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AbstratThe STAR experiment investigates the formation of the Quark Gluon Plasma via theheavy ion ollisions taking plae at the Relativisti Heavy Ion Collider (RHIC) situatedat Brookhaven National Laboratory (BNL), Upton, NY. The prodution of harmquark (in cc̄ pairs) ours in the early stages of the heavy ion ollisions dominantlyvia gluon fusion gg → cc̄. Due to the fat that the yield of harm is a�eted by theonditions of the early stages of the ollision, the measurement of the harm produtionprovides a useful tool for desription of the initial stage that took plae. One ofthe most important �ndings of the experiments at RHIC was the disovery of theanomalous quenhing of jets when passing through the hot and dense matter build innuleus nuleus ollisions. Heavy quarks (harm C and beauty B together) measuredthrough non photoni eletron yields in heavy ion reations at √
snn = 200 GeV atRHIC, exhibit a larger suppression than expeted from the theoretial onsiderations.In order to omprehend this puzzle and understand better the �avor dependene ofthe jet quenhing, the separation of harm and beauty ontributions as well as themeasurement of their quenhing is neessary. In the urrent work we investigate the

D0 yield in various datasets (Cu+Cu, Au+Au, d+Au and p+p) at √snn = 200 GeV.For the Cu+Cu and Au+Au (run VII) for whih the silion strip detetor of STARhas been used for data taking, a mirovertexing tehnique was applied in the analysis,allowing the topologial reonstrution of the D0 harmed meson through its seondaryvertex reonstrution. The Silion Strip Detetor (SSD) was �rst deployed in the year2005 during the Cu+Cu at √
snn = 200 GeV ollisions, allowing the enhanement ofthe traking apabilities by providing a onnetion between reonstruted traks inthe TPC and SVT (Silion Vertex Traker) points. It was observed that the detetorloses a signi�ant perentage of hits of the traks reorded by the TPC. As a resultthe overall traking reonstrution e�ieny drops. A novel luster �nder method isproposed as a tehnial part of this thesis by looking for lusters independently onthe p and n sides of the SSD. This study was performed on data taken from run VII.The new developments ahieved in this thesis onern the suessful appliation ofthe mirovertexing tehniques in the heavy ion environment, the extration of the D0signal in the heavy ion ollisions using these tehniques through the study of e�D0orrelations in p+p, Cu+Cu and Au+Au ollisions.xxvii
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OutlineIn Chapter 1, (p. 1), we present a brief introdution to the theory of nulear inter-ations, the theoretial preditions for the existene of the Quark Gluon Plasma, andthe experimental observables of heavy-ion ollisions. An introdution to to the HeavyFlavor Physis is also presented, along with the theoretial motivation for the e�D0azimuthal orrelations. In the latter method expliation, it is also desribed how theexperimental disentaglement of the ontribution of harm and beauty during heavy ionollisions, is attained.In Chapter 2, (p. 23) we arry on with a desription of the experimental apparatus,namely the relativisti heavy ion ollider (RHIC), along with the four experimentalareas: PHOBOS, PHENIX, BRAHMS and STAR. The latter will be thoroughly pre-sented and the various subsystems along with the future upgrades will be disussed aswell. A short desription of the Silion Strip Detetor (SSD) is also given along withits important role in the amelioration of the traking of STAR.In Chapter 3, (p. 61) we desribe the analysis methodology that is applied onto the various datasets. In partiular, the general appliable event uts as well asthe Quality Assurane (QA) uts applied to the traks, are also disussed. The D0invariant mass reonstrution method is presented, and the various tehniques for thebakground subtration are also disussed.In Chapter 4, (p. 83) we desribe the mirovertexing tehnique that is applied inthe Cu+Cu and Au+Au datasets, exploiting the better traking apabilities o�ered bythe STAR Silion Detetors (SVT and SSD).In Chapter 5, (p. 97) a Monte Carlo study on the mirovertexing tehnique ispresented, allowing to perform a test on the ode onerning the funtionality and QA.In the �nal setions of the Chapter 5, a omparison is being presented, between data(Cu+Cu at √snn = 200 GeV) and MC having as a goal the optimization of uts thatwill be used for the topologial reonstrution of the D0.Having taken into aount the values of the optimized mirovertexing uts extratedby the analysis disussed in Chapter 4, the results on the Cu+Cu dataset are presentedin Chapter 6, (p. 147).We ontinue in Chapter 7 (p. 159) by presenting the results in the p+p datasetat √s = 200 GeV(run VI). In addition, in Chapter 8 (p. 165) we disuss the resultsxxix



xxx OUTLINEof Au+Au dataset at √snn = 200 GeV (run VII), obtained with the e�D0 orrelationtehnique as well as by applying the mirovertexing tehnique.Finally in Chapter 9 (p. 171) we disuss the results in the p+p and d+Au dataset at√
s = 200 GeV of the year 2008. Conerning the tehnial part of the work, in Chap-ter 10, (p. 179) it is presented a new luster �nder method for the Silion Strip Detetor.It is also disussed the urrent luster �nder, and a omparison between these two meth-ods is performed. The data used for this study is from Au+Au at √snn = 200 GeV (runVII). A onlusion of the work is drawn in Chapter 11 (p. 187), summarizing the resultsand the main aspets of the work.



Chapter 1Theoretial IntrodutionThe main fous of the urrent hapter is the theoretial introdution on the nulear strongfore along with the theoretial preditions for the existene of the Quark-Gluon Plasma.Some elements of the observable variables that are used in the experimental nulear physisare also presented. The last paragraphs of the hapter are dediated to the desription ofthe harm formation and its important role in the study of the heavy ion ollisions. In theonlusion of the hapter, it is also presented the theoretial motivation bakground for the
e�D0 azimuthal orrelation analysis.1.1 Quantum ChromodynamisQuantum Chromodynamis (QCD) is the theory that desribes the strong interationexerted among the elementary onstituents of the nulear matter, the quarks. Thefore arriers are alled gluons and the fundamental aspet of this theory is that themediators an interat among them, resulting in 3 or 4 gluon interation verties as anbe seen in Figure 1.1. It was the disovery of the ∆++ baryon that led to the introdu-tion of the olor as a quantum number in order for the wave-funtion of the partileto be anti-symmetri, obeying to the Fermi-Dira statistis. The spei� baryon has atotal spin of J = 3

2
and an be obtained by ombining 3 spin-up (Ju = 1

2
) u quarks.Therefore the total spin of the system hene an be written: J = 3

2
(u↑ u↑ u↑). Sinethe wave funtion was symmetri in spae, �avor and spin, the introdution of olor,solved this problem, sine it was imposed that any permutation in olor results in ananti-symmetri wavefuntion uR↑ uG↑ uB ↑.A quark (q) an obtain one of the three olors, viz. red, green and blue, (RGB).The antipartile, denoted by (q̄), an obtain the anti-olors expressed as yan, magentaand yellow (or anti-red, anti-green and anti-blue R̄ḠB̄). Gluons arry always a pair ofolor and anti-olor. The on�ned states of quarks are alled hadrons and are olorless,1



2 1. Theoretial Introdution(white) entities, omposed in suh a way of quarks and anti-quarks that the overall olorontribution is naught.

Fig. 1.1: Sketh depiting the interation of 3 and 4 gluons, showing the exhange (�ow)of olor.
1.2 The QCD LagrangianThe Lagrangian of the QCD is written:

Lqd = i
∑

f

q̄i
fγ

µ(Dµ)ijq
j
f −

∑

f

mf q̄
iqfi −

1

4
Gα

µνG
µν
α (1.1)with the indies i, j referring to the olor, f to the quark �avor and µ, ν are the Lorentzindies. Also by q we de�ne the quark spinor �eld of dimension 12 (olor ⊗ Dira).The ovariant derivative (Dµ)ij, re�eting the loal gauge invariane, is expressed bythe term (Dµ)ij = δij∂µ − igs

∑ λa
ij

2
Aa

µ where λa
ij are the Gell-Mann matries in the

SU(3) �avor representation. Finally the interation between the gluons is desribed bythe term: Gα
µν = ∂µA

α
ν − ∂νA

α
µ + gsfabcA

b
µA

c
ν , where Aa

µ refers to the gluon �eld and
fabc are the fully anti-symmetri, struture onstants. As mentioned above, for eah Nquark �avor there exist three orresponding olors. In other words for every quark it isassigned a triplet of the SU(3) olor group. Unlike SU(N) �avor symmetry, the SU(3)olor symmetry is expeted to be onserved. On the other hand the gluons ome in



1.3 The Running Coupling Constant 3
32 − 1 = 8 di�erent olors, or else said in a SU(3) olor otet :

RḠ, RB̄, GR̄, GB̄, BR̄, BḠ,
√

1

2
(RR̄−GḠ),

√

1

6
(RR̄ +GḠ− 2BB̄)Conerning the olor singlet

√

1

3
(RR̄ +GḠ+BB̄)it annot be the mediator between the olor harges, sine there is no olor than anbe arried.1.2.1 The Color FatorsThe oupling of the interation between two olors via a gluon exhange is 1

2
c1c2, with

c1 and c2 let be the olor oe�ients in the verties of the interation. By onventionthe quantity expressed in (1.2) is alled olor fator.
CF ≡ 1

2
|c1c2| (1.2)1.3 The Running Coupling ConstantThe potential between the two quarks at a distane r an be written in approximationas (1.3).

V (r) = −4αs

3r
+ kr (1.3)with αs the strong oupling onstant, and k ∼ 1GeV/fm. The �rst term indiates therepulsion and dominates at small distanes. The seond term indiates the attrationand beomes signi�ant at large distanes, not allowing the separation of the quarksat this distane sale, thus talking about quark on�nement. The running ouplingonstant as depends on the Q2, the value of the momentum transfer between partons

Q2 = −(p1 + p2)
2 and is expressed by (1.4).

αs

(

Q2
)

=
αs

(

µ2
)

1 + αs(µ2)
12π

(11n− 2f) ln Q2

µ2

(1.4)Also let n be the number of olors (3 in the S.M.) and f be the number of �avors(6 in the S.M.), as stated in Table 1.1. The term αs(µ
2) refers to the sreening andin spei� α(0) = 1

137
. We also note that there is no restrition on the value of µ,



4 1. Theoretial Introdutionas long as as(µ
2) < 1. Evolving all results to the rest energy of the Z0 boson, thenew world average of αs(MZ) is determined from measurements whih are based onQCD alulations in omplete NNLO perturbation theory, yielding the following value

αs(MZ) = 0.1183 ± 0.0027 [Bethke 03℄.

Fig. 1.2: Running oupling onstant as a funtion of Q. Figure taken from [Bethke 03℄.
1.4 The Asymptoti FreedomAt short distanes the strong fore beomes weak and this is the feature, responsible forthe asymptoti freedom. The onsequenes of the asymptoti freedom are the following:i. In large energies the running oupling onstant is small, thus justi�es the use ofperturbation theory and explains the quasi partoni behavior of quarks and gluonsin large energy sale; andii. in large distane where the oupling onstant is not small αs ∼1, the perturbationtheory seizes to be appliable and the infrared (IR) modes beome of ruial im-portane. Along with the on�nement, the spontaneous hiral symmetry breakingis also manifested.



1.4 The Asymptoti Freedom 5
Tab. 1.1: Overview of the three generations of quarks and leptons families, along with the medi-ators of all fores, exept the gravitational. By qe it is denoted the value of the eletriharge of the eletron (qe = 1.6 · 10−19Cb). Values are taken from [Amsler 08℄.partile family symbol mass [MeV/c2] eletri harge [|qe|]first generationQuarks u 1.5�4.0 +2/3

d 4.0�8.0 −1/3Leptons e− 0.511 −1
ν̄e ≤ 2.2 · 10−6 0seond generationQuarks c 1150�1350 +2/3
s 80�130 −1/3Leptons µ− 105.7 −1
ν̄µ ≤ 0.17 0third generationQuarks t 170900 ± 1800 +2/3
b 4100�4400 −1/3Leptons τ− 1784.1 −1
ν̄τ ≤ 15.5 0fore gauge bosons mass [GeV/c2] eletri harge [|qe|]Strong g (8 gluons) 0 0Eletromagneti γ (photon) 0 0Weak W± 80.3980 ± 0.0250 ±1
Z0 91.1876 ± 0.0021 0



6 1. Theoretial Introdution1.5 The Deon�nement of QuarksThe study of the asymptoti freedom, an be attained with high energy ollisions. Athigh density, the quarks and the gluons an be deoupled over a volume, muh largerthan the nuleoni (∼ 1fm3).

Fig. 1.3: Phase diagram of the nulear matter. Heavy ion ollisions at RHIC are expeted to beof low baryon hemial potential (µB) and temperature (T ) greater than 170 MeV. Thehathed region indiates the urrent expetation for the phase boundary based on lattieQCD alulations at µB = 0. Figure taken from [Rajagopal 09℄.1.6 The QCD Phase DiagramThe phase diagram of the hadroni and partoni matter in terms of temperature T andbaryo-hemial potential µB is presented in Figure 1.3. The hathed region indiatesthe urrent expetation for the phase boundary based on lattie QCD alulations for
µB = 0. The high temperature and the low µB region is expeted to be aessible viaheavy ion ollisions. Colliders with various energies (LHC, RHIC, SPS, AGS, and SIS)an reah di�erent regions in this phase diagram. The QGP matter that an be reatedin the laboratory is believed to have existed in the �rst few miro-seonds after the BigBang. The expeted high temperature and minimum baryoni hemial potential ofthe early universe when QGP matter was reated is shown in the phase diagram. Theregion near the zero temperature and high µB is where the deon�ned high-densityphase is also predited to exist (i.e. in the interior of neutron stars).



1.7 The Physis of the Relativisti Heavy Ion Collisions 7Numerial alulations of lattie QCD an be performed to hek the dependene ofthe temperature on the energy density of the system. In a quark gluon plasma phase,due to the inrease in the number of the degrees of freedom, it is expeted that there willbe a hange in the energy density. Suh a dependene of the energy density ǫ, dividedby T 4 on T = Tc is presented in Figure 1.4. The number of the degrees of freedomrises steeply for temperatures above the ritial value denoted by Tc, orrespondingto a transition of the system to a state where the quarks and gluons are deon�ned(f. Setion 1.5). Let us add also that the ritial temperature is predited to be inthe region of 150�190MeV.

Fig. 1.4: Left: The energy density (ǫ) as a funtion of the temperature (T ) saled by T 4 fromlattie QCD alulation. The realisti ase is for N = 2 + 1 �avors. Right: The pressure(p) as a funtion of temperature (T ) saled by T 4. Note that the pressure is ontin-uous in the region where there is a sharp hange in the energy density. Figure takenfrom [Gyulassy 05℄.
1.7 The Physis of the Relativisti Heavy Ion Colli-sionsAording to the Bjorken senario [Bjorken 82℄, during a heavy ion ollision the fol-lowing phases our in a hronologial order, as depited in Figure 1.5. In partiular:i. Pre-equilibrium state (when formation of the elementary onstituents takes plae).During this phase, the nuleons pass through eah other and parton-parton inter-ations our, where a parton is de�ned as a quark or a gluon. Due to high energydensity, the released partons an re-satter multiple times, losing part of their ini-tial energy in the interation region. A �reball of interating quarks and gluonsexpands and the baryon hemial potential (µB) vanishes at mid-rapidity y = 0,



8 1. Theoretial Introdutionwhile the forward and the bakwards regions, y 6= 0, are rih in baryons orre-sponding to the remnants of the olliding nulei. At this stage the sattering ofhard partons also ours;ii. Chemial and thermal equilibrium: the nulear matter reahes equilibrium at theproper time τ0 (just before the QGP formation) through parton re-sattering inthe medium. The energy density obtained in the ollisions at RHIC is above theritial value, so when the interating medium is thermalised, the QGP might beprodued;iii. The QGP phase, evolving aording to the laws of hydrodynamis;iv. The mixed phase of QGP and the Hadron Gas (HG); andv. the hadronization and freeze-out. In partiular, the expanding QGP ools downfast and quikly reahes the transition temperature. It evolves into the phase ofhadron gas, �nally reahing the state known as hemial freeze-out. The resultinghadroni gas ontinues to expand, ooling down the interation rate between thehadrons. Then the system evolves to the thermal equilibrium; this state is knownas thermal freeze-out. After this moment, hadrons are able to move freely.

Fig. 1.5: Cartoon depiting the spae-time evolution of Quark Gluon Plasma.



1.8 The Quark Gluon Plasma 91.8 The Quark Gluon PlasmaHistorially, the term Quark-Gluon plasma was �rst proposed by Shuryak [Shuryak 78℄.Over the last 20 years many ideas have evolved and a lot of de�nitions have been pre-sented. We shall restrain to the following one: QGP an be a (loally) thermallyequilibrated state of matter in whih quarks and gluons are deon�ned from hadrons,so that olor degrees of freedom beome manifest over nulear, rather than merely nu-leoni, volumes [Adams 05℄. Some theoretial preditions for the existene of QGPare:i. Enhanement of strange partile prodution;ii. J/ψ suppression;iii. the initial temperature of the medium an be measured from the thermal photonsor di-leptons;iv. the jet quenhing; andv. the restoration of the hiral symmetry.

Fig. 1.6: Di-jet fragment azimuthal orrelations in STAR experiment. In d+Au the di-jets remainunquenhed relative to the mono jet orrelation observed in entral Au+Au ollisions. Allruns are at √snn = 200 GeV. It is believed that the existene of QGP is responsible forthe reation of the jet quenhing in Au+Au ollisions, whereas in p+p and d+Au, no suha state of matter seems to be present. Figure taken from [Adams 03℄.



10 1. Theoretial Introdution1.8.1 The Jet QuenhingIt was predited that at high momentum, partons lose energy via gluon radiation pass-ing through the dense QGP matter [Gyulassy 91℄. The latter is alled jet quenhing andan be studied using the Nulear Modi�ation fator, Setion 1.9. The manifestationof the quenhing of jets an be interpreted as:i. Suppression of the yield of high-pt partiles;ii. the ratio p̄/p an be also quenhed beause of the di�erent energy loss in themedium of gluons and quarks; andiii. a orrelation of the impat parameter (Setion 1.10 of the ollision with the jetquenhing yield. The phenomenon is favored in entral ollisions.In Figure 1.6 it is presented results of STAR ollaboration [Adams 03℄, denoting the jetquenhing in Au+Au by the di-jet azimuthal orrelation. The same quantity remainsunquenhed for the p+p and d+Au ollisions at √s = 200 GeV as shown in the sameplot.1.8.2 The Enhanement of Strange Partile ProdutionProposed by J. Rafelski and B. M�uller in 1982 [Rafelski 82℄ as one of the predition forthe existene of the QGP, is the enhanement of strange hadrons. In partiular insidethe deon�ned QGP medium, the strange quark (s) is saturated by ss̄ pair produtionin gg → ss̄ and qq̄ → ss̄ (where q = u, d) reations. The energy threshold for the s and
s̄ prodution in QGP is 300 MeV, whih is approximately the mass of the two quarks,yielding to the prodution of multi-strange baryons and strange antibaryons. Oftenthe ratio of the yield of K/π is onsidered as the expression in order to quantify thestrangeness enhanement. In other words in the QGP state the strange quarks haveto be thermalised.1.8.3 The Suppression of J/ψThe idea was introdued in 1986 by Matsui and Satz [Matsui 86℄ that the harm quark
(c), will be Debye-sreened from its anti-quark c̄, resulting in a J/ψ suppression. Thepotential between the quarks, as stated in Setion 1.3, allows the formation of cc̄, har-monium (J/ψ, ψ′, χc) and bb̄ states alled bottomonium suh as Υ, χb, Υ′, etc.The NA50 ollaboration [Beole 00℄, announed suh a suppression in the hannel
J/ψ → µ−µ+. Quantitatively the suppression of the J/ψ is measured with respetto the Drell-Yan muons proess, where the latter proess sales down with the numberof the binary N+N ollisions.



1.8 The Quark Gluon Plasma 111.8.4 PhotonsThe photons an be reated during heavy ion ollisions, as a result of:i. In the early stages of the ollisions the prompt photons initially are reated byparton-parton sattering and this phase is ommon both in p+p and in A+A ol-lisions;ii. during the QGP phase, photons are emitted as a result of the quarks undergoingollisions with other quarks and gluons in the reated medium;iii. as the system expands and ools, the hadronization takes plae at a temperature
T = 150�200 MeV allowing the sattering of light un�avored mesons suh as the
π, ρ and ω. Also the light neutral mesons ontribute via the deays π0 → 2γ and
η → 3π0 in the spetrum from a few MeV spanning to several GeV; andiv. �nally through the kineti freeze-out, the resonanes ontribute mostly in the pho-ton spetrum in the energy domain of some MeV.Diret photons are an interesting tool to study the possible QGP formation. They areprodued in:i. q + q̄ → g + γ: quark-antiquark annihilation; andii. q + g → q + γ: quark-gluon Compton sattering.The diret photons do not ome from hadroni deays. Theoretial models predit thatthe thermal photons should dominate the diret yield of photons at a low transversemomentum. As the yield of thermal photons falls o� exponentially with transversemomentum, the diret photons from the initial hard sattering will dominate the spe-trum at higher transverse momentum values. Additionally, a ontribution of photonsprodued during parton fragmentation is observed. The measurements of thermal pho-tons an provide information about temperature. Measurements of the prompt photonsallow the study of the jet properties interating with the medium.The prodution of the prompt photons is represented by the nulear modi�ationfator (Setion 1.9) with the yields of hadrons in A+A ollisions relative to the saledreferene measured in p+p ollisions. Thus diret photons provide a tool to hek thebinary ollision saling sine their prodution is not a�eted by the medium produedin the �nal stage of the interation. At RHIC energies it is possible to study diretphotons in Au+Au, d+Au and p+p ollisions. Prompt photons in p+p ollisionsprovide an exellent test of QCD formation, while results from d+Au ollisions maybe used to investigate nulear e�ets.



