingg stations T6-T9. The task of track following is to follow these tracks towards the 
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vertexx region by searching in the stations T1-T5 for the measurements corresponding 
too these tracks. 

Thee performance of the pattern recognition algorithms is studied for particles orig-
inatingg from the vertex region and traversing the whole spectrometer. The presented 
trackk seeding algorithm has an average efficiency of . The ghost rate, i.e. the 
percentagee of reconstructed tracks that is not associated to a real particle, is . 
Thee average track following efficiency is . The ghost rate is only 1%. The com-
binedd algorithms give an average efficiency of % and a ghost rate of . 

Thee thesis continues with a study of the LHCb performance in reconstructing two 
benchmarkk B meson decay modes that are relevant for measuring CP violation. A low 
trackk multiplicity decay Bd —> 7r+7r and a high track multiplicity decay Bs —> DfKT 

followedd by Df —  K+K~7r  are considered. The Bd in the decay Bd —  TT+IT~ is re-
constructedd by the LHCb tracking system with a mass resolution of 10.7 MeV/c2. The 
BBss in the decay Ba —  DfKT is reconstructed with a mass resolution of 21.8 MeV/c2. 
Thee event reconstruction inefficiency due to the pattern recognition algorithms is shown 
byy comparing it with ideal, i.e. 100% efficient, pattern recognition. The event re-
constructionn efficiency for the two body decay Bd —> TT+IT~~ is about 94%. The decay 
BBss —  DfK  ̂ with four stable decay products has an event reconstruction efficiency of 
aboutt 79% showing the importance of a high track reconstruction efficiency. 

Att the LHCb nominal luminosity of 2 x 103 2cm_ 2s_1 the expected number of bb pairs 
producedd in single interaction bunch crossings in one year of LHCb operation is 5 -1011. 
Onlyy a fraction of the B hadrons wil l decay in one of the benchmark channels. Further-
more,, not all produced decays are fully reconstructed by LHCb because of acceptance 
effects,, trigger inefficiencies and track and event reconstruction inefficiencies. Taking all 
thesee effects into account it is expected that about 800 Bs —> DfKT events and 5200 
BBdd —+ 7T+7r~ events wil l be observed in one year of data taking. The number of recon-
structedd events determines the precision with which CP violation can be measured with 
thee LHCb experiment. The obtained results are compared with an earlier study on the 
LHCbb performance. The thesis is concluded with a brief outlook on possible algorithm 
andd detector improvements. 
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