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Introduction n 

Itt is well known that matter consists of atoms and that the atom comprises a nucleus sur-
roundedd by a cloud of electrons. In turn the nucleus is made up from neutrons and protons. 
Thesee nucleons are themselves complex structures made from quarks—up (u) and down (d) 
quarks.. Such quarks together with the leptons, of which the electron is the best-known exam-
ple,, appear to be the ultimate constituents of matter and are called matter particles. Leptons 
andd quarks are fermions as they have half-integral (1/2) spin and obey Fermi-Dirac statistics. 
Theyy are also point-like, i.e. there is no experimental evidence for a possible substructure in 
thesee particles at distances down to % 10"16 cm. Each quark has its antiparticle, which has 
thee same quantum numbers and mass as the particle except for the charge which is oppo-
sitee for particles and antiparticles. The particle and its antiparticle can annihilate when they 
collide. . 

Theree exist other fundamental matter particles; they are charged and uncharged leptons 
ass well as their antiparticles. The charged leptons are called electron (e), muon (/x) and tau 
(r),, which have alt the same charge (-1) and differ only in the masses they have. Each of 
themm has its corresponding uncharged counterpart called neutrino (denoted by vG, u^, ur). 
Theyy are assumed to be massless as the experiments give only upper limits on their masses. 
Onee charged lepton and its uncharged counterpart form one of three fermion generations: (e, 
vvQQ),), (/v, z )̂ and (r, uT). 

Thee quarks (q) are all charged fermions. They can either have charge +2/3, up (u), charm 
(c)(c) and top (t), or charge -1/3, down (d), strange (s) and bottom (b). The quarks with charge 
+2/33 are called up-type quarks and the quarks with charge -1/3 down-type quarks. Like the 
leptons,, the quarks are also grouped in pairs to form three quark generations. These pairs 
consistt of an up-type and a down-type quarks: (u, d), (c, s) and (t, b). Thus, the difference 
inn charges between members of a generation is the same for quarks and leptons. From one 
generationn to another the charged leptons and the quarks increase in mass. Our world is 
mainlyy build up from the quarks and leptons of the first generation {(e. ve). (u. d)}. Other 
matterr particles have been discovered in cosmic rays and in accelerator experiments. 

Thee quarks have not been observed as free particles. They appear bounded inside hadrons, 
off  which the proton and neutron are the best-known examples. Therefore, a hadron is not 
reallyy an elementary particle as it is made up from quarks. 

Inn this thesis we wil l study a quark from the second generation: the strange (s) quark. 
Itt forms together with a u or d quark strange hadrons like the charged kaons, K~. The 
DELPHII  detector is equipped with Cherenkov detectors that allow us to identify the charged 
kaonss individually. 
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Otherr fundamental particles called/rf Id particles are carriers of the forces between matter 
particles.. They are the photon (-;,), the gluons (ij), the IT*  and Z°. Of these the best-known 
examplee is the photon, the carrier of the electromagnetic force. All the field particles are 
bosons,bosons, and obey Bose-Einstein statistics. They are considered to be as fundamental as 
thee quarks and leptons. The interactions they represent are the electromagnetic (7), weak 
(U ,, Z°) and strong (g) interactions. These three interactions' differ in strength. The elec-
tromagneticc interaction is a long-range force. The strong and weak interactions play an 
importantt role on distances of < 10"13 cm, i.e. at high-energy interactions. The electromag-
neticc and weak interactions are unified in the so-called electroweak force in the framework 
off  the Electroweak Standard Model. The model predicts that at short-distances (or at high-
energies)) the two components of this force have comparable strengths. 

Att the energy scale of LEP (Large Electron and Positron collider) at CERN (Centre 
Europeenn de Recherche Nucleaire—the European centre for particle physics research, Switzer-
land),, we probe the electroweak model by analysing the decay properties of the 2° boson. At 
LEP,, beams of electrons and positrons of equal energies collide with a centre-of-mass energy 
off  about 91.2 GeV, the mass of the Z°. These Zlf particles are therefore created at rest. The 
Z°° decays into a ferm ion - antifermion (either lepton - antilepton, or quark - antiquark) pair. 
Thee sample of events where the ZlJ decays to a pair of strange quarks (ss) wil l be the subject 
off  this thesis. 

Ann important aspect of the interactions between elementary particles is the fact that they 
conservee certain symmetries. Some of these symmetries are universal, like the conserva-
tionn of momentum, energy and angular momentum. Others are not universal as they can 
bee broken in some interactions. Non-universal symmetries are, for instance, the symme-
triess for space inversion (P), time reversal (T), and charge conjugation (C) (or particle and 
antiparticlee interchange). The P, T, C symmetries are exact symmetries of the strong and 
electromagneticc interactions. The weak interaction violates each of these symmetries. 

Parityy (P) violation in the electroweak interaction results in an asymmetric production of 
ss and ,s quarks with respect to the direction of incidence of the initial electrons and positrons. 
Thee electroweak Standard Model quantitatively predicts this forward-backward asymmetry. 
Itt predicts different values of the asymmetry for down-type and up-type quarks, but the same 
valuess for all down-type (or up-type) quarks. The forward-backward asymmetry for bb and 
cccc pairs has already been measured by experiments at LEP. The measurement of the ,s quark 
(aa down-type quark) forward-backward asymmetry provides a test of the prediction that the 
down-typee quark asymmetries are equal. The subject of this thesis is the measurement o\' the 
.ss quark forward-backward asymmetry in Zu decays: 

++ - r/i) 

Thee thesis is organised as follows. The first chapter discusses the theoretical background 
relevantt for the experimental analysis. It presents the predicted cross-section and forward-
backwardd asymmetry of the fermion pair production at the LEP collider. It shows how 

!Inn fact there is a fourth force: gravity. But this force is in practice so small that it can be ignored at the 
distancee scale we consider. 
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thee forward-backward asymmetries measured at the Z° peak are sensitive through the elec-
troweakk corrections to the mass of the top quark and to the mass of the hypothetical Higgs 
particlee (predicted by the electroweak Standard Model). Chapter 2 introduces the DELPHI 
detector.. It contains a short functional description of all its components and their perfor-
mances.. Chapter 3 is devoted to the DELPHI Ring-Imaging Cherenkov detector system (the 
gaseouss and liquid radiator RICHs in the central (barrel) and forward/backward regions) that 
iss designed for charged hadron identification. It gives extensive details on the ring-finding al-
gorithm,, which has been applied for the charged kaon identification in this analysis. Chapter 
44 describes the event sample selection and background rejection. It also presents the per-
formancee of the high-energy kaon identification in the gaseous radiator of the forward and 
barrell  RICHs. Chapter 5 and 6 present the experimental measurements of the charged kaon 
andd s (strange) quark forward-backward asymmetries, respectively. The measurements are 
interpretedd in terms of the electroweak model parameters in Chapter 6. 

Chapterr 7 summarises the main results of the thesis and makes some concluding remarks. 
Appendixx B presents the derivation of an algorithm for unconstrained optimization— 

thee Manevich's conjugate directions method—that was further developed and applied in this 
thesis. . 

Att the end a summary of the thesis is given. 