12 1. Theoretial Introdution1.8.5 Di-leptonsAlong with photons, the study of leptons is proven to be an interesting tool in orderto dedue the properties of the formation of matter during heavy ion ollisions. Dueto the fat that leptons do not interat strongly with the medium, they exhibit asimilar behavior like photons in terms of prodution stages. In partiular, there existprompt di-leptons reated from the hard sattering proesses, as well as thermal onesemitted from the QGP. Finally during the hemial freeze-out di-leptons are produedas byproduts of the meson deays.Resonanes suh as ρ, φ and ω are the main soures for the thermal di-lepton re-ation below the energy domain of 1.5 GeV. Medium e�ets an broaden the width of the
ρ resonane. In the region≤ 2 GeV, the semileptoni deays of heavy �avor mesons andDrell-Yan proesses (qq̄ → l−l+) are favored, produing su�ient di-leptons. For higherenergy sale the di-leptons an also be a result of the deay of J/ψ, ψ′, Υ, Υ′ and Z0.

Fig. 1.7: Upper : LQCD alulations for two dynamial quark �avors showing the oinideneof the hiral symmetry restoration, marked by the rapid derease of hiral ondensate
〈

ψψ̄
〉 (right frame) and deon�nement (left frame) phase transitions. Lower : The hiraltransition leads toward a mass degeneray of the pion with salar meson masses. All plotsare as a funtion of the bare oupling strength β used in the alulations; inreasing βorresponds to dereasing lattie spaing and to inreasing temperature. Figure takenfrom [Adams 05℄.



1.9 The Nulear Modifiation Fator 131.8.6 The Restoration of Chiral SymmetryThe expetation value 〈

ψψ̄
〉 is often alled quark ondensate and gives a desriptionof qq̄ pairs found in the QCD vauum. The breaking of the hiral symmetry, involvesthe on�ned quarks that do not have zero mass, but rather a few hundreds of MeV,f. Table 1.1. At high temperature, the quark ondensate tends to vanish, thus talkingabout the restoration of hiral symmetry. The phase during whih neither on�nement,nor hiral symmetry breaking ours, is generally attributed to the presene of QGP.Using lattie QCD (LQCD) alulations, in order to extrat physially relevantpreditions and to be extrapolated from the disrete ase to the ontinuum (lattiespaing approahes zero), hiral (atual urrent quark mass) and thermodynami (largevolume) limits, the deon�nement transition may be aompanied by a hiral symmetryrestoration transition, f. Figure 1.7.1.9 The Nulear Modi�ation FatorThe omparison of the partile spetra measured in Au+Au ollisions and the spetrain whih the QGP is not present, suh as the d+Au and p+p systems, allows the betteromprehension of the partile prodution mehanisms. A useful tool to ahieve thisomparison is the nulear modi�ation fator as de�ned in (1.5).

Raa (pt) =
d2Naa/dptdη

(〈Noll〉 /σpp)(d2σpp/dptdη) (1.5)The yield in nuleus-nuleus ase (A+A) is ontained in the numerator. The denom-inator ontains a alulation of the Glauber Model, as desribed in Setion 1.10. Inpartiular, it sales down to the d2σpp
dptdη�for the p+p yield�and for a given entrality,by the number of binary ollisions 〈Noll〉 in the A+A ase.1.10 The Glauber ModelIn the heavy ion ollisions the values that desribe the geometry of the ollision are:i. The mean impat parameter 〈b〉, whih is the distane between the enters of the2 nuleons (f. Figure 1.8);ii. the mean number of the partiipating nuleons 〈Npart〉, that take part in at leastin one ollision;iii. the mean number of the binary ollisions 〈Noll〉 sine a nuleon an undergo morethan one ollision; and



14 1. Theoretial Introdutioniv. the number of the nuleon-spetators, i.e. the nuleons that did not partiipate inthe ollision, (f. Figure 1.8).Experimentally we have no diret information about any of the above set of variables,rather than a measurement of the emitted harged partiles given by the various sub-detetors. The Glauber model [Glauber 59℄, is a geometrial interpretation of theollision of the nulei, allowing the dedution of the above ollisional variables. Inpartiular, this model onsiders the ollision of the two nulei in terms of the individualinterations of the onstituent nuleons. The following assumptions are being made:i. The nuleons' trajetory is a straight line and parallel to the beam axis; andii. a nuleus-nuleus (A+A) ollision is onsidered as a superimposition of the subse-quent nuleon-nuleon (N+N) ollisions.Furthermore the model onsiders aWoods-Saxon density (1.6) for the spae distribution
ρ(r)h of the nuleons:

ρh(r) =
ρ0

1 + e
r−rc

c

(1.6)where rc = r0 · A
1

3 . The parameters to be determined are rc and c. Conerning theonstant ρ0, it is alulated in that way in order to ful�ll (1.7) [Cottingham 01℄.
∫

ρh(r) d3
r = 4π

∫ ∞

0

ρh(r) r2dr = Z (1.7)As an appliation of (1.7), we also note that ρ0, r0 and c are onstants, e.g. in the aseof the Au nulei, the onstants are r0 = 6.38 fm, c = 0.535 fm yielding ρ0 = 0.169 fm−3.
b

b

Fig. 1.8: Left : Cartoon depiting a peripheral ollision. Right : Cartoon depiting a entral ol-lision. In both �gures it is also represented the z-(left) and transverse (right) pro�le ofeah ollision.



1.11 The Experimental Quantities 151.11 The Experimental QuantitiesIn the experimental nulear and partile physis, the phase spae observables of parti-les emerging from a heavy-ion ollision are the following:1.11.1 RapidityLet us onsider a partile with a 4-momentum given by (1.8)
pµ = (E, px, py, pz) (1.8)The rapidity y is hene de�ned by (1.9)
y ≡ 1

2
ln
E + pl
E − pl (1.9)where pl is the longitudinal momentum (1.10) omponent usually�for onveniene�onsidered along the beam diretion. Also, the angle of emission is denoted by θ.

pl = p cos θ (1.10)Under a Lorentz transformation along the beam axis, the value is additive y′ = y + a,(Appendix A.1). The latter is of extreme importane when omparing ollider to�xed target experiments. For ollider experiments the enter of the momentum frameoinides with the laboratory frame (f. Appendix A.4).1.11.2 PseudorapidityThe purely experimental value of a partile's trak, sine the exat value of the par-tile mass remains unknown only until after the partile identi�ation (PID) is alledpseudorapidity η and is being de�ned as:
η ≡ − ln tan

θ

2
(1.11)When the momentum of a partile beomes omparable to its energy (p ≈ E), thenthe value of pseudo-rapidity is approximately equal to the value of rapidity (η → y),(f. Appendix A.2). In the mid-rapidity region the distributions of dN/dy and dN/dηare orrelated with a fator depending on the mass of the partile.



16 1. Theoretial Introdution1.11.3 The Transverse Momentum, Energy and MassFor a partile with a 4-momentum as in (1.8), the transverse momentum pt is beingde�ned as
pt ≡ √

p2
x + p2

y (1.12)and is Lorentz invariant under transformations in the z-axis. Sine it originates fromthe ollision energy, it o�ers a tool for the study of the ollision dynamis. In a similarway, the transverse mass is de�ned by (1.13)
m2t = m2 + p2t (1.13)Also the transverse energy Et is given by (1.14).
Et = mcpt (1.14)Finally a very useful expression is (1.15).
Et = E · sin θ (1.15)Let us also note that (1.15) will be used later for our analysis, in partiular it willserve to identify the towers that are above the threshold (f. Table 3.3) in the BarrelEletromagneti Calorimeter (BEMC) as it is stated in Setion 2.16.1.11.4 The Energy DensityThe idea is attributed to Bjorken, that in order to explore the QGP we need to knowthe energy available (in the order of magnitude of GeV/fm3) [Bjorken 83℄. In partiu-lar during the ollisions the nulei due to Lorentz ontration, are fored to re-shapeinto diss, in the lab frame. The total kineti energy of the nulei, beomes the initialonditions for the reation of the medium. The energy density (ǫ), is therefore propor-tional to the transverse energy Et per rapidity unit as measured in the mid-rapidity(y = 0) of the enter-of-mass referene frame.

ǫ =
1

Aττ0
· dEt
dy

∣

∣

∣

∣

y=0

(1.16)The τ0 orresponds to a typial order of magnitude of 1 fm/c, the time neessary for thethe hydrodynami evolution to be established. The Aτ orresponds to the transversesurfae where the energy was deposited. For a perfetly entral ollision, it an be usedas the surfae of the dis Aτ = π · R2.



1.12 The Physis of Charm 171.11.5 LuminosityThe rate R of a physial proess with a ross setion denoted by σ, is given by the:
R = σ · L (1.17)where L stands for the luminosity, desribed by the formula:

L = f
N1N2

4πσxσy
(1.18)where f is the frequeny of the ollisions, N1, N2 are the numbers of ions inluded ineah paket, bunh, of eah beam and the σx, σy are the Gaussian transverse pro�les ofthe beams. In Table 2.1, the values of the integrated luminosities of the RHIC for theoperating years 2000�2009 are desribed.1.12 The Physis of CharmThe prodution of the harm quark (in cc̄ pairs) ours in the early stages of the heavyion ollisions dominantly via the gluon fusion gg → cc̄ [Abelev 08℄. Due to the fatthat the yield of harm is a�eted by the onditions of the early stages of the ollision,the measurement of the harm prodution provides a useful tool for the desriptionof the initial stage that took plae. Due to their large mass (m > 1 GeV/c2), theheavy quarks (harm and bottom) are to be primarily produed by hard satteringproesses (high momentum transfer) in the early stages of the ollision and, therefore,are sensitive to the initial gluon density [Lin 95℄. The prodution of the heavy quarkby thermal proesses later in the ollision is low sine the expeted energy available forpartile prodution in the medium (∼ 0.5 GeV/c2) is smaller than the energy neededto produe a heavy quark pair (> 2.4 GeV/c2). The study of the energy loss of partonsin the hot and dense QCD matter an be performed at RHIC energies. The energyloss of a heavy quark, is expeted to be lower than that of the light one. This result isexplained beause of the suppression of the gluon radiation at small angles, aordingto the dead one e�et [Dokshitzer 01, Djordjevi 05℄. The prodution of the J/ψ innulear ollisions is suppressed due to the Debye sreening of the cc̄ pairs.The states of the cc̄ suh as the χc and ψ′, as they are more dissoiated, are sup-pressed even more than the J/ψ. The energy loss of the heavy quark mesons is studiedthrough the measurements of the pt spetra of their deay eletrons. At high pt, themehanism of eletron prodution is dominant enough to reliably subtrat other souresof eletrons like onversions from photons and π0 Dalitz deays. RHIC measurementsin entral Au+Au ollisions have shown that the high pt yield of eletrons from semilep-toni harm and bottom deays is suppressed relative to properly saled p+p ollisions,usually quanti�ed in the nulear modi�ation fator Raa [Abelev 07, Adare 07℄.
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Fig. 1.9: Nulear Modi�ation Fator Raa for the non-photoni eletrons. Figure takenfrom [Bielik 06℄.The nulear modi�ation fator (Raa), shown in f. Figure 1.9, exhibits an unexpet-edly similar amount of suppression as observed for light quark hadrons, suggesting sub-stantial energy loss of heavy quarks in the produed medium. The energy loss models,inorporating ontributions from harm C and bottom B, do not explain the observedsuppression su�iently [Djordjevi 06, Armesto 06℄. Although it has been realized thatthe energy loss by elasti parton sattering ausing ollisional energy loss is probably ofomparable importane to the energy loss by gluon radiation [Wiks 07, van Hess 06℄,the quantitative desription of the suppression is still not satisfying. Furthermore, ithas been shown that the ollisional dissoiation of heavy meson in the medium may besigni�ant in heavy-ion ollisions [Adil 07℄.However, the theoretial models whih inlude energy loss from harm only desribethe observed suppression reasonably well [Caiari 05℄. The observed disrepany be-tween the data and the model alulations ould indiate that the dominane over Dmesons starts at higher pt as expeted. Theoretial alulations implying perturbativeQCD (pQCD) have shown that the rossing point where bottom deay eletrons startto dominate over harm deay eletrons is largely unknown [Caiari 05, Vogt 08℄.Therefore, the relative ontributions from harm and bottom meson deays to ele-trons have to be determined separately. In Setion 1.13 it is presented an experimentaldisentaglement method of the ontribution of the C and B.



1.13 The Azimuthal Angular Correlation Method 191.13 The Azimuthal Angular Correlation MethodIn Quantum Chromodynamis (QCD), due to the �avor onservation, it is imposedthat the heavy quarks are produed in quark anti-quark pairs (namely cc̄ and bb̄). Amore detailed understanding of the underlying prodution proess may be obtainedfrom events in whih both heavy-quark partiles are deteted. In addition, due tomomentum onservation, these heavy-quark anti-quarks pairs are orrelated in relativeazimuth (∆φ) in the transverse plane with respet to the olliding beams, leading tothe harateristi bak-to-bak oriented sprays of partiles (di-jet).

Fig. 1.10: Fragmentation of a bb̄ pair (left) and of a cc̄ (right). Figures taken from [Mishke 09a℄.We an onsider the typial deays of cc̄ and bb̄ as they are shown in Figure 1.10.This di-jet signal appears in the azimuthal orrelation distribution as two distintbak-to-bak Gaussian-like peaks around ∆φ = 0 (near side) and ∆φ = π (away side),shown in Figure 1.11. The orrelation in their azimuthal opening angle survives thefragmentation proess to a large extent in p+p ollisions. Studies exploiting the angularorrelations of pairs of high pt partiles, have suessfully been performed in order toinvestigate on a statistial basis the properties of the produed jets [Arsene 05℄. In theurrent orrelation method, the harm and the bottom prodution events are identi�edusing the harateristi deay topology of the jets. In partiular, harm quarks (c)predominantly hadronize to D0 mesons via (1.19) while bottom quarks produe D0 viathe intermediate B meson deay as in (1.20) [Amsler 08℄.
c → D0 +X, B.R. = 56.5 ± 3.2% (1.19)
b → B−/B̄0/B̄0

s → D0 +X, B.R. = 59.6 ± 2.9% (1.20)



20 1. Theoretial IntrodutionThe branhing ratio for harm and bottom quark deays is given in (1.21)�(1.22).
c → e+ anything, B.R. = 9.60% (1.21)
b → e+ anything, B.R. = 10.86% (1.22)While triggering on the leading eletron (trigger partile), the balaning heavy quark,identi�ed by the D0 meson through the hadroni deay (1.23), is used to determinethe underlying prodution mehanism (probe side).
D0 → K−π+, B.R. = 3.89% (1.23)
B → D̄0 +X, B.R. = 59.60% (1.24)

Fig. 1.11: Leading order PYTHIA azimuthal orrelation distribution of non-photoni eletrons and
D0 mesons from harm and bottom ontribution. Left : for like-sign e�K pair. Right :for unlike-sign e�K pair. Figures taken from [Mishke 07℄.A harge sign requirement between the trigger eletrons (e) and the deay kaon (K)provides a powerful tool in order to separate events originating either from a cc̄ or a bb̄fragmentation hannel. As an example, in Figure 1.10 it is illustrated a shemati viewof the fragmentation of a bb̄ (left) and a cc̄ pair (right), respetively. The orrespondingazimuthal orrelations (of the e�D0) are shown in Figure 1.11. Assuming that thetrigger lepton is an eletron e− oming from the fragmentation of a c̄ or b quark, thepartner harm quark has to be a c, therefore produing a pair K−π+. The bottomquark on the opposite side is a b̄ whih produes K+π− pairs via the dominant deaymode (1.24). However there is another hannel [Amsler 08℄, less probable as stated in(1.25) yielding adequately K−π+ pairs.

B → D0 +X, B.R. = 9.1% (1.25)
B− → D0 + e− ν̄e (1.26)



1.13 The Azimuthal Angular Correlation Method 21In addition, both semileptoni B deays (1.22) and (1.26) are expeted yielding ad-equately: e−K− and e+K+ pairs. As a onsequene, the eletron-kaon pairs withopposite harge sign, alled unlike sign (ULS), an prompt the identi�ation of B de-ays on the away-side of the azimuthal orrelation distribution between deay eletronsand D0 mesons. By requiring the like-sign (LS) e�K pairs, it is possible to selet thebottom ontribution on the near side and harm, as well as a small ontribution frombottom (∼ 15%) on the away side of the e�D0 orrelation funtion. In Table 1.2, the
∆φ azimuthal orrelation between e and D0 along with the harge demand betweentrigger partile (e) and kaon andidate (K), along with the probe side deay (D0 or D̄0)and the adequate C or B ontribution are summarized. Requiring e�D0 oinidene inthe same event signi�antly improves the signal to bakground ratio over either teh-nique individually. Moreover, the deay eletrons provide an e�ient trigger for theheavy-quark prodution events. The shape of the azimuthal orrelation distributionallows a more di�erential omparison between the harm and bottom ontributionsowing to their di�erent deay kinematis.Tab. 1.2: Like Sign (LS, marked in blue) and unlike sign (ULS, in red) harge demand for the e�

K pairs and for various ∆φ = φe−φD0 azimuthal orrelations, allowing the experimentaldisentaglement of the ontribution of C and B fragmentation hannel. The trigger sidealong with the probe deay side for eah ase is also noted. In boldfae it is marked thedominant ontributing soure (fragmentation hannel).
∆φ :pair 0

◦

180
◦trigger probeLS: e

− bottom charm, bottom K
−π+ (D0)

e
+

K
+π− (D̄0)ULS: e

− n/a bottom, harm K
+π−

e
+

K
−π+



22 1. Theoretial Introdution



Chapter 2Experimental AspetsIn this hapter a desription of the experimental failities is given, in partiular the Rela-tivisti Heavy Ion Collider, RHIC, along with the 4 experiments. Emphasis will be put onSTAR experiment with some brief desription of the various sub-systems. The STAR InnerSilion Trakers will be presented insisting on the Silion Strip Detetor. Also some notionsof the reent and future upgrades that will take plae in STAR experiment will be presented.The hapter onludes by mentioning some basi elements of STAR vertex reonstrutionsoftware.2.1 The Relativisti Heavy Ion ColliderThe Relativisti Heavy Ion Collider (RHIC) is loated at Brookhaven National Lab-oratory, Upton NY. RHIC has been operational sine the summer of year 2000 andmeasures 1.2 km in diameter. A remarkable ahievement in the �eld of high energynulear physis, RHIC was the �rst mahine ever being built with the apability ofolliding mixed speies. RHIC an ollide ion speies as light as protons and deuteronsand as heavy as Uranium at a variety of energies. RHIC onsists of two independentaelerator storage rings with six interation points and a system of superondutingmagnets. The aeleration of heavy ions is a omplex proess that unfolds in stages.Sine RHIC uses superondutivity (most of the RHIC omponents operate at temper-ature lose to the absolute zero, the RHIC ramp rate is relatively slow. It takes a weekto ool down the RHIC superonduting magnets from room to operating temperaturewhih is 4.2K [Harrison 03℄. Moreover, the aelerator is not a stand-alone mahine,it is part of a omplex that inludes other omponents�ion soures and initial ael-erators (Linear Aelerator (LINAC)�is used in order to aelerate protons whetherTandem Van de Graa� aelerators are used for heavier ions), eletron-stripping foils, aBooster ring, and the Alternating Gradient Synhrotron (AGS). Before reahing RHIC,23
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Fig. 2.1: Layout of the RHIC failities at Brookhaven National Laboratory. The loations of STAR,PHENIX, PHOBOS and BRAHMS are learly seen around the RHIC ring. Figure takenfrom [Sakuma 10℄.the atoms are ionized and aelerated.A brief desription of the RHIC operation using Au atoms as an example follows:The negatively harged 197Au ions are produed in a soure and aelerated into andthrough the Tandem Van de Graa� aelerator, whih has a terminal voltage of 14 MV.At the terminal the ions pass through the stripping foils, they lose their negativeharge and aquire a positive harge, whih for gold ions is of +12 units. The ions areaelerated from the terminal to ground potential, inreasing their energy by 168 MeV(at this point the energy of eah Au ion is about 1 MeV/nuleon). As the ions exit theVan de Graa�, they are stripped further and pass into the Booster via a transfer line.In the Booster the ions are bunhed into six bunhes, they are aelerated further, andas they exit the Booster, they are stripped of all exept the K-shell eletrons. Afterthis stage, the Alternating Gradient Synhrotron (AGS) reeives the bunhes fromthe Booster, and gathers the ions into bunhes. Eah AGS bunh is equivalent to sixBooster bunhes.The next step is the aeleration and the transportation to RHIC with energy of
8.86 GeV per nuleon. Before entering RHIC, however, the ions are stripped of theremaining eletrons. The bunhes an then be stored and further aelerated insideRHIC. A seond Tandem Van de Graa� aelerator is available to provide a seondspeies for asymmetrial ollisions(suh as the d+Au). For the injetion of protons



2.2 The RHIC Experimental Areas 25the proton Linear Aelerator (LINAC) is used. For the polarized proton program,the hallenge is to keep the beam polarized through out the aeleration proess. Tomaintain the desired polarization, two polarimeters and one partial Siberian snake areinstalled to RHIC. From their soure in the LINAC, the protons are inserted into theBooster and then into the AGS. From there, at 25 GeV/partile, the beam is transferredto RHIC. Both the ion and proton injetion proesses are illustrated in Figure 2.1.At the end of the heavy ion injetion, eah RHIC ring holds a total of 6 × 1010partiles. When the injetion is performed with the light ions, this number may beup to two orders of magnitude larger [Harrison 03℄. One the beams are inside theRHIC, they travel inside the two rings in opposite diretions. One ring is alled bluefor referene, in it the beam travels in the lokwise diretion as viewed from above.The other ring is often referred to as the yellow ring. In the latter ase the beam movesin the ounter-lokwise diretion. Finally, in the pivot Table 2.1, it is summarized theruns that were taken from the beginning of the operations until today.In the near future RHIC will upgrade its aging Tandem Van de Graa� with anEletron Beam Ion Soure (EBIS) [Alessi 05℄. This soure and lina based pre-injetoran produe all ion speies up to uranium, inluding noble gases and polarized 3He.2.2 The RHIC Experimental AreasThere are six interation areas along the perimeter of RHIC. Four of these are usedfor experimental reasons, the �fth by the ollider-aelerator department (C-AD), andthe sixth remains vaant. As of today, two out of four experiment still are underthe proess of data aquisition: PHENIX (Setion 2.2.3) and STAR (Setion 2.3).Along with PHOBOS (Setion 2.2.1) and BRAHMS (Setion 2.2.2), they onstitutethe ensemble of the experimental failities at RHIC.2.2.1 PHOBOSNamed after the larger of the two moons of planet Mars, PHOBOS∗ experiment hasas a goal to detet events where QGP may have been present. The experiment wasdesigned to measure partiles with transverse momentum pt as low as 10 MeV/c. Theexperimental apparatus, onsists of fast Si pad detetors (overing in |η| < 5.4 as anbeen seen in Figure 2.2). In addition the experiment is equipped with a TOF detetor.The trigger is provided by the paddle ounters (16 sintillation detetors loated aroundthe beam pipe in 3.2 < η < 4.5). The PHOBOS ZDC's are idential to what STARexperiment is atually using and are desribed in Setion 2.3.3. The PHOBOS ol-laboration has arried out measurements of partile multipliity, partile/anti-partile
∗Initially the name proposal for the experiment wasMARS: Modular Array for RHIC spetrosopy,but was soon rejeted.
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Tab. 2.1: Colliding nulei speies for the di�erent RHIC runs throughout the years 2000�2009.Luminosity values are taken from [Dunlop 08a℄.run year olliding speies beam energy integratedluminosity

[GeV/u] [pb−1]I 2000 Au+Au 27.9 < 10−965.2 20 ·10−6II 2001�2002 p+p 100.0 1.4Au+Au 258 · 10−69.8 0.4 · 10−6III 2002�2003 d+Au 100.0 73 · 10−3p+p 5.5IV 2003�2004 Au+Au 100.0 3740 · 10−6

67 · 10−6p+p 7.1V 2004�2005 Cu+Cu 11.2 0.02 · 10−6100.0 42.10 · 10−631.2 1.50 · 10−3p+p 100.0 29.5204.9 0.1VI 2006 p+p 100.0 93.331.2 1.05VII 2006�2007 Au+Au 100.0 7250 · 10−6VIII 2008�2009 d+Au 100.0 33.95 · 10−3p+p 2.5



2.2 The RHIC Experimental Areas 27ratios and olletive �ow [Bak 03℄. As of the year 2005, the ollaboration has seizedits operation [Franz 06℄.

Fig. 2.2: Left : Geometrial aeptane of PHOBOS Silion Detetors. Right : Overview of PHO-BOS experiment. Figures taken from [Bak 03℄.2.2.2 BRAHMS

Fig. 2.3: Overview of BRAHMS Experiment. Figure taken from [Adamzyk 03℄.The Broad Range Hadron Magneti Spetrometer (BRAHMS) [Adamzyk 03℄, servesto measure the partile spetra (suh as p±, K± and π±). The spei� experiment hastwo separate movable spetrometer arms for the high and the low transverse momentum
pt partiles. It onsists of the Forward Spetrometer (FS) at Mid Rapidity Spetrom-eter (MRS), as seen in Figure 2.3, situated at 2.3◦ and 90◦ with respet to the beamaxis. The partile identi�ation (PID) is performed with the standard spetrometer



28 2. Experimental Aspetsomponents like the Time of Flight (TOF), threshold and ring-imaging Cherenkov de-tetors and traking devies like drift (DC) and time-projetion (TPC) hambers. TheTPC's are of standard design with 21.8 cm drift and eletri �eld of 229 V/cm using
Ar/CO2, (90:10) and STAR front-end-eletronis (FEE). The DC's have 10 layers with
x, y pattern and a ±18◦ wire planes using a Ar/C4H10 (67 : 33) gas mixture with a
9 ◦C alool bubbler.2.2.3 PHENIXThe Pioneering High Energy Nulear Interation experiment (PHENIX), is a om-pound detetor primarily oriented to perform eletromagneti probes. The varioussub-detetor systems are able to apture hundreds of heavy ion events per seond,
10 kHz [Adox 03℄. The rare probes as a sign of the QGP formation, is the PHENIXphysis goal. The apparatus onsists of two large entral arms, positioned symmetri-ally on equidistant sides, of the beam line. As it an be seen in Figure 2.4, there are

Fig. 2.4: Views of the PHENIX experiment. Left : Beam-view. Right : Side-view Figures takenfrom [Adox 03, Franz 08℄.two muon forward spetrometers, overing 1.1 < |η| < 2.2. They onsist of a muontraker (onseutive layers of drift hambers) and a muon identi�er (absorber made ofsteel and layers with streamer tubes [Adox 03, Franz 08℄ of Iaroi type [Iaroi 83℄.PHENIX possesses two alorimeters in PbS (Lead-Silion) and PbGl (lead-glass) asan be seen on the left side of Figure 2.4. They serve to reonstrut the π0 and η neu-tral mesons. In the entral arms, the partile identi�ation is being performed wherepartiles suh as (e±, π with pt up to 4 GeV/c) are deteted using the Ring ImagingCHerenkov (RICH). For the π±, K± up to pt = 1.5 GeV/c and the p± up to 3.5 GeV/cthe Time of Flight (TOF) serves for their identi�ation [Adox 03, Franz 08℄. In addi-tion, the muon arm serves to identify the of the harmed partile J/ψ and in partiularits muoni deay J/ψ → µ+µ−.



2.3 STAR Overview 292.3 STAR OverviewThe Solenoidal Traker at RHIC experiment, is a ollaboration that onsists of 616physiists from 52 institutions in 12 ountries. An overview of the apparatus is shownin Figure 2.5. STAR experiment exels in measuring hadron prodution over a largesolid angle. It features detetor systems for the high preision traking, momentumanalysis, and partile identi�ation at the enter of mass rapidity.

Fig. 2.5: Overview of the STAR experiment. The z axis is parallel to the beam diretion, andat z = 0 the TPC membrane is situated as depited by the vertial line. Figure takenfrom [Sakuma 10℄.The major subdetetor is the large TPC serving for traking and partile identi�a-tion (PID) together with the 3 layer silion vertex traker (SVT), and a single layer sili-on strip detetor (SSD). The eletromagneti alorimetry surrounds the TPC, namelythe Barrel Eletromagneti Calorimeter (BEMC), desribed in Setion 2.16. The trak-ing of approximately 2000 harged partiles per entral event in the TPC is performedby the appliation of a Kalman Filter [Liko 92℄ and Hough transform whih pointsthe traks bak to the SVT/SSD, Setion 2.8. Finally the smaller angles are overedby two small forward TPC's (Setion 2.13) with a radial drift. In addition, the newSTAR upgrades suh as the FGT and the HFT that will allow the improvement on themeasurement and the opening of a window to new physis.



30 2. Experimental Aspets2.3.1 The Trigger SystemThe STAR trigger system onsists of the Zero Degree Calorimeter (ZDC), the CentralTrigger Barrel (CTB) and the Eletromagneti Calorimeter (EMC). The EMC anbe used to selet events with rare probes, or eletrons from J/ψ and Υ deays. Thetrigger is used in order to selet peripheral, entral, or events that ontain high energypartiles in A+A ollisions.
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Fig. 2.6: Overview of STAR Trigger System. Figure taken from [Judd 03℄.2.3.2 The Trigger LevelsThe 3 trigger levels of STAR experiment provide a deision in order to lassify theorresponding event. In partiular:i. The CTB along with ZDC form the level L0 of deision. The oinidene of signalsin ZDC along with the RHIC lok, are used in order to dedue the exat timeof the bunh rossing. This trigger deision is fast: 1.5µs. If this trigger level issatis�ed, the CTB signal is used to extrat the multipliity. An event that passes
L0, triggers the response of the other detetors and their signal is also taken underonsideration.ii. The level L1 orresponds to the time that the eletrons drift in the TPC volume.The time that this level needs is of the order of 100µs.iii. The next level of deision is L2 and it is used by the fast detetors. During thistime (10ms), the digitization of the TPC traks is being performed.



2.3 STAR Overview 31iv. Finally the L3 is the online trak reonstrution. Its total duration is 200ms. Anestimation of the vertex position is also being done during this period of time, and apartile identi�ation of the high pt partiles is being performed as well [Adler 03℄.2.3.3 The Zero Degree Calorimeter

Fig. 2.7: Left: Transverse view of the ollision region depiting the interation point, the beampipe as well as the Zero Degree Calorimeter. Right : Detail of ZDC modules. Figures takenfrom [Adler 01℄.Loated at a distane of 18 m from the origin of axis z (in both sides), as shown inFigure 2.7, the Zero Degree Calorimeters (ZDC), serve as the Minimum Bias Triggerand ontribute to the dedution of the entrality in heavy ion ollisions [Adler 01℄.Their dimension is only 10 cm wide. In partiular, the dipole magnet Dx situated at
10 m serves in order to de�et the harged fragments of the beam, as shown in theupper left part of Figure 2.7. Sine neutrons are not a�eted by the presene of themagneti �eld, and due to their forward rapidities, they arry a large probability thatare not by produts of the ollision. The detetor layout as shown in Figure 2.7, is madeof 3 modules. Eah module onsists of Tungsten absorber layers and Cherenkov �berswith a total length of 0.7 m, able to measure the energy of the neutrons emitted asfragments after eah ollision in 2.5 mrad aeptane around the beam pipe [Adler 01℄.The aumulated measured energy is proportional to the neutron multipliity, thusgiving a measurement of the ollision geometry, hene the dedution of entrality. Inaddition, the same type of the ZDC modules are plaed in all four RHIC experimentalfailities, monitoring the beam luminosity.



32 2. Experimental Aspets2.3.4 The Beam Beam CountersThe STAR Beam-Beam Counters (BBC) are loated at a distane of z = ±3.7 mfrom the entral TPC membrane at z = 0, outside of the pole-tip of STAR magnet.Eah BBC module is divided in two areas: inner and outer. The former of radiusbetween 9.6 cm to 48 cm overs 3.4 < |η| < 5.0, when the latter is loated between
38 cm and 193 cm overs 2.1 < |η| < 3.6. Their main purpose is to serve as a trigger inollisions where the use of ZDC (f. Setion 2.3.3) is impratial (e.g. in p+p ollisions).They onsist of 18 large hexagonal sintillation tiles as shown in Figure 2.8 whih areonneted to the Photo-Multipliers (PMT). The inner part of eah BBC is onstrutedby small tiles made of sintillating material and a oinidene in at least one of the 18small inner tiles on both sides, provides a trigger for p+p ollisions. The BBC's anbe also used for vertex position determination. In partiular, the omparison of thetime of arrival between East and West, an determine the vertex z position. Also, letus note that large values in time of �ight are assoiated with the passage of beam haloand the orresponding trigger is being rejeted.

Fig. 2.8: Shemati depition of a STAR Beam-BeamCounter. The beam pipe an be seen depitedby the letter B, in the enter of the image. Figure taken from [Bieser 03℄.



2.4 The Physis of Semiondutors 332.3.5 The Central Trigger BarrelThe Central Trigger Barrel [Bieser 03℄ surrounds the TPC Barrel and overs in pseudo-rapidity |η| < 1, as shown in Figure 2.5. It onsists of an array of 240 sintillator slatsovering 2π in azimuth [Bieser 03℄, as shown in Figure 2.9. The signal of eah slat isproportional to the number of partiles that traversed it. The CTB along with theZDC (f. Setion 2.3.3) served as a quik method of the multipliity determination,without the intervention of the time-onsuming event reonstrution. It does sueedto perform so, by ounting the harged partiles emerging from the point of interation.In partiular, just by using the ZDC and CTB information, e.g. minor energy depositsin the ZDC and large amount of ounts in the CTB, indiates a ollision with smallimpat parameter (f. Setion 1.10) that ours during entral events. In the ontraryase, where the amount of deposit is large in the ZDC and few ounts are reorded inthe CTB, the ollision is haraterized as peripheral, therefore with a large value of theimpat parameter. The year 2007 was the last operational period for the CTB.

Fig. 2.9: Left : View of STAR Central Trigger Barrel that serves as a trigger. Right : Detail of theCTB module. Figures taken from [Bieser 03℄.2.4 The Physis of SemiondutorsAs in other solids, the eletrons in semiondutors an have energies only within ertainbands (i.e. ranges of levels of energy) between the energy of the ground state, orre-sponding to eletrons tightly bound to the atomi nulei of the material, and the freeeletron energy, whih is the energy required for an eletron to esape entirely from thematerial. The energy bands orrespond to a large number of disrete quantum statesof the eletrons. Most of the states with low energy are full, up to a partiular bandalled the valene band. Semiondutors along with insulators are distinguished frommetals beause the valene band in the semiondutor materials is nearly �lled underusual operating onditions. This requirement an ause more eletrons to be availablein the ondution band whih is the band immediately above the valene band. The



34 2. Experimental Aspetsease with whih eletrons in a semiondutor an be exited from the valene bandto the ondution band depends on the gap between the bands, and it is the size ofthis energy band gap that serves as an arbitrary dividing line (roughly 4 eV) betweensemiondutors and insulators. Finally the gap band is the energy di�erene betweenthe top of the valene band and the bottom of the ondution band in insulators andsemiondutors. It is possible to modify the balane between the eletrons and holespopulation in a silion rystal lattie by embedding to the rystal, atoms of other el-ement. This tehnique is alled doping. In partiular, atoms with one more valeneeletron than silion an be used to produe the n-type semiondutor material, whihadds eletrons to the ondution band, resulting to the enhanement of the numberof eletrons.

Fig. 2.10: Sketh of the semiondutor energy bands.
2.5 The Semiondutor DopingOn the other hand atoms with one less valene eletron an be used in order to result inp-type material. In the latter type material, the number of eletrons trapped in bondsis higher, thus e�etively inreasing the number of holes. In doped material, there isalways an exess of one type of arrier ompared to the abundane of the other. Thetype of arrier with the higher onentration is alled a majority arrier while the loweronentration arrier is alled a minority arrier. The amount of impurity, or dopant,added to an intrinsi (pure) semiondutor an di�erentiate the level of ondutivity.Doped semiondutors are also often referred to, as extrinsi. Let us examine the ase
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Fig. 2.11: Sketh depiting the n (left) and p (right) doping in silion.of silion, a tetravalent element, whih is doped with other elements that have 3 or5 valene eletrons. In this manner harge arriers in a quasi-free energy state arereated.2.5.1 The n-dopingA pentavalent dopant is alled donor Figure 2.11 (left side) beause one of the valeneeletrons is in a relatively loose bound state. The supplementary ionised eletrons anreate holes in every atom of the dopant. The holes not being able to move in theregion, fore a valene eletron to migrate towards the energy state of a free eletron ofthe dopant material, making available energy sum of EG. Overall, the doping has twoe�ets. First of all it reates an asymmetry between the harge arrier. In the ase of adoping with an element V of the periodial table, the arriers are the eletrons when atthe same time the holes are the minority. As a global e�et, the material ondutivityis enhaned.2.5.2 The p-dopingIn the ase of the doping using a trivalent atom Figure 2.11 (right side), an aeptoris introdued over the higher energy level of the valene energy band. The ondutionproess is performed primarily via the holes, e.g. a valene eletron an reate a hole inthe valene band that is free to move. The ondutivity of the doped semiondutors isa lot more enhaned than that of the intrinsi ones. The usage of the suh a materialfor partile detetion purposes, ould not have been attained, had it not been for the
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pn juntion presenting a relatively low ondutivity. The latter will be the topi ofdisussion of Setion 2.6.
2.6 The Inversed PN Juntion

Fig. 2.12: PN Juntion. Left : In forward bias. Right : In inverse bias.Let us onsider a n-type rystal, with a onentration ND of atoms-donors. Alsolet us all NA the onentration of atom-aeptors. In this zone where, NA ≫ NDthe ondution is performed by the holes that drift in the n region leaving the atomaeptor �where they originate� with negative harge. In the same way, eletronsoming from a n region, will drift towards the p region, resulting in positive atomdonors. The intermediate zone p-n ontains no more drifting harges, f. Figure 2.12,thus alled spae harge region or depletion layer. The above proedure has as a result,the reation of ionized zones. In the zone of ontat of n-p there are no more volatileharges, thus alling it deserted. In addition, due to the separation of di�erent speiesof harges, an eletri �eld is reated. In the state of (thermal) equilibrium, and inthe absene of an external eletri �eld, there is no di�usion of holes and eletrons.Obeying to the Fermi-Dira statistis, the hemial potential for the two zones areequal. The di�erene of energy levels of the EV (p-type) and EC (n-type) is around
1 eV that the external �eld has to overome. Therefore the appliable voltage is of theorder of few Volts region and the deserted zone extends to a few mirons. In orderto augment the number of arriers in the silion, an external �eld is to be applied(potential Vpn) between the p and n regions, thus talking about inversed voltage, inthe deserted region.



2.7 The Semiondutors in Partile Detetors 372.7 The Semiondutors in Partile DetetorsMaterials like Silion and Germanium, an be used in order to detet harged parti-le. In partiular, when a harged partile passes through the semiondutor medium,eletron-hole pairs are generated Figure 2.13, whih later on are olleted by the ap-plied eletri �eld. Due to their density, semiondutors, o�er a greater stopping powerthan gaseous. An extra advantage of the semionduting over the gaseous detetors isthat the energy for the reation of an eletron-hole pair is around 10 times smaller thanthe gas ionization [Leo 92℄, allowing an inreased energy resolution. Exept for silion,in general these detetors require ooling, in order to operate, to low temperature. Alsodue to their rystalline material struture, they are severely a�eted by the radiationdamage, yielding in a limited long term use.
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Fig. 2.13: Cartoon of a harged partile passing through the SSD module reating pairs of eletrons
(e−) and holes (h+).

2.8 The STAR Inner Silion DetetorsThe Inner Silion Traking system of STAR experiment, onsists of the Silion VertexTraker (SVT) and the Silion Strip Detetor (SSD), as seen in Figure 2.14. Thedetetor was inluded in the runs for years 2004 to 2007. Both detetors have served thestrangeness physis program [Timmins 09a℄, and oriented towards the physis of harm.The alignment and the drift veloity alibrations were re-visited to see if it is possibleto perform diret D-meson measurement and whether the B-meson tagging is feasible.Finally, the ensemble of the silion detetors, will be substituted by one of the futureSTAR upgrades: the HFT (f. Setion 2.22), keeping the SSD as the third layer.



38 2. Experimental Aspets
primary vertex

Fig. 2.14: Shemati depition of the Inner Silion Detetors of STAR. Left : Inside the beam one.Right : Beam view (xy). Figures taken from [Suire 01℄.2.9 The Silion Vertex TrakerIn order to improve the traking of the low transverse momentum (pt < 150 MeV/c)partiles and detetion of short-lived hadrons suh as strange baryons and K0
S, STARexperiment is equipped with a traker that sits lose to the beam pipe and has highresolution, 25µm for spae points and 500µm for a two-trak resolution. The SilionVertex Traker (SVT) shown in Figure 2.14, onsists of three ylinder layers of siliondrift detetors with their inner boundaries at distanes r = 6.37, 10.38 and 14.19 cmfrom the enter of the beam pipe. The SVT onsists of 216 p-type 6.3 × 6.3 × 280

([W [cm] × L [cm] ×H [µm]) silion wafers [Bellwied 03℄, distributed as follows:
1st layer: 8 ladders (4 wafers);
2nd layer: 12 ladders (6 wafers); and
3rd layer: 16 ladders (7 wafers);Eah detetor's layer is relatively thik (1.5X0) and the intrinsi spatial resolution is

σr�φ < 80µm and σz < 80µm. Eah wafer is divided into two halves by a entralathode to minimize the drift distane for the eletrons (Figure 2.15).The eletrons drift to the nearest anode, loated at opposite ends of the silionwafer. There are 240 anodes in eah drift diretion. The eletron drift speed at themaximum applied anode voltage of 1500 V (whih orresponds to a �eld of approxi-mately 500 V/cm) is 6.75µm/ns, yielding a maximum drift time of 4.5µs [Bellwied 03℄.The SVT ombines two priniple of detetion: semiondutivity and ionization, bothof whih are disussed in Setions 2.4 and 2.11.
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Fig. 2.15: The STAR Silion Vertex Traker. Left : Sketh of the detetor in transverse view.Figure taken from [Matis 95℄. Right : z view, installed inside the STAR beam one.Figure taken from [Fisyak 07℄.2.10 The Silion Strip DetetorThen main purpose of the SSD, is to provide an intermediate, non-drifting point fortrak mathing between the TPC and the SVT. The Silion Strip Detetor was partiallyinstalled for Run IV, and used for the physis analysis Cu+Cu dataset at √
snn =

200 GeV (run V) data. It onsists of 20 ladders of 100.60 cm in length and radius of
23 cm, (f. Figure 2.16), overing a full azimuth and |η| < 1.2. Every ladder onsists of16 wafers, and eah wafer of two sides, p and n-type. Every side of eah wafer has 768Si strips, resulting in a total detetion material surfae of ∼ 1 m2. The orientation ofthe strips an be seen in Figure 2.17. The pith (95µm) whih is the distane betweenthe strips, is hosen taking into aount the auray of position measurement and thenumber of the read outs hannels. Also the stereo-angle between the p and n-strips:is 35mrad. Finally, the intrinsi resolution of the detetor is 30µm for the transverseand 860µm in the z-diretion.When a minimum ionizing partile (MIP) traverses the 320µm of the Silion (Fig-ure 2.13), loses approximately 84 keV. This energy is spent in the reation of approx-imately 23000 eletron-hole pairs. The role of the SSD is to serve as an intermediateassoiative layer between the SVT and the TPC hits. In partiular SSD will enhanethe e�ieny of the inner traking ability, allowing a more preise measurement of thetraks emerging from the primary vertex. In addition to the above, the SSD an helpthe reonstrution of the strange partiles from a seondary vertex, suh as K0

S, Ξ±,
Λ and Ω±. The PN inversed juntion, Setion 2.6 is used as the detetion modulewhih is kept under eletri tension of ouple of tenths of Volts. In Table 2.2 theharateristis of the detetor are summarized.
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Fig. 2.16: Left : The SSD plaed around the STAR beam one. Right : Cartoon depiting one SSDladder. Figure taken from [Arnold 03℄.
Tab. 2.2: SSD harateristis and operation values. Values taken from [Arnold 03℄.Summary of the SSD harateristisRadius 23 cmLadder length 106 cmAeptane |η| ≤ 1.2Numbers of ladders 20Numbers of wafers per ladder 16Total silion surfae 0.98 m2Total number of wafers 320Number of strips per side 768Number of sides per wafer 2Wafer dimensions [L×W× H℄ 73 × 40 × 15 [mm]

r�φ resolution 20µm
z resolution 740µmOperating voltage 20�50V



2.10 The Silion Strip Detetor 412.10.1 The SSD ModuleAs mentioned above, the SSD is omposed of 20 frame arbon strutures as shown inFigure 2.16. Eah one, supports 16 detetion modules. A module is the basi elementof the SSD and integrates a silion wafer and its front-end eletronis. The Si detetormodule is omposed of:i. A double sided silion strip detetor;ii. 768 miro-strips per side of the detetor;iii. 95 mm pith;iv. 35mrad stereo angle between p and n side;v. 4 cm of strip length; andvi. two hybrid iruits.

Fig. 2.17: Left : Sketh of the SSD module. Right : Stereosopi view of the p and n strip ori-entation inside a SSD module. The beam axis (z), along with the loal oordinatesystem in r�φ as well as the dimensions and the pith of the module, are learly shown.Figures taken from [Martin 02℄.In addition, eah hybrid iruit, is omposed of:i. One �exible iruit (made of kapton and opper) glued on a arbon �ber sti�ener;ii. 6 analog readout hips: a128; andiii. 1 multi-purpose ontrol hip dediated to temperature measurements, low and highvoltage monitoring alled ostar.The onnetion between the strips on the detetor and the analog inputs of thea128 hips, is ensured by a tape automated bonding (TAB). This bumpless tehnologyis based on a kapton miroable onto whih the opper strips are printed. The �exibility



42 2. Experimental Aspetsof the able allowing the folding of the hybrids iruits on top of the detetor in orderto make the detetion module very ompat. Furthermore, this able plays the roleof pith adaptor between the 95 mm pith of the detetor and the 44 mm pith of thehips on the hybrid iruit. The tape is also used to onnet the a128 hips to thehybrid iruit.SSD PulsersFor alibration purposes of the read out eletronis, a pulser generator for every A128Ciruit is being used [Germain 02℄. This generator allows the injetion of a signal toevery pre-ampli�er allowing the simulation of a modi�able harge signal.2.11 Energy Loss by IonizationCharged partiles when passing through a medium, will lose energy by ionization, thatwill be transferred to the knok-on eletrons. Namely the stopping power −dE
dx

aspredited by the (2.1).
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] (2.1)where:
z is the harge of the partile (expressed in units of qe);
Z and A are the atomi number and atomi mass of the absorber;
me is the mass of the eletron;
c is the speed of light in vauo;
I is the average ionization energy of the material;
Tmax is the maximum kineti energy that a free eletron an obtain within an intera-tion;
δ is a orretion based on the eletri density; and
βγ = p/mc , where p is the momentum of the partile and m its mass.Let us also note that (2.1) is valid for harged partiles heavier than eletrons, andlighter than atomi nulei (valid until α partiles), beause of the presene of thesupplementary energy loss mehanisms. The eletron ase present the bremsstrahlung,emission of eletromagneti radiation arising from sattering in the eletri �eld of the



2.12 The Time Projetion Chamber 43nuleus. It is onsiderable for the ase of eletrons and positrons, sine the emissionprobability varies as the inverse square of the partile mass [Leo 92℄. The ase of theatomi nulei, exhibits additional di�ulty, sine the e�etive harge has to be takeninto aount.2.12 The Time Projetion Chamber

Fig. 2.18: The STAR Time Projetion Chamber. Left : The dimensions are 4.2 m in length (zdiretion) and inner and outer setors are situated at 0.5 m and 2 m respetively. Right :TPC Endap. Figures taken from [Anderson 03℄.The main traking devie at STAR is the Time Projetion Chamber as it is skethedon the left of Figure 2.18, overing a full azimuth (2π) and |η| < 1.8. It serves to mea-sure the trak momentum by energy loss, due to the ionization of the gas. Surroundedby a uniform magneti �eld along the z diretion, the latter an be tuned to eitherReverse or Forward �eld depending on the orientation (−z or +z respetively) and toHalf or Full Field depending on the magnitude of the magneti �eld, 0.25 T or 0.5 Trespetively. The dimensions of the TPC are 4 m in diameter, 4.2 m in length ylinder.At distanes z = ±210 cm the read-out pads over a radial distane r of (50, 200) [cm]from the enter of the beam pipe. Also the inner TPC �eld age is loated at 50 cm.The eletrons' drift speed is relative slow (5.45 cm/µs) and for high luminositiesthis an lead to pile-up events f. Setion 2.12.1, sine the rate of STAR is 0.1 kHz.The entral membrane ating as a athode is held at −28 kV when at the same timethe outer �eld ages are grounded thus generating an eletri �eld of 135 V/cm inthe z diretion. Eah side, is divided into 12 setors, as shown on the right side ofFigure 2.18, that are equivalently divided into 45 padrows, 13 on the inner subsetor,equipped with smaller pads (2.85×11.5 [mm]) and 32 rows of larger (6.20×19.5 [mm])pads on the outer subsetor.



44 2. Experimental AspetsAs the harged partiles emerging from the ollision point, are passing through thegas, the knok-on eletrons are aelerated towards the anodes (endaps). Before atu-ally hitting the read-out board (RDO), there are Multi-Wire Proportional Chambers(MWPC) where the avalanhe takes plae. In partiular one drift eletron is able toprodue some thousands of avalanhe eletrons, and the latter ones �nally are detetedfrom the RDO's, as an enhaned signal.For a given trak (represented by a helix, f. Appendix D.1) of a harged partile ina uniform magneti �eld B along z-axis, the magnitude of the transverse momentum
pt is given by the following handy formula (f. Appendix D.3):

pt = 0.3BRq [GeV/c] (2.2)where qe is the absolute partile's harge value (expressed in units of the eletronharge) and R it's radius of urvature in m. The magnitude of magneti �eld, B, isexpressed in T. The total momentum is alulated using this radius of urvature andthe angle that the trak makes with respet to the z-axis of the TPC. This proedureworks for all primary partiles oming from the vertex, but for seondary deays,suh as Λ or Ks the irle �t must be done without referene to the primary vertex.Energy loss in the TPC gas is a valuable tool for identifying partile speies. It worksespeially well for low momentum partiles but as the partile energy rises, the energyloss beomes less mass dependent and it is hard to separate partiles with veloities
v > 0.7c. STAR is designed to be able to separate pions and protons up to 1.2 GeV/c,Figure 2.19. This requires a relative dE

dx
resolution of 7%. The gas that is ontainedin the TPC, is a mixture of Ar and CH4 in a 90 : 10 proportion, alled P10, keptunder pressure of 2mbar over the atmospheri in order to prevent the possibility ofontamination of the gas ingredients [Anderson 03℄. The priniple of detetion thatTPC is using is desribed in detail in Setion 2.11. Finally let us also mention thespatial resolutions for the r�φ and z omponentsi. σDCAxy = 600µm and σDCAz = 1200µm for the inner setors; andii. σDCAxy = 1200µm and σDCAz = 1600µm for the outer setor.2.12.1 The TPC Cluster ReonstrutionAfter the ollision takes plae, the ionization lusters are found, separately in x, y and

z oordinate spae [Anderson 03℄. The x and y positions of a hit are found by �ttinga Gaussian to the distribution of the pixel lusters loated at a given pad. In order tomeasure the z position of a hit, one needs to know the distane traversed by the eletronloud and the drift veloity at the time of drift. The drift veloity is alulated usingalibration data available from daily laser runs (f. Setion 2.12.2), while the distane
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Fig. 2.19: Energy loss distribution for primary and seondary partiles in the STAR TPC as afuntion of the momentum p of the partile trak. Figure taken from [Anderson 03℄.drifted by the eletron loud is alulated by measuring the time of arrival of theeletrons on the pad in time bukets and then weighting the average of these by thenumber of eletrons olleted in eah buket. The drift veloity is monitored by lasersystem with preision 2 · 10−4 providing systemati error in z diretion of 400µm atthe maximum drift length (2 m) [Fisyak 07℄. One the trak is found, the total dE
dx

ofthe partile an be alulated by using all padrows that were a�eted by the partile'spassage. The length over whih the energy loss ourred is alulated after taking intoaount the dip and the rossing angle whih are the angle between partile momentumand the diretion of the eletron drift, and the angle between partile momentum andthe read-out plane, respetively. Let us also note that the reonstruted traks arelassi�ed into primaries and globals (f. Appendix E) depending on whether the pointof the primary vertex was taken into aount onerning the reonstrution of thetrak [Pruneau 03℄.Pile-UpThe slow drift speed in the TPC, leads to a low event rate 0.1 kHz for STAR asompared to 10 kHz for PHENIX [Franz 08℄. Pile-up ours when the ollision ratestarts to beome omparable with the eletrons drift time in the TPC. This e�et



46 2. Experimental Aspetsleads to events from previous bunh rossings being reorded with the event from thetriggered bunh rossing. In Figure 2.20 it is shown a di�erent set of ases of pile-up.

Fig. 2.20: Cartoon depiting Pile-Up events, with the vertex in blue is onstruted from theollision that �red the trigger, while the vertex in red is a pile-up vertex. (a): after, (b):before and (): same bunh rossing. Figure taken from [Reed 09℄.The pile-up ollision for (a) ourred after the triggered ollision (post-rossing), whihmeans that the traks assoiated with the triggered ollision had already drifted awayfrom the TPC Central Membrane. In (b) the pile-up ollision happened before thetriggered ollision, so the traks from that ollision had already started to drift downthe TPC when the trigger was �red, and in () shows within buket pile-up, whereboth ollisions happen within the same bunh rossing. Finally, let us mention thatthe pile-up onditions are manageable for high-multipliity events, where the primaryvertex an be reonstruted and the traks sorted out. However, in low-multipliityollisions suh as in p+p, pile-up an beome a problem.2.12.2 The TPC Laser SystemThe STAR Physis program demands a 10% momentum resolution for pt = 10 GeV/c,whih is translated in a resolution of ∼200µm and an error in the z diretion not morethan 1000µm. The UV laser system of the TPC, serves in order to have an updatedimage of the TPC onerning the value of the drift veloity and the morphology of thedetetor [Abele 03℄. There are many fators that an interfere, suh as:i. Variation in drift veloity aused by gas mixture, temperature, pressure and eletri�eld variation;ii. detetor misalignment in the magnet;iii. radial inhomogeneities of magneti and eletri �eld;



2.13 The Forward TPC Modules 47iv. spae harge build-up due to high multipliity, espeially in Au+Au ollisions; andv. TPC endap displaement and inlination.The Nd-YAG laser† of wavelength λ = 266 nm allows to simulate the passage of aMIP trak, by ionizing the gas' organi substanes, (abundane in ∼p.p.b) via the twophoton proess.2.13 The Forward TPC ModulesSituated at 162.75 < |z| < 256.75 cm position from the interation point z0 = 0, the twoForward Time Projetion Chambers (FTPC) [Akermann 03℄ provide an extension ofSTAR traking ability in the region of 2.5 < |η| < 4.0. As it an been seen in Figure 2.21eah module presents a ylindrial symmetry around the z axis. The length of eahdetetor is 120 cm and its diameter is 75 cm. The drift region is extended up to 23 cm.

Fig. 2.21: Perspetive of STAR FTPC. Figure taken from [Akermann 03℄.Although the priniple of detetion is similar to the TPC, as desribed in Se-tion 2.11, there is a di�erene between the two detetors. In partiular the driftveloity of the eletrons in the FTPC is perpendiular to the STAR magneti �eld,sine in FTPC ~E ⊥ ~B, where in TPC ~E ‖ ~B. The radial drift on�guration washosen to improve the two-trak separation in the region lose to the beam pipe wherethe partile density is highest. The radial drift �eld as well as the readout hambersare mounted on the outer ylindrial surfae. The FTPC is apable to reonstrutall harged traks (∼1000) traversing the detetor in a entral Au+Au ollision. The
†neodymium-doped yttrium aluminium garnet Nd: Y3Al5O12



48 2. Experimental Aspetsseletion of the FTPC gas was done taking under onsideration the low oe�ient ofdi�usion for the eletrons. The mixture of Ar/CO2 was �nally hosen [Akermann 03℄in 50:50 proportion.2.14 The STAR CalorimetryThe ensemble of the Barrel (BEMC) along with the Endap Eletromagneti Calorime-ter (EEMC), onsist the main system that perform the alorimetry in STAR. TheBEMC is e�etively used to identify eletrons, inluding single eletrons as a resultfrom heavy quark deay, neutral pions π0 and photons γ [van Buren 08℄.

Fig. 2.22: Left : Photo of STAR Endap Eletromagneti Calorimeter inside the STAR exper-imental hall. Right : The half part of the total 720 towers. The towers are proje-tive, with edges aligned with the enter of the beam intersetion region, 2.7 m distantalong the z-axis from the EEMC front fae. Towers span ∆φ = 0.1 in azimuthal an-gle, and varying size in pseudorapidity ∆η = [0.057, 0.099]. Eah tower has 23 layersof lead/stainless steel absorber interleaved with 24 layers of plasti sintillator. Fig-ures taken from [Allgower 03℄.2.15 The Endap Eletromagneti CalorimeterThe greatest demand for suh forward alorimetry arises from the program of exper-iments to be arried out with olliding polarized proton beams at RHIC. One of the



2.16 The Barrel Eletromagneti Calorimeter 49most important goals of this program is to determine the heliity preferene for glu-ons ∆g(x) inside the polarized proton, as a funtion of the fration xg of the proton'smomentum arried by the gluon, and to onstrain strongly the net gluon ontributionto the proton's spin, given by the integral of this quantity over xg [Allgower 03℄. Thegluon polarization an be probed in quark-gluon Compton sattering, by the longitu-dinal spin orrelations, the di�erene divided by the sum of ross setions for equalversus opposite beam heliities�for diret photon prodution at transverse momentumtransfers pt ≥ 10 GeV/c. The Endap Eletromagneti Calorimeter [Allgower 03℄ ov-ers 1 < η < 2, as an be also seen in Figure 2.5. It inludes a sintillating-strip showermaximum detetor in order to provide π0/γ disrimination and preshower and post-shower layers in order to provide the separation between eletrons and harged hadrons.At the energies of interest, the most probable lab-frame opening angle between the twophotons φγγ
min = 2 sin−1 m

π0

E
π0

an be as small as 10mrad [Bland 99℄.The hoie of a traditional Pb/plasti sintillator for the EEMC towers shares thesame tehnology with the ones of the BEMC. Let us also note that due to the fous onp+p analyses rather than A+A, the demand on tower segmentation is less onstrainedwhen ompared to the STAR BEMC (Setion 2.16). The mesons are produed viasigni�antly larger ross setions than the diret photons, as a part of the fragmentationof hard-sattered quarks and gluons. It is therefore essential for the EEMC to have aShower Maximum Detetor (ESMD), to further distinguish single photons from photonpairs. Plaed at about 5 radiation lengths (X0) inside the EEMC, the SMD is a speiallyon�gured layer designed to provide the �ne granularity ruial to distinguishing thetransverse shower pro�les harateristi of single photons vs. the lose-lying photonpairs, organized into orthogonal u and v planes. The ative material of the ESMD isthe plasti sintillator. Suh a design and similar tehniques have been developed bythe DØ ollaboration [Adams 96℄ for use as a traking preshower detetor. The SMDis made of extruded polystyrene based sintillator strips. Finally the energy resolutionis given by (2.3).
σE

E
≤ 12

√

E [GeV]
+ 2 [%] (2.3)2.15.1 The Endap Pre Shower DetetorThere are two preshower and one postshower readouts from the layers of the endaptowers. The alibration is ahieved by using the MIP signals.2.16 The Barrel Eletromagneti CalorimeterThe Barrel Eletromagneti Calorimeter [Beddo 03℄ is loated inside the magnet andovers a full azimuth and |η| ≤ 1 mathing the TPC aeptane. The alorimeter is



50 2. Experimental Aspetsdivided into two barrels overing −1 ≤ η ≤ 0 (East) and 0 ≤ η ≤ +1 (West). Inner andouter radii are 223 cm and 263 cm, respetively. The length of the detetor is 293 cmalong the z-axis. Every barrel is segmented in azimuth, in 60 modules, eah module isof approximately 26 cm wide and overs 6◦, as shown in Figure 2.23.

Fig. 2.23: STAR Barrel Eletromagneti Calorimeter. Left : Transverse view. Right : z view.Figures taken from [Beddo 03℄.The modules are grouped then into 40 projetive towers of Pb-sintillator modules.A detail of the BEMC module an be shown in Figure 2.24. Eah tower is overing anarea of ∆η × ∆φ = 0.05 × 0.05, yielding a total number of 2400 towers for eah halfbarrel. The tower is onstruted of two staks, inner and outer. The inner onsists ofa 5 layers of lead (Pb) and 5 layers of sintillator, sandwihed together and the outerstak of 15 layers of lead and 16 layers of sintillator. Eah layer is 5 mm in thikness.Finally, the energy resolution of the detetor is given by (2.4).
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(2.4)Additionally, between the inner and the outer setor the Shower Maximum Detetor(SMD), is being plaed at a 5X0 depth. The latter detetor is disussed thoroughly inSetion 2.16.2.2.16.1 The Barrel Pre Shower DetetorThe Pre Shower Detetor (PSD) ontains the �rst and seond sintillating layers ofeah alorimeter module. A separate read-out is being used, with the use of two Wave
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Fig. 2.24: Detail of the BEMC detetion module. Figure taken from [Sakuma 10℄.Length Shifting (WLS) �bers, illuminating a single pixel of the multi-anode PMT. Intotal of 300 16-pixel multi-anode PMT's are used to provide the 4800 tower preshowersignals. The main purpose of this detetor is to provide a photon versus eletron versushadron shower identi�ation.2.16.2 The Barrel Shower Maximum Detetor

Fig. 2.25: The STAR Shower Maximum Detetor. Figure taken from [Beddo 03℄.



52 2. Experimental AspetsThe Shower Maximum Detetor (SMD) is a multi-wire proportional ounter withstrip readout. Loated after the BEMC, it overs |η| ≤ 1 and has 5.6X0 at η = 0and inreases to 7.9X0 near the edges, η → 1, as an be seen in Figure 2.24. It servesto improve the spatial resolution of the alorimeter, and to separate the γ showersoming from high-pt neutral meson deays suh as π0 and η. The energy resolution ofthe detetor is given by (2.5).
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[%] (2.5)In the φ plane the energy resolution is worsened by 3�4%. The detetor onsists of twoplanes: η (front plane) and φ (bak plane), with spatial resolutions stated in (2.6) and(2.7).
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√
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[mm] (2.7)All values in (2.5)�(2.7) are taken from [Beddo 03℄, and a sketh of the SMD layerbehind the EMC, an be seen in Figure 2.25.2.17 The Forward Meson SpetrometerIn the ontext of the upgraded forward instrumentation in STAR, the FMS serves tomeasure in large η (forward rapidity) the neutral pions π0. The ultimate goal is themeasurement of the gluon distribution xg(x), in nulei in the range of 0.001 < x < 0.1.Let us also note that the funtion g(x) desribes the di�erential probability to �ndgluons with a fration x of the longitudinal momentum of the parent nuleon.The FMS detetor is a 2 m × 2 m wall of 1264 lead glass detetors, as shown inFigure 2.26, penetrated through its enter by the vauum pipe traversed by the beamsbefore they ollide at the enter of STAR. In order to maximize the ability to distinguishsingle photons from pairs of photons produed by π0 or η deay, the FMS detetor isloated as far from the interation point as possible, ultimately limited by the loationof the DX magnet f. Setion 2.3.4, west of the STAR interation point.The FMS faes the blue beam (f. Setion 2.1), and reonstruts partiles produedat small angles (∼ 2.5 < η < 4.0) via the detetion of their deay photons. Thelatter ones are viewed through the large holes in the poletips of the STAR magnet.Let us also underline the importane of the onstrution of the FMS at STAR beinga partial realization of the long-sought full-aeptane ollider detetor. In partiularthe STAR barrel EMC spans |η| < 1.0, the Endap EMC spans 1.08 < η < 2.0 and�nally the FMS spans 2.5 < η < 4.0, all with full azimuthal aeptane, albeit withsmall aeptane gaps [Bland 05℄.
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Fig. 2.26: Left : Shemati view of STAR forward meson spetrometer as seen from the interationpoint. The blue beam penetrates into the page at the enter of the matries. Right : Thenorth half of the FMS after staking was ompleted, before the monitoring panels wereput in plae and before the alorimeter was sealed. Figures taken from [Jaobs 09℄.2.18 The Forward GEM TrakerThe STAR ollaboration is preparing a traking detetor upgrade to further investigatefundamental properties of the new state of strongly interating matter produed inrelativisti heavy ion ollisions at RHIC and to provide fundamental studies of theproton spin struture and dynamis in high energy polarized p+p ollisions at RHIC.In this ontext, the urrent proposal is one omponent of the upgrade program, alledthe Forward GEM (Gas Eletron Multiplier) Traker (FGT). The goal of the detetor,is to fous on the novel spin physis measurements in high-energy polarized proton-proton ollisions [Surrow 07℄. The disrimination of ū + d(d̄ + u) quark ombinationsrequires the ability to disriminate between high-pt e± through their opposite hargesign, whih in turn requires preise traking information.An upgrade of the STAR forward traking system is needed to provide the requiredtraking preision for harge sign disrimination, shown in Figure 2.27. This upgradewill onsist of six triple-GEM detetors with two dimensional readout arranged indisks along the beam axis z, referred to as the Forward GEM Traker. The harge-signdisrimination of high-pt e± to distinguish W± bosons in the range 1 < η < 2 willbe based on the use of a beam line onstraint, preise hit information from the sixtriple-GEM disks, hits from the TPC, and the eletromagneti luster data from theshower-maximum detetor of the STAR EEMC. Information from the already installeddetetors (in the absene of FGT) is insu�ient.The priniple of detetion is that harged partiles ionize gas in the top detetorvolume of a triple-GEM detetor and some of the primary ions generate seondaryionization. Di�usion smears the harge loud transversely until it reahes the �rst
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Fig. 2.27: Left : 3D-view of the FGT as modeled by the mehanial engineering design tool alledSolidWorks. Right : 3D-view of the STAR inner and forward traking region as im-plemented in the GEANT model of the STAR detetor (STARSIM). Figures takenfrom [Surrow 07℄.GEM foil. As a onsequene, the harge loud follows the eletri �eld lines and itsposition gets quantized on the hexagonal grid holes in the GEM foil and further di�used.As a �nal step, the ampli�ed harge loud passes the third GEM foil and is olletedby a handful of strips in eah plane.2.19 The Time of Flight DetetorThe partile identi�ation at mid-rapidity is aomplished by several tehniques butone of the most powerful is the measurement of the partiles' energy loss (dE
dx
) in theTPC gas. This tehnique works extremely well at momenta below the 1 GeV/c but issubjet to ambiguous identi�ation of pions, kaons, and protons above this value. Theseambiguities an be resolved by measuring the time of �ight (TOF) of the partiles fromthe vertex to the outer radius of the TPC. The new TOF modules will be loated at theouter radius of the TPC. The tehnology for the upgrade is relatively new [Bonner 03℄sine eah module will use multi-resistive plate hambers (MRPC).The TOF system will perform measurements with a time preision of 85 ps, or inother words, it will double the momentum range over whih partiles an be diretlyidenti�ed in STAR. In partiular by ombining the momentum p as measured in theTPC and the veloity β (measured by TOF).

m = p

√

1

β2
− 1 (2.8)The β in the TOF is measured aording to (2.9), by measuring the time interval

∆t the time the partile rosses the spae interval ∆L. For this reason, the p-VPD(Setion 2.21) is used to trigger the initial time measurement.
β =

∆L

c∆t
(2.9)
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Fig. 2.28: Left : Detail of the MRPC that are used in the STAR Time of Flight detetor. Fig-ure taken from [Bonner 03℄. Right : Sketh of the STAR Muon Telesope Detetor.Figures taken from [Lin 09℄.Conerning the D meson prodution, at moderate pt, partile identi�ation of thedaughter K and π is possible, although these are separated by large gaps in rapidityand azimuthal angle (φ). As a onsequene, the large aeptane of the proposed barrelTOF is essential to measure the D0 → K−π+ deay, sine the deay kinematis of the
D meson, an be fully reonstruted. The ombinatorial bakground for the K−π+andidates an be redued, by a fator of 3 beause of the identi�ation of the deaydaughters. It is alulated that in entral Au+Au ollisions the error is approximately
15% [Bonner 04℄.The MRPC is basially a stak of resistive plates arranged in parallel. The useof the resistive plates is applied in order to quenh the streamers so that they donot initiate a spark breakdown [Bonner 03℄. The intermediate plates reate a seriesof gas gaps. Eletrodes are applied to the outer surfaes of the two outer plates anda strong eletri �eld is generated in eah subgap by applying a high voltage arossthese external eletrodes. All the internal plates are eletrially �oating; they initiallytake the voltage as de�ned by eletrostatis, but are kept at the orret voltage by the�ow of eletrons and ions produed in the gas by avalanhes. When a harged partilepasses through the hamber, it generates avalanhes in the gas gaps. Sine the platesare resistive they are transparent to the signal indued by avalanhes, thus a signalindued in the pikup pad is the sum of signals from all the gas gaps.The series of hambers have glass resistive plates with a resistivity of 5×1012 [Ω·cm].The dimensions of the urrent module are 94 mm × 212 mm × 12 mm and the ativearea is 61 mm × 200 mm. The devies are operated in avalanhe mode, with a non-�ammable gas mixture whih ontains 90 % of tetra-�uoroethane (C2H2F4), 5 % ofiso-butane (C4H10) and 5% of sulfur hexa�uoride (SF6). Eah module is plaed into



56 2. Experimental Aspetstrays, (f. Figure 2.28) and one tray an hold up to 32 modules. The dimensions of thetray are 241× 21.6× 8.9 (L×W ×H [cm]). Around 120 trays are needed in order forthe full azimuthal overage to be attained.
2.20 The Muon Telesope DetetorAt almost twie the radius of the new TOF system, it will be installed a new muonidenti�ation system that will allow the traking and the identi�ation of the deayof heavy �avor vetor mesons at mid-rapidity. The proposed large-area MTD oversmore than 50% azimuthal and |η| < 0.8 overage behind the return iron bars for themagneti �eld, as shown in Figure 2.28 (left side). This apability will be new andunique at RHIC. The essential tehnology will be the plaement of double-stakedMRPC modules outside of the magnet iron that surrounds the TPC.The signal from these detetors will be used to tag muons primarily oming fromthe ollision vertex. Muons an easily penetrate the magnet iron, whereas the moreabundant pions from the ollision will either be stopped or reate showers in the iron.Only at high transverse momentum (pt ≥ 10 GeV/c) an a signi�ant fration of pionspenetrate the steel or reate a shower that reahes the MRPC modules. The showersdue to pions, an be rejeted by preise timing measurements and good position reso-lution determined by the MRPC strips. In order to ahieve even greater disriminationbetween the µ and π sample, a orrelation of the partile's trak in the TPC will beperformed as well.The shape of the trak (perhaps inluding a deay kink) along with the energy loss(dE

dx
) (in the TPC) of the trak provide preious information about the trak identity.In partiular, the Monte Carlo simulations have suggested that muons and pions anbe identi�ed with a high reliability using the dE

dx
information. The latter statement anbe interpreted that by performing a simple analysis proedure, it an be ahieved a

µ/π separation by a fator of 200. Along with the TOF detetor (f. Setion 2.19), therejetion of all kaons and protons an be also performed. With this kind of disrim-ination, a very ative program of the muon measurement in order to reonstrut the
J/ψ and Υ at mid-rapidity an be pursued. Sine muons, due to their mass, are lessa�eted than eletrons�by the Bremsstrahlung radiation energy loss in the detetormaterials�they an provide exellent mass resolution of the vetor mesons (JP = 1−)and quarkonia. The latter is essential for the separation of the ground state (1S) of Υfrom its exited ones: (2S + 3S) [Ruan 08℄.
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Fig. 2.29: Left : Detail of the STAR Vertex Position Detetor Right : Position of TOFp in STARdetetor and pVPD along the beam axis. Figures taken from [Bonner 03℄.2.21 The Pseudo-Vertex Position DetetorsThe pVPD onsists of the two idential detetor assemblies shown in Figure 2.29 oneon eah side of STAR very lose to the beam pipe at a distane of |z| = 5.6 m from theenter of STAR (z0). The pseudorapidity overage is 4.43 < |η| < 4.94. The mountingstruture onsists of an aluminum base plate, two 1-thik mahined Delrin fae plates,and three welded aluminum rails, onto whih detetor elements are attahed using pipelamps. The base plate of the mounting struture lamps onto the aluminum. Theon-detetor eletronis for the pVPD are the same as those used in the TOFp tray(Setion 2.19. Finally, the pVPD signals travel over a similar signal path as for TOFp,and are digitized in the same CAMAC rate.The spei� detetor is able to detet photons, generated during the ollision andestablish a t0 (initial time measurement for the TOF. In partiular, photons reateeletromagneti showers in the Pb, that develop in the sintillator reating photons.The latter ones are �nally are gathered in the PMT's where via the photoeletri e�et,eletrons are being reated. Due to the presene of the eletri �eld, the eletronsare foused by eletrodes and oriented towards the dynodes, where the population ofeletrons is enhaned by the proess of seondary emission.2.22 The Heavy Flavor TrakerIn order to extend STAR's partile identi�ation apabilities further into the heavy�avor domain, there will be installed several layers of high resolution silion trakersstarting with a pixel detetor at 2.5 cm radius from the ollision point. The full suiteof detetors will be alled the Heavy Flavor Traker (HFT) [Xu 08b℄. The proposed



58 2. Experimental Aspetson�guration starts with two traking layers of omprised monolithi CMOS (Comple-mentary Metal Oxide Semiondutor) pixel arrays using 30 × 30 [mm] square pixels.The pixel layers will be situated at radii of 2.5 cm and 7.0 cm, respetively. Theyprovide 135 pixels of information for every event studied.
Fig. 2.30: The STAR Heavy Flavor Traker. The �rst layer is the pixel detetor and the seondis the IST. The third is the SSD. Left : Beam view. Right : 3D view. Figures takenfrom [Xu 08b℄.In order to provide graded resolution between the TPC and the pixel layers, twoadditional high rate onventional silion barrel layers are proposed at intermediate radiiof 12 cm and 17 cm. These Intermediate Strip Traker (IST) layers provide spae-pointswith high auray in r�φ and in the z diretion between the Pixel layers and the ex-isting Silion Strip Detetor (SSD) f. Setion 2.10, reduing the number of possibletrak ombinations that an onnet with hits on the outer layer of the pixel detetors.This is partiularly ruial to enable aurate measurements in high multipliity envi-ronments. The HFT an provide traking information for short lived partile deaysdisplaed by 100µm, or less, from the interation point.As an example, the neutral meson deay D0 → K−π+ an be identi�ed diretlyby using the pixel detetor to selet the daughter traks: K− and π+ traks whilethe fast moving D0 annot be seen beause it is a neutral partile, leaving no trakin the detetor. When ombined with the existing STAR TPC and SSD, the HFTonstitutes an integrated state-of-the-art at mid-rapidity inner traking system whihis unique at RHIC. This traking system will signi�antly extend the reah of the STARsienti� program. In partiular it will a�ord e�ient topologial reonstrution of DandB mesons down to low transverse momenta (e.g. forD's at 500 MeV/c) illuminatingtheir in-medium interations and the properties of the strongly interating quark-gluonplasma.2.23 The DAQ1000The STAR data aquisition is a fast and �exible system, reeiving data from multiplesub-detetors having a wide range of readout rates. Currently the events are reordedat input rates up to 100 Hz. In order to aquire data at even higher rates, there has



2.24 The PPV and the MinuitVF Method 59to be designed a new set of eletronis for the TPC. The new system, was inauguratedin 2008 and is alled DAQ1000, will aquire data at rates up to 1000 Hz. The newtehnology that makes this upgrade possible are the front-end hips and assoiatedreadout eletronis being developed for the ALICE TPC [Musa 03℄. The CERN hipsare truly the next-generation of TPC front-end hips and were designed based on ourexperiene with the STAR eletronis and built using spei�ations that are nearlyidential to the STAR requirements. Thus, the replaement of the existing STAReletronis with a derivative of the newer CERN eletronis will mean an order ofmagnitude inrease in performane.2.24 The PPV and the MinuitVF MethodThe Proton-Proton Vertex (PPV) �nds the z position of a vertex, by requiring a beamline onstraint in order to determine the x and y values of the vertex. The beamline onstraint is alulated by �tting all the events with the MinuitVF without anyonstraints on the vertex position [Reed 09℄. A straight line �t is performed to thevertex distributions obtaining a relationship between x, y and z omponents.Although many of the verties found in this method will not be the orret onesfor the event, the number that are the orret verties will have enough statistis sothat the beam line is a valid representation of the beam path. In partiular, from eahevent, the traks are seleted based on their quality in the TPC. The traks shouldextrapolate to within < 3 cm of the beam line and to a point within the volume of theTPC. In addition they should have a minimum momentum of 0.2 GeV/c.Conerning the quality assurane of the traks, the fration of TPC hit points overthe number of possible TPC hit points should omply with (2.10).nHitsFitnHitsPoss = 0.7 (2.10)Also (2.10) allows many traks from post rossing events to be removed, (f. Se-tion 2.12.1). In addition, the post rossing pile-up is harder to remove that pre-rossingpile-up as the traks will reonstruted so that they appear to ross the TPC entralmembrane. Eah trak that meets the trak quality uts is given a weight based onwhether it extrapolates to a deposit of energy in a fast detetor or it rosses the TPCentral membrane. Traks that perform so, are likely to be traks from the triggeredvertex as these detetors an be reset between bunh rossings. However, this doesnot allow the vertex �nder to remove pile-up (f. Setion 2.12.1) from within buketollisions.A trak whih extrapolates to a fast detetor without energy deposited is given aveto fator. The trak is not ompletely removed from the analysis, however it is moreprobable that this trak is not from the triggered event so it is not given muh weight.



60 2. Experimental AspetsIn the ase where the trak does not extrapolate to a fast detetor�or the part of thedetetor it extrapolates to is unable to be read out�the trak gets a dunno fator.The latter is set to 1 as there is no knowledge about whether this trak belongs to thetriggered vertex. The total weight for the trak is the produt of the three weightsfrom the various detetors.As with the PPV algorithm, similar trak quality uts are applied to the olletion oftraks used for the vertex �nder. Vertex andidates are any point with at least 5 trakspointing to within 6 cm in z diretion, and within < 2 cm of the beam line. Let us alsonote that any two andidates annot be within 6 cm from eah other. Finally, the 3Dposition of this vertex is found by using the MINUIT [James 06a℄ minimization routinein order to minimize the mean distane of losest approah (DCA) of the olletion ofassoiated traks.As a �nal step, eah vertex andidate is given a rank based on the average dipangle f. Setion 2.12 of the assoiated traks versus z, the number of traks whih aremathed to the BEMC and the number of traks that �nally ross the TPC entralmembrane.



Chapter 3Data Analysis
The analysis methodology of the D0 reonstrution is the main fous of this hapter. Theevent seletion along with the trak quality assurane uts, as well as the eletron andhadron identi�ation is disussed. In addition, the various methods for the generation ofthe bakground as well as the onseutive subtration and saling approahes are alsopresented. The hapter onludes by mentioning the alulation of the signi�ane for theextrated signal.
3.1 IntrodutionThe D0(cū) meson belongs to the SU(4) (�avor) pseudosalar (JP = 0−) 16-plet of
u, d, s, c quarks. A representation in the I, C and Y spae an be seen in Figure 3.1.The D0 → K−π+ hadroni deay that the analysis will be foused on, has a branhingratio B.R. = 3.89%. The D0 partile has a nominal mass value m = (1864.84 ±
0.17) MeV/c2 and lifetime of τ = (410.1 ± 1.5) · 10−15 sec. The mean deay length is
cτ = 122.9µm [Amsler 08℄. Finally, the weak interation being responsible for the D0hadroni deay transmutates the harm quark to a strange quark via the emission of a
W+ partile, as shown in Figure 3.1. In order to study the harm deay topology, weneed not only to identify the daughter partiles into K± and π±, but also it is neededto ombine the probe side (K−π+/K+π−) with the trigger side (e±) in order to applythe novel method of the e�D0 azimuthal orrelation. As a last step, and in order to beable to reonstrut the seondary vertex, the point that the D0 deay takes plae, themirovertexing tehnique will be applied. 61
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Fig. 3.1: Left : Graphial representation of the pseudosalar meson 16-plet of SU(4) �avor u, d, s, cas a funtion of isospin I, harm C and hyperharge Y = S + B − C
3
. The SU(3) nonet�avor, lays in the middle C = 0 plane. Right : Feynman diagram of a D0 → K−π+hadroni deay. The weak fore is responsible for the partile's deay, transmuting theharm quark (c) into a strange quark (s) via the emission of the W+ boson.3.2 The Event SeletionThe events are ategorized by a trigger name and trigger setup. We are interestedin events that triggered the Barrel Eletromagneti Calorimeter (BEMC) and thereis a large probability that they ontain a high-pt partile, that we are interested in.For the ase of the Cu+Cu we seleted the High Tower, events. In the Au+Au asethere are the Btag triggered events. Finally for the p+p (2006), p+p (2008) as well asd+Au (2008), we also onsider the Minimum Biased events.3.2.1 Minimum Bias Triggered EventsThe Minimum Bias trigger (MinBias), in p+p ollisions, demands a oinidene of theof signals from two BBC (f. Setion 2.3.4) on the opposite sides of the interationpoint.3.2.2 High Tower Triggered EventsA brief desription of the BEMC detetor, an be found at Setion 2.16. The BEMCo�ers the ability to selet events that ontain at least one high-pt partile. This on-dition required, in addition to the Minimum Bias (Setion 3.2.1), an energy depositabove a prede�ned threshold in at least one alorimeter tower. Two di�erent thresholdswere applied yielding the HighTower-1 and HighTower-2. The purpose of the spei�trigger is to enrih the sample with events that ontain partiles with a large transverseenergy deposit.



3.2 The Event Seletion 633.2.3 The Primary z-vertex SeletionA preliminary ut is being imposed on the vertex and in partiular in the z ompo-nent. Events that ontain (Vx, Vy, Vz) = (0, 0, 0) onerning the vertex omponents, areexluded sine�by onvention�these are ases that the primary vertex was not reon-struted. In Table 3.1, we summarize the uts for various datasets on the z omponentof the primary vertex for the events that are taken under onsideration in the urrentanalysis. The reason for utting on the z-vertex is in order to have traks that do notross a lot of detetor material and are onstrained in a region around the z0 = 0.Tab. 3.1: Cut on the z- primary vertex omponent for various datasets used in the urrent analysis.All runs are at √snn = 200 GeV.Run Dataset |z-vertex| [cm]V Cu+Cu ≤30VI p+pVII Au+Au
≤20VIII d+Aup+p
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Fig. 3.2: Distribution of z vertex (normalized to the total number of events). Left : Cu+Cu (HighTower) (run V) (red) and Au+Au (Btag) (run VII) (blue). Right : p+p (run VI) (green),p+p (run VIII) (purple) and d+Au (run VIII) (blue). All datasets are at√snn = 200 GeV.3.2.4 The Charged Partile Event MultipliityThe harged multipliity is a useful tool in order to lassify the events via their en-trality. It performs so by utilizing the Glauber Model, as desribed in Setion 1.10.



64 3. Data AnalysisIt is possible to perform a ut on the event multipliity on datasets, usually seletingevents that omply with the ut stated in (3.1).
0 < multipliity < A (3.1)Let also note that (3.1) allows to selet more peripheral (smaller multipliity values)or entral events (towards larger values), allowing to perform the analysis in di�erententrality bins. Additionally, in Table 3.2 it is presented the equivalene between theharged multipliity and the di�erent entrality bins in Cu+Cu and Au+Au datasetsat √snn = 200 GeV datasets.
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Fig. 3.3: Event multipliity distributions (normalised to the total number of events) Left :Cu+Cu (High Tower) (run V) (red) and Au+Au (Btag) (run VII) (blue). Right : p+p (runVI) (red) and p+p (run VIII) (green) and d+Au (run VIII) (blue). All datasets are at√
snn = 200 GeV.3.2.5 Trigger Event SeletionWe are mostly interested in events that ontain a high-pt trigger partile that willhit the BEMC. In Table 3.3 it is presented the BEMC energy thresholds for variousdatasets and triggers. For the ase of Cu+Cu (run V) and Au+Au (run VII) there wasexpliitly a trigger Id., High Tower or Btag signifying a di�erent BEMC tower energythreshold.3.3 The Trak Quality Assurane SeletionA preliminary set of uts is being imposed on the trak seletion, a�eting both theeletron and hadron andidates' seletion. In partiular, we onsider traks spanningin the region |η| < 1 in the TPC volume, in order to take into aount the aeptane



3.4 The Role of the BEMC 65Tab. 3.2: Centrality de�nition and multipliity values. Left :for the Cu+Cu (run V) Right : for theAu+Au (run VII). Minimum Bias events. Both runs at √
snn = 200 GeV. Values aretaken from [Timmins 06, Timmins 09b℄.Centrality [%] Multipliity [≥] Centrality [%] Multipliity [≥]Cu+Cu Au+Au0�5 4850�10 140 0�10 3990�20 103 0�20 2690�30 74 0�30 1780�40 53 0�40 1140�50 37 0�50 690�60 25 0�60 390�70 210�80 10

of the TPC. In addition, traks with TPC hits that omply with (3.2). This ut isshown in Figure 3.4. nHitsTPC > 20 (3.2)nHitsFitnHitsPoss > 0.15The upper part of (3.2) is used in order to obtain a better quality onerning themomentum measurement of the trak, sine it is proportional to the trak length, aswill presented and disussed in Setion 4.3, and in partiular (4.13). The maximumnumber of the TPC hits that one trak an have is 45. The lower part of (3.2) servesin order to avoid the split traks. The latter situation ours, when the reonstrutionsoftware takes into aount hits from one trak, generating two separate ones.3.4 The Role of the BEMCThe BEMC plays a ruial role in our study, allowing us to determine the high-pt events.It o�ers the fast triggering on events at the L0 level, deiding whih ones are seletedto ontain a high-pt partile hitting the BEMC towers (High Tower, Btag events). The
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Fig. 3.4: 2D plot of the ratio nHitsFitnHitsPoss as a funtion of the nHitsFit for the seleted traks used inthe urrent analysis.detetor was partially instrumented in 2005 (overing only the west side: 0 < η < 1),and fully after the p+p at √
s = 200 GeV (run VI). In Figure 3.5, it an be seenthe aeptane of the detetor, in η-φ, for the two di�erent runs (partial and fullinstrumentation).
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Fig. 3.5: BEMC η-φ aeptane. Left : partially instrumented during the Cu+Cu (run V). Right :fully instrumented during the Au+Au (run VII). Both runs are at √snn = 200 GeV.3.5 The Eletron Identi�ationThe identi�ation of the eletrons in the urrent analysis, plays a major role in orderto aept the events that ontain at least one high-pt eletron andidate. Additionallyit is needed to reate a pure eletron sample that will allow the appliation of the e�D0orrelation analysis. In order to perform this seletion for the eletron trak andidates,we apply the following set of uts.i. The event must ontain at least one hit in the BEMC (tower) that satis�es the
E or Et threshold: High Tower (for the Cu+Cu) or Btag (for the Au+Au), asstated in Table 3.3;
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Tab. 3.3: BEMC Tower energy threshold for various datasets and triggers. Calorimeter η aep-tane: East [−1, 0] and West [0,+1]. For the years 2007�2008 the transverse energy Etwas onsidered as the alorimeter threshold. All runs are at √

snn = 200 GeV. Valuesare taken from [Dunlop 08a℄.year olliding speies trigger id. threshold E [GeV]
bem ηaeptane2005 Cu+Cu 66201 2.40
[0,+1]66203 3.752006 p+p 117211 5.0

[−1,+1]

117212127212 5 (W), 5.4 (E)127213 5.41372132007 Au+Au 200212
4.3∗200213200214

2008 d+Au 210501 2.6∗210511 3.6210521 4.3210541 8.4p+p 220500 2.6∗220510 3.6220520



68 3. Data Analysisii. a ut on the energy loss of the traks in the TPC is performed between the values
dE
dx

∈ [3.5, 5.0] [keV/cm] along with a trak momentum ut, aepting only thetraks with momentum greater than p ≥ 1.5 GeV/c;iii. a ut on the shower pro�le of the partile, by imposing on the SMD strips both in
η and φ plane of the detetor to have at least one strip hit. Hene the followingut: SMDη > 1 and SMDφ > 1;iv. a ut on the ratio of 0 < p

Etower < 2, p measured by the TPC and Etower by theBEMC;v. the extrapolated trak that mathes the point on the BEMC surfae of the tower,is onsidered as the eletron trak; andvi. in order to extrat the portion of non photoni eletrons from the overall ele-tron sample, a ut on the di-eletron invariant mass is applied both of like sign
(e±e±) and unlike sign (e±e∓). The sample of the eletron andidates is re-jeted if at least one of the partiles belongs to a pair with invariant mass value
me+e− ≤ 150 MeV/c2, as shown in Figure 3.9. The latter ut is desribed in detailin Setion 3.5.5.3.5.1 The Role of the SMD
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Fig. 3.6: SMD strips oupany in η and φ plane, for showers. Left : for the hadrons. Right : forthe eletrons. Both plots are normalized to unity. Figures taken from [Kurnadi 10℄.Both hadrons and eletrons reate showers in the BEMC. The former having a veryonstraint geometrial pro�le of the shower and the latter presenting a broader showerdistribution. It is of great importane the ut on the SMD strips in η and φ plane (forthe detetor desription f. Setion 2.16.2) allowing to perform a ut in the (η, φ) planeby utting on the pro�le of the shower. The detetor is onsisted of proportional gashambers with a strip read-out at a depth of 5X0 in order to measure shower shapes



3.5 The Eletron Identifiation 69and position. For our urrent study, we selet the towers that omply with the ut(3.3). SMDη > 1 (3.3)SMDφ > 1The eletromagneti showers from eletrons have their maximum intensity at 5X0where the SMD is loated, while hadroni showers are inompletely developed, remain-ing restrained in η and φ strip oupany. Based on alibrations of the SMD responseto eletrons and hadrons, traks whose shower projetion oupies more than 1 stripin both η and φ SMD planes were seleted as eletron andidates. In partiular inFigure 3.6, it is shown suh a distribution in the η-φ strips of the SMD for hadroniand eletromagneti shower shape.3.5.2 The Energy Loss for the Eletron CandidatesAs stated in Setion 2.11, a harged partile traveling inside a medium loses energy byionizing the onstituents of the matter. On the left side of Figure 3.7 it is shown thetrak energy loss dE
dx

versus its rigidity (p ·q), measured by STAR TPC for di�erent par-tile speies. The eletrons are expeted to span in the area: 3.5 < dE
dx
< 5.0 [keV/cm],whih is also shown on the right side of Figure 3.7. Above the 1 GeV/c all the par-tiles seem to lose the same amount of energy, imposing a di�ulty in the partileidenti�ation above this momentum limit.
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Fig. 3.7: Left : The energy loss dE
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in the TPC vs the rigidity for all traks. Right : The energyloss dE
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versus momentum p for the eletron andidates after the uts 0 < p
Etower < 2,

p > 1.5 GeV/c, dE
dx

∈ (3.5, 5.0) [keV/cm] and SMD strips ut: SMDη + SMDφ ≥ 2. Bothplots are reated from d+Au run(VIII) data.



70 3. Data Analysis3.5.3 The Ratio p
EtowerThe momentum of the trak (p) is alulated in the TPC (f. Setion 2.12) and theenergy of the tower measurement (Etower) is given by the BEMC towers, as desribed inSetion 2.16. The high-pt eletrons transfer almost all of their energy in the alorimeterells, generating eletromagneti showers. For the latter ase, it an be onsidered that

Etower ≃ p, or in other words p/Etower ∼ 1, whereas for the ase of hadrons, the
p

Etower distribution is broader, sine hadrons lose only a portion of their energy for thereation of (hadroni) showers, Etower ≪ p, thus the ratio p/Etower ≫ 1 an extend toa large range of values above unity. In Figure 3.8 the distribution of the ratio both forthe eletron and the hadron is being presented for traks with momenta p > 2 GeV/c.A gaussian �t is also performed for the eletron ase yielding a mean value as in (3.4)and with a standard deviation of σ = 0.19.
〈 p

Etower ∣

∣
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e±
〉 = 0.996 ± 0.049 (3.4)
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Fig. 3.8: p/Etower distributions for hadrons (red line) and eletrons (blue line) for traks with
p > 2 GeV/c. A �t (green line) is performed on the eletrons distribution yielding a meanvalue µ = 0.99 and σ = 0.19. Both distributions are normalised to their total number ofentries. Data used from [Kurnadi 10℄.3.5.4 The Distane Between the Extrapolated Trak and theTowerOn the BEMC surfae we an identify with a resolution of (∆η × ∆φ) = (0.001 ×

0.001) [Beddo 03℄ the position of tower. In order to identify the eletron, the trak that



3.5 The Eletron Identifiation 71passes the previous uts desribed in Setions 3.5.1�3.5.3 needs to be is extrapolatedto the BEMC surfae. The distane between the tower and the projetion of the trakis alulated as
rT i =

√

(xT − xi)2 + (yT − yi)2 + (zT − zi)2 (3.5)where (xT , yT , zT ) are the tower oordinates and (xi, yi, zi) refer to the oordinates ofthe extrapolated trak to the BEMC surfae.3.5.5 The Seletion of the Non Photoni EletronsThe main ontamination for the non-photoni eletrons originates from the neutralmesons' deay π0 → 2γ, η → 3π0. Also the material, suh as the silion detetors,the beam pipe made of Be and the TPC inner �eld age ontribute to the photononversion, γ → e−e+, as shown in the left part of Figure 3.9. In partiular, it is shownthe distane (from the origin) of the vertex that the gamma onversion takes plaein STAR detetor. In order to separate the non-photoni eletrons from the photoni
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Fig. 3.9: Left : Distane (radius) of the photon onversion (γ → e+e−) vertex interation point tothe x0, y0, z0 enter point of STAR detetor. The 3 layers of SVT (red) along with the oneSSD layer (blue), the kapton foil (∼ 32 cm) and the inner TPC �eld age (green) an belearly seen. Figure taken from [Choi 09℄. Right : Same-sign (blue) and opposite sign (red)invariant mass yields for eletron andidates. A ut at 150 MeV/c2 is imposed in order toseparate the non-photoni eletrons. Plot reated from the p+p at √s = 200 GeV (runVI).eletrons the invariant mass method is used. In spei� every eletron andidate isombined with all the traks in the TPC passing the loose dE
dx

for the eletron andi-dates (f. Setion 3.5.2). This method yields an invariant mass spetrum, as shownon the right part of Figure 3.9 for like sign (e±e±) and unlike sign (e±e∓) pairs. Bysuperimposing both invariant mass spetra, we seek the ommon point of the two plots.In partiular it is learly shown the ut at 150 MeV/c2. Finally, let us note that theinvariant mass alulation is being onsidered with the traks' momenta alulated atthe DCA of eah two traks.



72 3. Data Analysis3.6 The Partile Identi�ation for the Daughter TraksThe daughter traks need to be lassi�ed into kaons and pions. For this reason weapply the following method that inludes a seletion ut between the harge of thehadron and the trigger eletron, and a seond ut based on the dE
dx

energy loss of thetrak in the TPC.3.6.1 The Charge Correlation Between the Eletron and theHadronAs stated in Setion 1.13, the harge of the trigger partile, is onsidered to play animportant role in the dedution of the speies of the hadron. In partiular, we andistinguish two ases:i. D0 as a produt of a cc̄ deay�dominant soure. If the sign of the harge of thetrigger partile (e) is equal to the sign of the harge of the hadron (h) and anazimuthal angular ut at ∆φ = π between the two partiles momenta is imposed.Hene the hadron is a kaon andidate inheriting the harge of the trigger.ii. D0 produed by a bb̄ deay�dominant soure. We onsider the sign of the hargeof the e to be opposite to the harge of the h and a ut at ∆φ = π is imposed.The hadron is onsidered to be a kaon andidate with a harge opposite to thetrigger's.The seond and �nal deision on the speies of the hadron will be taken after theadditional dE
dx

ut, as explained in Setion 3.6.2.3.6.2 The nSigmaKaon and nSigmaPion DistributionsA supplementary ut that is applied in order to identify the hadrons, is related tothe energy loss dE
dx

due to the passage of the harged partile through the gas of theTPC, f. Setion 2.11. The energy loss of a trak is expressed in terms of standarddeviations (σ) with a prior mass hypothesis [Bihsel 06℄. In Figure 3.10 it is shown suha distribution for the nσπ for a predetermined pt window at 3.75 < pt < 4.0 GeV/c.3.7 The Role of the Silion DetetorsIn datasets suh as Cu+Cu (run V) and Au+Au (run VII) at √
snn = 200 GeV, thesilion detetors (SVT and SSD) were present in the data aquisition and subsequentlyused in the o�ine trak reonstrution. A supplementary ut on the total number ofSilion Hits of eah trak an be applied, in the form SVT+SSD > a, with a be an
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Fig. 3.10: nσπ distribution for di�erent partile speies at 3.75 < pt < 4.0 GeV/c. Also shownthe result from a 4-Gaussian �t. Figure taken from [Xu 08a℄.integer. This ut o�ers better resolution onerning the DCA of traks with respetto the primary vertex, as will be disussed in Setion 4.3. The demand on the silionuts, allows the possibility to selet traks that are more likely to emerge from theprimary vertex.
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74 3. Data Analysisdoes not belong to the SSD is zero. Finally, in Figure 3.11 it is shown the distributionof SVT and SSD hits of traks, for Cu+Cu and Au+Au at √snn = 200 GeV datasets.3.8 The D0 Invariant Mass ReonstrutionAfter applying all uts onerning the seletion of eletrons , the traks, and the eventseletion, we an proeed in reonstruting the D0 invariant mass. For a hadron pairthe invariant mass M12 is given by (3.6).
M12 =

√

E1E2 − ~p1 · ~p2 (3.6)where Ei and ~pi are the energy and momentum of eah i-partile. The energy of eahdaughter partile is alulated using the nominal mass value as stated in Appendix A.3.3.8.1 The Ambiguity in the Daughters Mass AttributionAt this point let us make a note onerning the alulation of the D0 invariant mass.Espeially let us onsider the hadron pairs. Initially there exists no prior knowledgeonerning the nature of eah partile (either K± or π±) omposing the hadron pair.For eah hadron trak, we perform an exlusive dE
dx

ut in the form of standard devia-tions, keeping the traks that omply by (Setion 3.6.2).
|nSigmaKaon| < aand (3.7)
|nSigmaPion| < bLet us note that the uts onerning one speies of a partile are not exlusive to eahother. In other words the demand for a hadron to belong to speies A does not exludethe possibility that the same trak an belong to speies B. As a result the trak anbe onsidered twie (both K and π) and it will be taken under onsideration in bothases for the alulation of the D0 invariant mass as in (3.6). From an algorithm pointof view, sine we are using a double loop over the hadrons, in order to reate pairs, letus onsider the ase of a hadron pair for the (i, j) = (K−, π+) whose traks ful�ll bothuts in (3.7). Therefore (3.6) beomes (3.8).

Mij =
√

EKi
Eπj

− ~pKi
· ~pπj

(3.8)If both traks pass the dE
dx

uts in (3.7), then the pair, an also be onsidered�as adi�erent pair of ourse�and an be written (i, j) = (π+, K−), yielding (3.9).
Mji =

√

EKj
Eπi

− ~pKj
· ~pπi

(3.9)



3.9 The Bakground Reonstrution 753.9 The Bakground ReonstrutionThe reonstrution of the bakground yield has the same importane as the generationof the invariant mass yield. One of the main aspets of a proper bakground onsistsof simulating the D0 invariant mass yield. In other words it is required the smoothbehavior beneath the D0 mass region. In order to suessfully simulate the bakground,the following di�erent methods are used for the extration of the D0 signal from theinvariant mass yield.i. Samesign, using the yield of √K−π− ⊗K+π+ , desribed in Setion 3.9.1;ii. rotational, rotating the momentum of one daughter trak, by a �xed angle, asdesribed in Setion 3.9.2; andiii. polynomial, where a �t with a polynomial funtion of nth degree, pol[n℄, is per-formed around the D0 mass region, as stated in Setion 3.9.3.In the following paragraphs, we present the method that was used for the reation ofevery bakground yield, and the various aspets for eah ase.3.9.1 The Same-Sign BakgroundFor a givenK−π+ pair, the samesign bakgroundK+π+, f. Figure 3.12, an be seletedin order to be subtrated from the S +B yield. In order to onstrut a high statistisyield the total samesign is onstruted by ombining the negative and positive pairs,following (3.10). √
K−π− ⊗K+π+ (3.10)For the high pt triggered events (High Tower or Btag), it is important to note that sinethe sign of the trigger partile determines the sign of the K andidate, as explainedin Setion 1.13, it is not possible to have in the same event both speies K−π− and

K+π+ in the same event. Nevertheless both the invariant mass and the bakgroundyields sine they are onstruted over the total number of events and not examined onan event by event basis, the overall harged samesign is not a�eted (Figure 3.12). Ofourse in the Minimum Bias events, sine there is no high pt partile there is no suha restrition onerning the reonstrution of both samesign speies.3.9.2 The Rotational Invariant Mass BakgroundWe refer to the rotational bakground as the invariant mass yield, alulated via (3.6),but this time one of the daughter traks' momentum is being rotated in spae by anangle θrotwith respet to the initial trak diretion, f. Figure 3.13. In partiular, we
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Fig. 3.12: Distribution of the samesign invariant mass yields for K−π− (red), K+π+ (blue) andtotal √K−π− ⊗K+π+ (green).hoose this trak to be the one orresponding to the kaon. In mathematial form it isexpressed by (3.11).
M12 =

√

E1E2 − |~p1||~p2| cos(θ + θrot) (3.11)
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3.9 The Bakground Reonstrution 77In (3.11), let θ be the initial angle between the two partiles' momenta. Also wedenote by θrot the angle of rotation. Let us mention that the initial reation plane ofthe deay is being respeted prior and after the rotation. In partiular, this meansthat the partile's momentum omponents are found on the same plane, before andafter the rotation takes plae. In Figure 3.13, it is presented the rotational invariantmass yields for the various rotational angles θrot.The Rotational Bakground and the Silion HitsDue to the non isotropi azimuthal aeptane (f. Figure 3.14) in the silion de-tetors: SVT+SSD, it is observed that the rotational invariant mass subtration isnot appliable, when a ut on the silion hits of the traks is applied in the form ofSVT+SSD=a. In partiular the subtration of the rotational mass does not sale asexpeted, yielding a non-properly bakground residual invariant mass yield around the
D0 mass region.
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Fig. 3.14: Azimuthal aeptane for traks with SVT+SSD=a hits: no uts (pink), 0 (blue), 1(green), 2 (red), 3 (magenta) and 4 (blak). Left : for the Cu+Cu dataset. Right : forthe Au+Au. Both runs are at √snn = 200 GeV.3.9.3 The Polynomial BakgroundA third method that an be applied for the bakground subtration, is the use of apolynomial in order to simulate the bakground, usually in the form of (3.12).
Pn(x) = a0x

0 + a1x
1 + a2x

2 + . . .+ anx
n =

∑

n

anx
n (3.12)The values of the oe�ients an are alulated by �tting the invariant mass yield withthe funtion Pn(x). The �t is being performed between the region [1.7, 2.1] (GeV/c2),and the order of the polynomial is onsidered to be between n = 1�7. In Figure 3.16 itis shown the invariant mass of the K−π+ pairs along with the polynomial �t for various
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Fig. 3.15: Bakground D0 invariant mass plots for di�erent SVT+SSD ases. Left : Rotational(at 180
◦) invariant mass yield. Right : Invariant Mass yield of K−π+/K+π−. Plotsreated with the dataset Cu+Cu at √snn = 200 GeV (High Tower) data.degrees n. In order to estimate the goodness of �t we are using the χ2/n.d.f., wheren.d.f. is the number of degrees of freedom, the number of points of the urve that the�t was performed minus the number of the free parameter [James 06b℄. In addition,the values of χ2/n.d.f. are summarized for the various ases of polynomial �t funtionsand suh a �t is presented along with the D0 invariant mass yield.
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3.10 The Saling of the Bakground 79the subtration as shown in Figure 3.19. The saling of the bakground is ahievedby alulating the saling fator (c) in the following way. Let us onsider the in-variant mass distributions dN
dM

both for the signal+bakground yield (NS+B) and purebakground yield (NB). The integral over an area away from the D0 nominal mass(1.865 GeV/c2) is then onsidered, both for the D0 invariant mass yield and the orre-sponding bakground (samesign or rotational) yield. In partiular we onsider the areaboth for the K−π+/K+π− and the orresponding bakground between the invariantmass regions [MA,MB].
c ≡

∫ MB

MA

dNS+B
dm

dm

∫ MB

MA

dNB
dm

dm

(3.13)The normalization fator c is used for the bakground yield NB is hene saled to N ′
Baording to the following formula:

∫

dN ′B
dm

dm = c

∫

dNB
dm

dm (3.14)
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Fig. 3.17: Invariant mass of Kπ. Both peaks of K0(892) and D0(1865) (red area) an be learlyseen. Figure taken from [Zhang 03℄.3.10.1 The Region above 2.1GeV/c2In order to alulate the normalization fator c, we onsider the �rst ase to be theregion above MA = 2.1 GeV/c2, as shown in Figure 3.18. The reason behind the



80 3. Data Analysisseletion of this region is the ontribution of the K0(892) → Kπ deay hannel (B.R. =
0.01) [Amsler 08℄, into the D0 invariant mass spetrum. The latter situation is shownin Figure 3.17.3.10.2 The Regions [1.7, 1.8] ∪ [1.9, 2.0] [GeV/c2]
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Fig. 3.18: Cartoon depiting the saling of the bakground for the ase (2.1,∞) (left) and the
[1.7, 1.8) ∪ (1.9, 2.0] (right).An alternative method for the dedution of the fator c is to onsider the followingsteps. Instead of integrating over only area [MA,MB], we also onsider a seond area

[MC ,MD]. Therefore the fator is alulated in the latter ase by exploiting (3.15).
c =

∫ MB

MA

dNS+B
dm

dm+

∫ MD

MC

dNS+B
dm

dm

∫ MB

MA

dNB
dm

dm+

∫ MD

MC

dNB
dm

dm

(3.15)
The values of the integrating areas are onsidered to be [1.7, 1.8] ∪ [1.9, 2.0] [GeV/c2],exluding the region around the D0 mass peak, as shown in Figure 3.18. The hoie ofthe mass area that is used in order to sale the bakground, depends strongly on theform of the subtrated invariant mass yield. In partiular, it is expeted that the sub-trated spetrum to �utuate around 0, near the D0 mass region. In the ontrary ase,a double bakground subtration an also be performed. Namely, after the rotationalor the samesign bakground subtration, the polynomial �t is also subtrated from theresidual spetrum.
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Fig. 3.19: Invariant mass yield of K−π+/K+π− (blue). Left : along with unsaled (yan) andsaled (red) samesign √
K−π− ⊗K+π+ bakground yields. Right : along with unsaled(red) and saled (green) rotational bakground (at 180◦) yields. The saling area isonsidered to be: [1.7, 1.8] ∪ [1.9, 2.0] [GeV/c2] for both ases.3.11 The Signi�ane of a SignalWhen treating with the signal extration, often it is useful to present the signi�anegiven by the general formula (3.16).

σ =
S√

S + nB
(3.16)The fator n expresses the unertainty on the form of the B distribution. After �ttingthe signal with a gaussian peak, the parameters suh as the mean value x̄ and thestandard deviation σ aquired by the �t, are reorded. In (3.16) the S, B are thesignal and bakground yields (3.17) inside a given region [x̄ − κσ, x̄ + κσ] around thevalue x̄. The fator κ an vary between the values 1�3. In partiular, we onsider theset in (3.17).

S =

∫ +κσ

−κσ

dNS

dm
dm (3.17)

S +B =

∫ +κσ

−κσ

dNS+B

dm
dmIf S + B and B are unorrelated quantities, then a simple alulation yields for theerrors:

√
S +B is the error is δS+B for the signal and bakground, e.g. opposite sign;and

√
B is the error is δB for the bakground, e.g. samesign.



82 3. Data AnalysisThe error of the signal S, therefore is
δS =

√

δ2
S+B + δ2

B =
√
S + 2B (3.18)



Chapter 4Mirovertexing TehniqueThe main fous of the urrent hapter, is the seondary vertex reonstrution method;namely the mirovertexing tehnique. The methodology followed for the alulation of themirovertexing variables is also presented. In the hapter onlusion it is also presenteda study on the improvement of the resolution of traking and the improvement on thealulation of the mirovertexing variables, by inluding the silion hits (SVT+SSD) forevery trak.4.1 IntrodutionA harged trak in the magneti �eld, is onsidered as a helix whose parameterizationis desribed thoroughly in Appendix D.1. In order to desribe the trajetory of theharged partile's trak, one an use the following set of equations that desribe thehelix oordinates, desribed by (4.1).
x(s) = x0 +

1

κ
[cos(Φ0 + hsκ cosλ) − cos Φ0]

y(s) = y0 +
1

κ
[sin(Φ0 + hsκ cosλ) − sin Φ0] (4.1)

z(s) = z0 + s sinλIn (4.1) the following values are used.
s is the path length along the helix;
x0, y0 and z0 is the starting point at s = s0 = 0;
λ is the dip angle;
κ is the urvature, i.e. κ =

1

R
, and R let be the radius of the helix in the xy plane;83
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B is the z omponent of the homogeneous magneti �eld ~B = (0, 0, Bz);
q is harge of the partile in units of positron harge; and
h is the sense of rotation of the projeted helix in the xy (bending) plane.The notion of helix is of great importane, sine it is used in order to alulate thedistane of losest approah between two traks and therefore dedue the point of theseondary vertex. The method is explained in detail in Setion 4.2. In the followingparagraphs, the method of mirovertexing will be presented. It onsists of the methodthat was developed in order to dedue the parameters needed for the reonstrution ofthe D0 deay. The most fundamental parameters are listed below.i. The distane of losest approah, denoted by DCA, between the two daughterpartiles' traks;ii. the seondary vertex oordinates, de�ned as the point where the D0 deay takesplae;iii. the deay length of D0, de�ned as the distane between the primary and theseondary verties;iv. the distane of losest approah of the D0 to the primary vertex; andv. the distane of losest approah of daughter partiles (K, π) to the primary vertex.As it will be later shown, these variables will be used as a powerful tool in per-forming the adequate uts needed for the topologial reonstrution of the D0 deay.In addition, we refer that there exists a set of subsequent variables, that are derivedfrom the above ones. The desription of these variables, along with the reonstrutionmethod is the main topi of the disussion of Setion 4.2. Let us also mention that forthe mirovertexing alulation, the global traks are used as opposed to the primarystated in Appendix E.4.2 The Calulation of the Mirovertexing VariablesIn the mirovertexing algorithm, the most ruial step is the determination of thedistane of the losest approah (DCA) between the daughter partiles. A detaileddesription of the method for the analytial alulation of the DCA between two traks
t1, t2 (helies) an be found in Appendix D.4. We also onsider a priori the geometrialmiddle of the DCA between the two traks to be the point of the seondary vertex,whih is de�ned as the point when the D0 deay takes plae. One the spei� pointis loalized, and with the prior knowledge of the primary vertex oordinates, on an



4.2 The Calulation of the Mirovertexing Variables 85event-by-event basis, we an proeed with the alulation of the deay length of the D0andidate. In Figure 4.1 it is shown a shemati depition of a D0 deay along withthe trajetories of the daughter traks (t1 and t2) in the transverse plane (r�φ). In thesame Figure 4.1, it is marked also the primary and the seondary vertex, as well as theDCA of daughter traks to the primary vertex.
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(t1) (t2)Fig. 4.1: Cartoon depiting the detail of the D0 deay along with the mirovertexing parameters.In partiular, let us onsider:
O to be the point of the primary vertex;
C to be the point of the seondary vertex;
~OC to be the vetorial deay length of the Kπ pair;
| ~AB| to be the DCA between the daughters;
| ~OF |, (| ~OG|) to be the DCA of the t1, (t2) trak to the primary vertex, d1

0, using astraight line approximation (in the absene of magneti �eld);
| ~OI|, (| ~OH|) to be the DCA of the t1, (t2) trak to the primary vertex, extrapolatingthe helix t1, (t2) in the magneti �eld;
~PA, (~PB) to be the momentum of the t1, (t2), tangent to the point A, (B);
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~AF to be the vetor pointing towards the primary vertex, opposite in diretion to the

~PA and with magnitude the distane of the deay point A and the point of losestapproah F (to the primary vertex);
~BG to be the vetor pointing towards the primary vertex, opposite in diretion to the

~PB and with magnitude the distane of the deay point B and the point of losestapproah G (to the primary vertex);
cos θpointing with θpointing let be the angle between the D0 �ight line ( ~OC) and itsreonstruted momentum ~PD0 as alulated by (4.2), a sketh of this variableombining the momentum and the deay length, is shown in Figure 4.4; andDCAD0 to be the DCA of the D0 reonstruted parent partile to the primary vertex,whose alulation is given by (4.3).Furthermore, let us mention that the momentum of eah trak that is used both inthe mirovertexing tehnique and in the alulation of the invariant mass, is beingalulated by propagating the trak using the helix method in the DCA between traksas stated in Appendix D.2. In addition, onerning the alulation of the θpointing,sine the D0 is a neutral partile, its momentum is not a�eted by the presene ofthe magneti �eld, hene a straight line extrapolation of the parent momentum ~PD0 =
~PA + ~PB to the primary vertex is onsidered.

cos θpointing =
~OC · (~PA + ~PB)

| ~OC| · |~PA + ~PB|
(4.2)Therefore the distane of losest approah of the parent is given by (4.3).DCAD0 = | ~OC| · sin θpointing (4.3)Finally, let us also make a note that the position vetors ~OA and ~OB with respet tothe primary vertex an be alulated simply by subtrating from eah position vetor�with respet to the origin of the axis (x0, y0, z0)�the vetor of the primary vertex: ~KO.In partiular by onsidering ~KO, ~KA and ~KB, the vetor of primary vertex, of the �rst(t1) and the seond trak (t2)�with respet to the (x0, y0, z0)�the relations betweenthe two referene frames beome:

~OA = ~KA− ~KO (4.4)
~OB = ~KB − ~KO (4.5)
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Fig. 4.2: Cartoon depiting the angle φ2 between the planes of the deay daughters and the angle
φ1 between the normal vetors.4.2.1 The Coplanarity of the Deay DaughtersLet us onsider the triangles OAF for the t1 trak and OGB for the trak t2, as shownin Figure 4.1. Eah triangle, orresponds to the plane that the momentum ~p and the

~DCA lay on, for eah daughter.A ut that allows to determine a possible D0 andidate, is the demand whetherthe momentum of the Kπ pair points bak to the primary vertex. In partiular, wean examine the relative positions of the points F,G of losest approah of the twodaughter partiles, with respet to the primary vertex. By introduing the followingross produts
~ψ ≡ ~OF × ~AF (4.6)
~ξ ≡ ~OG× ~BG (4.7)we de�ne the normal vetors of the planes OFA and OGB. Let us also de�ne the anglebetween these two planes as φ2 and the angle between the normal vetors as φ1, as anbe seen in Figure 4.2. It is learly seen that φ1 and φ2 are supplementary angles. Also:
φ1 ≡ arccos

~ψ · ~ξ
|~ψ| · |~ξ|

(4.8)The angle between the planes therefore is given by the relation φ2 = π − φ1. It isimportant to note that this angle is not the angle between the vetors ~OF and ~OG.We an distinguish whih Kπ pair is likely to emerge from a D0 deay, by introduinga ut on the angle φ2.The Angle Between the Daughter PlanesThe demand for this angle to be 0 < φ2 < π/2, explaining that daughter partilesemerging from a D0 deay, need to lay in separate spaes separated by the ~OC (�ight



88 4. Mirovertexing Tehniqueline of the D0). We an disriminate the possible D0 andidate pairs, by imposing suha ut as it will be later disussed. In partiular, two ases are distinguishable:i. When the points of losest approah F,G lay on opposite sides with respet to the�ight line ~OC as it is shown in Figure 4.3(a); andii. when the points of losest approah F,G for both daughter traks, lay on the sameside of the ~OC (the pair �ight line) as an be seen in Figure 4.3(b).
O

F

G

!PA

!PB
C

φ2

!ψ

!ξ

A

B

(a) O

F

G

!PA
!PB

C

φ2

!ψ !ξ

A B

(b)Fig. 4.3: Cartoon of Kπ daughters plane. The angle between the two planes is φ2 >
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(b).4.2.2 The Angle θpointingAfter the reonstrution of the parent momentum ~PD0 as well as the parent �ight line

~OC, the θpointing is de�ned as the angle between ~OC, ~PD0, as an be seen in Figure 4.4.A ut on the cos θpointing an be imposed, having in mind that for a the D0 signal, themomentum is ollinear with the �ight line ~OC, yielding cos θpointing ∼ 1, as it will bepresented from the MC study, (f. Setion 5.5.5).4.2.3 The Angle θ∗Let us onsider the deay of the D0 both in the lab frame and the D0 rest frame. Inthe latter frame, the two daughters are emitted in a bak-to-bak orrelation, beauseof the onservation of the 4-momenta. The momentum of one of the daughters is ~p ′in the D0 rest frame. Let also denote by ~v the diretion of emission of the D0 in thelaboratory frame. Therefore the angle between ~p ′ and ~v is the θ∗ of that partile as seenin Figure 4.4. In Appendix A.3 it is explained the exat proedure of the alulationof the angle θ∗.
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!PKFig. 4.4: Left : Cartoon depiting the angle θpointing for the reonstruted D0 de�ned as the anglebetween the reonstruted parent momentum and the �ight line. Right : Cartoon of the
θ∗ for the kaon trak. In the dotted line the parent momentum in the laboratory refereneframe is denoted. In the enter of mass, both daughter partiles are emitted in bak tobak orientation.4.2.4 The Calulation of DCAxy and DCAzDuring the event reonstrution, eah trak is propagated towards the primary ver-texand a onseutive �t is performed. The distane of the losest approah of the traktrajetory and the event's primary vertex, is denoted by DCAxy (in the transverseplane) and in a similar manner the DCAz is alulated along the z-axis. For eahvalue of the DCAxy, DCAz the adequate error is being given, denoted by σDCAxy and

σDCAz. The total (global) DCAG of the trak in 3�D is given by (4.10). The reasonfor this ut to be applied that in order to selet the traks that have a large probabilityto have been generated at the primary vertex.DCAg =

√DCA2xy + DCA2z (4.9)It is of extreme importane to arefully perform a ut on a maximum value of theglobal DCA. In partiular we onsiderDCAg < 1.5 cm (4.10)The distributions of the DCA along with the resolutions σDCA (both in r�φ) as wellas the ratio DCA
σDCA are plotted in Figures 4.5 (a)�(f) for the Cu+Cu (2005) run and inFigures 4.6 (a)�(f) for the Au+Au (2007) run.
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(a) (b)
() (d)
(e) (f)Fig. 4.5: Distributions of DCAxy (a), DCAz (b), σDCAxy (), σDCAz (d), DCAxy

σDCAxy (e) and DCAz
σDCAz(f). All plots orrenspond to traks for various SVT+SSD=0 (blak), 1 (blue), 2 (green),3 (red) and 4 (magenta) hits. Taken from the Cu+Cu at √snn = 200 GeV (High Tower)(run V).
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(a) (b)
() (d)
(e) (f)Fig. 4.6: Distributions of DCAxy (a), DCAz (b), σDCAxy (), σDCAz (d), DCAxy

σDCAxy (e) and DCAz
σDCAz(f). All plots orrenspond to traks for various SVT+SSD=0 (blak), 1 (blue), 2 (green),3 (red) and 4 (magenta) hits. Taken from the Au+Au at √snn = 200 GeV (Btag) (runVII).



92 4. Mirovertexing Tehnique4.2.5 The Produts DCA1xy ·DCA2xy and dxy,10 · dxy,20The alulation of the DCA is performed by extrapolating the momentum of the trake.g. ~PA, alulated at point A to the primary vertex and alulating at that point theDCA. As shown in Figure 4.1, the alulation of the ~OI and ~OH is being performedtaking into aount the magneti �eld and propagating the helix till the point of losestapproah to the primary vertex. From now on, we shall refer to the ~OH by the DCAxyand DCAz, the transverse and z-omponent of the DCA.However, for the ~OG we onsider a rather straight line propagation to the primaryvertex. The latter parameter will be denoted from now on, as the impat parameter
d0. It is lear that for high-pt partiles, the length of the sagitta approahes the nullvalue, (Appendix B.2) therefore both DCAxy and dxy

0 for eah trak tend to oinide.We selet the transverse pro�le of the DCA to primary vertex for eah trak, reatinga useful variable that will be used as a ut. The produts Π1 and Π2 are de�ned as theinner produt of the transverse DCA of the traks to the primary vertex of eah Kπpair.
Π1 ≡ DCAKxy ·DCAπxy (4.11)
Π2 ≡ dxy,K

0 · dxy,π
0 (4.12)4.3 The Resolution of the DCA in TrakingIn ylindrial oordinates, given the error on the measurement in the r, φ plane is σrφthe error for the traking with momentum pt [Ferbel 87℄ is given by (4.13).

σpt
pt =

pt · σrφ

0.3 · B · L2

√

720

N + 4
(4.13)In (4.13), B is the magneti �eld measured in [T], L is the range of the trak in [m]and by N is denoted the number of points that were used to measure the trak, in auniform spaing among them. The error on the angle θ given the error σz , is alulatedby (4.14).

σθ =
σZ

L

√

12(N − 1)

N(N + 1)
(4.14)4.3.1 The Multiple Coulomb SatteringWhen a harged partile traverses a thin medium, then it is de�eted by many smallangle satters. The Coulomb fore from the nulei is mainly responsible for suh a de-�etion, therefore the name Multiple Coulomb sattering (MCS). However for hadroniprojetiles, the strong interation ontributes to the total multiple sattering, as well.



4.3 The Resolution of the DCA in Traking 93In partiular we an onsider that the de�etion angle θ0 [Amsler 08℄ is related to themomentum p of the partile via (4.15).
θ0 =

13.6 [MeV]

βcp
z
√

x/X0

(

1 + 0.038 ln
x

X0

) (4.15)In (4.15) the z in the harge of the inident partile and x
X0

refer to the target mediumthikness expressed in radiation lengths X0. Let us also note that (4.15) is valid upto 11% for 10−3 < x
X0

< 102 and single harged inident partile (with β = 1) and all
Z of target material. Taking the MCS under onsideration and for a given material,it is only proportional to the p−1 of the trak. In addition to the measurement error(4.13)�(4.14), there exists also error due to the MCS e�et [Ferbel 87℄. Taking intoaount, for the transverse plane is:

σMCS
pt
pt =

0.05

BL

√

1.43
L

X0
(4.16)and for the θ omponent resolution due to the same e�et, is:

σMCS
θ =

0.015√
3 p

√

L

X0

(4.17)It is lear from (4.13)�(4.17) that the momentum resolution improves with L2 and B,whereas with the inrease of N it only improves by √
N . For a total resolution we anonsider that the σ of traking for a trak with momentum p is given by the followingformula

σ(p) =

√

a2 +
b2

p2
(4.18)with the �rst term inorporates the measurement error, and the seond term re�etsthe MCS. In STAR experiment, it is expeted that in r�φ plane, the traking to havea better resolution [Fisyak 07℄ than in the z dimension. In Figures 4.7: (a)�(d) theresolution in both in r�φ and z is plotted as a funtion of p−1 for the two datasets:Cu+Cu (run V) and Au+Au (run VII) at √snn = 200 GeV. In order to onstrut theurrent 2�D distributions, we onsider or a given p interval and �xed number of hitsof the traks, SVT+SSD = C where C < 5, C ∈ Z, the distributions of the σDCAxyand σDCAz are being plotted in 1�D distributions. The mean value x̄ (4.19) of eahdistribution, along with the adequate error (4.20), are orrelated for the orresponding

∆p−1 bin and for a �xed C.
x̄ =

1

N

N
∑

i

xi (4.19)
σ =

√

√

√

√

1

N − 1

N
∑

i

(xi − x̄)2 (4.20)



94 4. Mirovertexing TehniqueThe typial values for the resolution both in r�φ and z ylindrial omponents, fortraks with momentum of p = 1 GeV/c are summarized in Table 4.1. The overallresolution distributions (both transverse and z omponents), as a funtion of the in-verse momentum p−1, are shown in Figure 4.7 both for the Cu+Cu (run V) and theAu+Au (run VII) at √snn = 200 GeV datasets.
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snn = 200 GeV (High Tower) data, () and (d) reated withAu+Au at √

snn = 200 GeV (Btag) data. The blak line indiates the p = 1 GeV/c.Vertial error bars re�et the statistial error.



4.3 The Resolution of the DCA in Traking 95

Tab. 4.1: Resolution of DCAxy and DCAz values alulated at p = 1 GeV/c for variousSVT+SSD ases, shown in Figure 4.7. Taken from Cu+Cu at √
snn = 200 GeV (runV), (High Tower) and Au+Au at √snn = 200 GeV (run VII) (Btag) data. All errors arestatistial.SVT+SSD hits σDCAxy [µm] σDCAz [µm]Cu+Cu0 1983.92 ± 0.27 1304.3 ± 0.131 596.48 ± 0.15 830.13 ± 0.092 203.03 ± 0.05 201.80 ± 0.073 167.64 ± 0.07 116.73 ± 0.064 156.04 ± 0.14 101.89 ± 0.07Au+Au0 2248.93 ± 0.96 2117.61 ± 0.681 900.66 ± 0.54 1430.63 ± 0.862 272.00 ± 0.16 379.71 ± 0.323 201.25 ± 0.16 240.00 ± 0.274 163.52 ± 0.38 195.11 ± 0.58
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Chapter 5Simulation StudyThe main subjet of the urrent hapter, is the simulation study of the deay propertiesof D0 → K−π+. The goal is to obtain a study on the deay topologial properties. Themirovertexing ode is applied on the simulation sample allowing the omparison betweenreonstruted and initial values. Also a omparison of the simulation and the data isperformed, in the �nal setions allowing a ut study on the mirovertexing variables. Thelatter study allows the extration of the optimized values of the uts that will be appliedon the data sample, onerning the D0 analysis.5.1 IntrodutionThe STARSIM [Potekhin 06, Perevozthikov 10℄ simulation interfae is a frameworkdesigned for the STAR detetor using the GEANT [Apostolakis 93℄ simulation pakage.It an simulate the geometry of di�erent subsystems of the STAR detetor, as wellas partile generation. Using the STARSIM simulation pakage a pure D0 signal isgenerated with the following properties. A total of approximately 400000 events, witheah event ontaining 1 D0 that deays only in the hadroni hannel K−π+. Thedaughter partiles are then propagated through the ensemble of the material of STARdetetor for the year 2005, denoted by the geometry tag: y2005g [Didenko 10℄. Eahevent is generated within 30 ≤ z − vertex ≤ 30 [cm], as shown in Figure 5.1. Thedaughter traks span within the η ∈ [−1, 1] area in pseudorapidity, and full azimuthoverage φ ∈ [−π, π] as an be seen in Figure 5.2. The traks' distane of losestapproah to the primary vertex both in the bending plane and in z diretion: DCAxyand DCAz, an be seen in Figure 5.2. Finally the invariant mass of D0 with theadequate gaussian �t an be seen in Figure 5.5. No further bakground subtrationwas needed to be performed. 97



98 5. Simulation Study

z-vertex  [cm]
-30 -20 -10 0 10 20 30

E
nt

rie
s 

[a
.u

]

0

1000

2000

3000

4000

5000

6000

7000

Fig. 5.1: Primary z-vertex omponent of the generated MC events, inluding the ut of the
|vertex| < 30 cm.

η
-1 -0.5 0 0.5 1

φ

-4

-3

-2

-1

0

1

2

3

4

-110

1

10

 [cm]XDCA
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

 [c
m

]
Y

D
C

A

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

1

10

210

310

Fig. 5.2: Left : η�φ overage of the daughter partiles in the TPC spae, emerging from the sim-ulation of D0 → K−π+ ase. Right : Correlation of distanes of losest approah DCAxyvs. DCAz with respet to the primary vertex for the daughter partiles. Plots reatedfrom simulation data.



5.2 The STARSIM initial values 995.2 The STARSIM initial valuesThe initial values of the deay partiles were also introdued in the STARSIM. Inpartiular we present the initial deay length in Figure 5.3 (left side), as well as theinitial pt distribution as shown in Figure 5.3 (right side) for the η of theD0 (Figure 5.4).
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Fig. 5.3: Pure D0 signal reated with STARSIM. Left : D0 deay length distribution. The meanvalue of the distribution is L = 158µm. Right : D0 initial pt spetrum.
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Fig. 5.4: Pseudorapidity distribution of a pure D0 signal reated with STARSIM simulationpakage.
5.3 The Traking ResolutionThe daughter traks oming from the D0 → K−π+ are extrapolated to the pri-mary vertex and the distanes: DCAxy and DCAz are alulated, along with theirerrors (σDCAxy and σDCAz). In Figure 5.6 it is presented the resolution of thetraking in the transverse plane (σDCAxy) and z-omponent (σDCAz). The methodthat is applied in order to perform the study, is idential to the one applied on the



100 5. Simulation Study
]2 Invariant Mass [GeV/c+π -K

1.7 1.75 1.8 1.85 1.9 1.95 2

dN
/d

M

0

2000

4000

6000

8000

10000

12000

14000

16000

18000 yield     192± 3.714e+04 
mass      0.000± 1.858 
width     0.00005± 0.01201 

Fig. 5.5: Simulation of D0 → K−π+ invariant mass yield along with gaussian �t (green line)yielding the mean value of 1.858 GeV/c2 and σ = 12 MeV/c2.Cu+Cu and Au+Au datasets, as desribed in Setion 4.3. Finally the values of boththe traking resolutions σDCAxy and σDCAz for traks with p = 1 GeV/c and forvarious SVT+SSD hits are shown in Table 5.1. The distributions of the resolutions asa funtion of the inverse momentum, p−1 of traks and for various SVT+SSD ases,respeting (4.15), is presented in Figure 5.6.
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5.4 The Mirovertexing Method Appliation on Monte Carlo 101Tab. 5.1: Resolution of DCAxy and DCAz values alulated at p = 1 GeV/c for variousSVT+SSD ases. Taken from simulation with geometry y2005g. All errors are statistial.SVT+SSD hits σDCAxy [µm] σDCAz [µm]0 1839.64 ± 10.34 1247.61± 4.031 535.64 ± 2.88 861.27 ± 1.682 210.33 ± 1.48 249.98 ± 1.693 162.36 ± 0.83 119.26 ± 0.674 139.15 ± 0.71 95.87 ± 0.36the information of the kinematis of daughter partiles, suh as the momentum. Bypropagating the daughter partiles through the STAR detetor material, we apply thereonstrution ode, that ontains the mirovertexing tehnique. For every pair ofnegative and positive traks, the seondary vertex (the point that the D0 deay takesplae), as well as the deay length are being alulated using the method desribedin Setion 4.2. The information is stored on an event by event basis and the valuesobtained are ompared to the initial GEANT values. We present this omparison forthe following mirovertexing variables as a di�erene between the reonstruted andinitial values: ∆L ≡ GEANT − RECO. Let also note that the primary vertex is notalulated but rather extrated from the event information and plotted in order toguarantee that the values obtained belong to the same event.i. The di�erene between the values of primary vertex in x, y and z, as shown inFigure 5.7. Let us note that the only reason the omparison for the primary vertexis performed is to make sure that the variables orresponding to the same eventsare ompared eah time;ii. the di�erene between the values of seondary vertex in x, y and z, shown inFigure 5.9; andiii. the di�erene between the values of deay length vertex in x, y and z, shown inFigure 5.11.In addition a orrelation of RECO�GEANT as a two dimensional plot is also presented:i. The values of the primary vertex in x, y and z, obtained by GEANT vs. thereonstruted (RECO) ones, as shown in Figure 5.8;ii. the seondary vertex in x, y and z shown in Figure 5.10; andiii. the deay length in x, y and z, shown in Figure 5.12.
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108 5. Simulation Study5.4.1 The Impat of the Silion Hits on the MirovertexingVariablesIn order to investigate the impat of the inlusion of the Si hits in the traks, weperform the following ut. By demanding expliitly for every trak to omply with theut SVT+SSD=n (where n=0�4), we alulate distributions of the:i. The DCA between the daughter traks shown in Figure 5.13 (a);ii. the deay length of D0 as seen in Figure 5.13 (b); andiii. the DCA of D0 to primary vertex shown in Figure 5.13 ().The alulation of the D0 DCA is performed by taking into onsideration the straightline extrapolation, using (4.3). As it will be later shown in Setion 5.5, the ut on thetotal SVT+SSD hits of a trak has an impat on the reonstrution of the mirovertex-ing variables. In Table 5.2 the mean values of the reonstruted mirovertexing vari-ables extrated from the MC dataset are summarized.Tab. 5.2: Mean values of the mirovertexing variables for various SVT+SSD=0�4 ases.Data is taken from simulation.
@

@
@@

variables
[cm]Si hits DCA Deay length DCA of D0between of D0 todaughters primary vertex0 0.202 0.280 0.2201 0.114 0.172 0.1242 0.073 0.114 0.0803 0.058 0.090 0.0634 0.048 0.076 0.052
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110 5. Simulation Study5.5 The Reonstruted Mirovertexing Values Cut StudyIn order to tune up the uts that will be later used for the analysis and �nd the optimaluts for the reonstrution of the D0, a ut study is being performed on the simulationsample, and in partiular examining the mirovertexing variables, f. Setion 4.2. Let usonsider the distribution of the variable a both in the MC and data. The MC values ofthat variable (denoted by amc) an be onsidered as the signal (S ) and the Cu+Cu datavalues (denoted by adata) an also be onsidered as the bakground (B). Both variablesare presented in one dimensional da
dN

distributions, with their integral normalized tounity (e.g. Figure 5.14 (a) for the DCA between traks). The goal of the urrent studyis to investigate the impat of an inlusive ut (keeping the region of ∆a ≡ [a1, a2]) onthe S and B distributions. For this reason, we investigate the variation of the (5.1) inthe pre-determined interval ∆a. In addition we examine the variation of both the S
Band the S√

B
in the predetermined interval. Finally, the survival perentage (denotedby SP ); ergo the perentage ontained of the variable for eah data sample (MC anddata) in the range ∆a is also presented for every mirovertexing variable.

S ≡
∫ a2

a1

damc

dN
dN (5.1)

B ≡
∫ a2

a1

dadata

dN
dNIn addition, the inlusion of the Si hits of eah trak in the alulation of the mirover-texing variables, is investigated by repeating the study for the various SVT+SSD ases.The MC dataset that is used for the urrent desribed in Setion 5.1. For the dataomparison we used the Cu+Cu at √snn = 200 GeV, High Tower trigger setup dataset,(f. Chapter 6). The alulation of the variables both for MC and real data is doneusing the same tehnique as desribed in Setion 4.2. Additionally, two regions will beonsidered: [0, 1] (cm) and [0, 0.1] (cm). The following variables are used to performthis ut study.i. The distane of losest approah (DCA) between the daughters;ii. the deay length of the Kπ pair; andiii. the reonstruted DCA of the D0 (parent partile) with respet to the primaryvertex.



5.5 The Reonstruted Mirovertexing Values Cut Study 1115.5.1 The S/B Study for SVT+SSD>0 hitsWe begin the S/B variation study by onsidering the ase where all the traks usedfor this study have a total number of silion hits SVT+SSD> 0. We selet the region
[0, 1] (cm) and the variation of the S and B is examined with a step of 0.1 cm. We willinsist on the region [0, 0.1] cm by varying the ratios S/B, S/√B , with a more �ne stepof 0.01 cm.The Range of Study [0, 1] cmIn Table 5.3 the values of S and B along with the ratios S/B and S/√B for eah mi-rovertexing variable are summarized for the ∆a = [0, 1] (cm) range. Also the survivalperentage (SP ) in the range ∆a is also presented for every mirovertexing variablein (b), as well as the ratios S/B () and S/√B (d). In partiular, the DCA betweendaughter traks is plotted in Figures 5.14, the D0 deay length in Figures 5.15 and the
D0 DCA to the primary vertex in Figures 5.16.
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(d)Fig. 5.14: DCA between traks S/B variation study for SVT+SSD>0, in the range [0, 1] (cm).Normalized distribution of S and B (a), survival perentage per value range (b), ratio
S/B () and S/√B (d).
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(d)Fig. 5.15: D0 deay length S/B variation study for SVT+SSD>0, in the range [0, 1] (cm). Nor-malized distribution of S and B (a), survival perentage per value range (b), ratio S/B() and S/√B (d).
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Tab. 5.3: S/B variation of mirovertexing variables in the [0, 1] (cm) range, for SVT+SSD>0 hits of eah trak.
@

@
@@

range (cm)variables [0, 0.1] [0, 0.2] [0, 0.3] [0, 0.4] [0, 0.5] [0, 0.6] [0, 0.7] [0, 0.8] [0, 0.9] [0, 1.0]

S 0.790 0.944 0.978 0.988 0.992 0.994 0.995 0.996 0.997 0.997DCA B 0.455 0.656 0.755 0.813 0.849 0.876 0.896 0.911 0.924 0.933between traks S/B 1.737 1.437 1.294 1.216 1.167 1.134 1.110 1.092 1.078 1.068

S/
√
B 1.171 1.166 1.126 1.096 1.077 1.062 1.051 1.044 1.037 1.032

S 0.652 0.867 0.928 0.953 0.966 0.973 0.978 0.982 0.984 0.986

D0 B 0.265 0.496 0.620 0.696 0.746 0.782 0.811 0.833 0.852 0.866deay length S/B 2.466 1.748 1.495 1.369 1.295 1.243 1.206 1.177 1.155 1.138

S/
√
B 1.267 1.231 1.179 1.142 1.118 1.100 1.086 1.076 1.066 1.060

S 0.797 0.943 0.973 0.984 0.989 0.992 0.994 0.995 0.995 0.996

D0 DCA to B 0.459 0.682 0.779 0.833 0.869 0.894 0.913 0.929 0.941 0.950primary vertex S/B 1.736 1.382 1.248 1.180 1.139 1.109 1.087 1.071 1.057 1.048

S/
√
B 1.176 1.142 1.102 1.078 1.061 1.049 1.040 1.032 1.026 1.022
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(d)Fig. 5.16: D0 DCA to primary vertex S/B variation study for SVT+SSD>0, in the range [0, 1] cm.Normalized distribution of S and B (a), survival perentage per value range (b), ratio
S/B () and S/√B (d).



5.5 The Reonstruted Mirovertexing Values Cut Study 115Range of Study [0, 0.1] cmFor the spei� range interval, the values of S and B along with the ratios S/B and
S/

√
B for eah mirovertexing variable are summarized for the ∆a = [0, 0.1] (cm)range in Table 5.4. Conerning the graphial part, for every Figure the raw distri-butions are given in (a), the SP in (b), along with both S/B in () and S/

√
B in(d). In Figures 5.17 the plots referring to the DCA between daughter traks are pre-sented. For the D0 deay length the plots are given in Figures 5.18. Finally for the D0DCA to the primary vertex the plots are found in Figures 5.19.
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(d)Fig. 5.17: DCA between traks S/B variation study for SVT+SSD>0, in the range [0, 0.1] (cm).Normalized distributions of S and B (a), survival perentage per value range (b), ratio
S/B () and S/√B (d).
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(d)Fig. 5.18: D0 Deay length S/B variation study for SVT+SSD>0 in the range [0, 0.1] (cm). Nor-malized distribution of S and B (a), survival perentage per value range (b), ratio S/B() and S/√B (d).
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Tab. 5.4: S/B variation of mirovertexing variables for di�erent ranges in the [0, 0.09] (cm) and SVT+SSD>0 hits of eah trak.
@

@
@@

range (cm)variables [0, 0.01] [0, 0.02] [0, 0.03] [0, 0.04] [0, 0.05] [0, 0.06] [0, 0.07] [0, 0.08] [0, 0.09]

S 0.153 0.286 0.398 0.490 0.565 0.626 0.678 0.722 0.758DCA B 0.061 0.118 0.172 0.223 0.270 0.313 0.353 0.391 0.424between traks S/B 2.508 2.419 2.310 2.196 2.091 1.990 1.918 1.848 1.788

S/
√
B 0.619 0.832 0.959 1.037 1.087 1.118 1.141 1.155 1.164

S 0.016 0.080 0.173 0.267 0.354 0.433 0.500 0.561 0.609

D0 B 0.002 0.012 0.033 0.062 0.095 0.129 0.165 0.199 0.232deay length S/B 8.000 6.666 5.242 4.300 3.732 3.355 3.030 2.811 2.618

S/
√
B 0.357 0.730 0.952 1.072 1.148 1.205 1.230 1.258 1.264

S 0.074 0.204 0.333 0.442 0.533 0.607 0.669 0.719 0.760

D0 DCA to B 0.018 0.059 0.114 0.172 0.229 0.283 0.332 0.378 0.419primary vertex S/B 4.111 3.413 2.925 2.568 2.326 2.145 2.010 1.902 1.813

S/
√
B 0.551 0.839 0.986 1.065 1.113 1.141 1.161 1.169 1.174
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(d)Fig. 5.19: D0 DCA to primary vertex S/B variation study for SVT+SSD>0, in the range
[0, 0.1] (cm). Normalized distribution of S and B (a), survival perentage per valuerange (b), ratio S/B () and S/√B (d).



5.5 The Reonstruted Mirovertexing Values Cut Study 1195.5.2 The S/B Study for SVT+SSD>1 hitsThe Range of Study [0, 1] cmIn Table 5.5 the values are summarized in the interval ∆a = [0, 1] (cm) and B alongwith the variation of S/B and S/
√
B in a given range. Conerning the graphialpart, for every Figure the raw distributions are given in (a), the SP in (b), along withboth S/B in () and S/√B in (d). The DCA between traks is shown in Figure 5.20,the D0 deay length in Figure 5.21 and �nally the D0 DCA to the primary vertex inFigure 5.22.
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(d)Fig. 5.20: DCA between traks S/B variation study for SVT+SSD>1, in the range [0, 1] (cm).Normalized distribution of S and B (a), survival perentage per value range (b), ratio
S/B () and S/√B (d).
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(d)Fig. 5.21: D0 deay length S/B variation study for SVT+SSD>1, in the range [0, 1] (cm). Nor-malized distribution of S and B (a), survival perentage per value range (b), ratio S/B() and S/√B (d).
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Tab. 5.5: S/B variation of mirovertexing variables in the [0, 1] (cm) range, for SVT+SSD>1 hits for eah trak.
@

@
@@

range (cm)variables [0, 0.1] [0, 0.2] [0, 0.3] [0, 0.4] [0, 0.5] [0, 0.6] [0, 0.7] [0, 0.8] [0, 0.9] [0, 1.0]

S 0.941 0.990 0.996 0.998 0.998 0.999 0.999 0.999 0.999 0.999DCA B 0.591 0.766 0.832 0.868 0.891 0.909 0.923 0.933 0.942 0.949between traks S/B 1.591 1.293 1.197 1.150 1.120 1.098 1.082 1.070 1.059 1.052

S/
√
B 1.224 1.131 1.091 1.071 1.057 1.047 1.039 1.034 1.029 1.025

S 0.852 0.956 0.978 0.987 0.990 0.992 0.994 0.995 0.996 0.996

D0 B 0.413 0.637 0.730 0.781 0.815 0.840 0.860 0.876 0.889 0.899deay length S/B 2.061 1.500 1.340 1.261 1.210 1.180 1.155 1.135 1.120 1.108

S/
√
B 1.326 1.197 1.145 1.116 1.096 1.082 1.071 1.063 1.056 1.050

S 0.944 0.990 0.995 0.997 0.998 0.998 0.998 0.998 0.998 0.998

D0 DCA to B 0.628 0.790 0.849 0.882 0.906 0.924 0.939 0.950 0.959 0.966primary vertex S/B 1.502 1.253 1.173 1.129 1.100 1.079 1.063 1.050 1.040 1.033

S/
√
B 1.191 1.114 1.079 1.061 1.049 1.038 1.029 1.024 1.019 1.015
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(d)Fig. 5.22: D0 DCA to primary vertex S/B variation study for SVT+SSD>1, in the range
[0, 0.1] cm. Normalized distribution of S and B (a), survival perentage per value range(b), ratio S/B () and S/√B (d).



5.5 The Reonstruted Mirovertexing Values Cut Study 123Range of Study [0, 0.1] cmFor the spei� range interval, the values of S and B along with the ratios S/B and
S/

√
B for eah mirovertexing variable are summarized for the ∆a = [0, 0.1] (cm) rangein Table 5.6. Conerning the graphial part, for every Figure the raw distributionsare given in (a), the SP in (b), along with both S/B in () and S/

√
B in (d). InFigures 5.23 the plots referring to the DCA between daughter traks are presented.For the D0 deay length the plots are given in Figures 5.24. Finally for the D0 DCA tothe primary vertex the plots are found in Figures 5.25.
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(d)Fig. 5.23: DCA between traks S/B variation study for SVT+SSD>1, in the range [0, 0.1] (cm).Normalized distributions of S and B (a), survival perentage per value range (b), ratio
S/B () and S/√B (d).
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(d)Fig. 5.24: D0 Deay length S/B variation study for SVT+SSD>1 in the range [0, 0.1] (cm). Nor-malized distribution of S and B (a), survival perentage per value range (b), ratio S/B() and S/√B (d).
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Tab. 5.6: S/B variation of mirovertexing variables for di�erent ranges in the [0, 0.09] (cm) and SVT+SSD>1 hits for eah trak.
@

@
@@

range (cm)variables [0, 0.01] [0, 0.02] [0, 0.03] [0, 0.04] [0, 0.05] [0, 0.06] [0, 0.07] [0, 0.08] [0, 0.09]

S 0.234 0.432 0.583 0.694 0.777 0.834 0.875 0.904 0.925DCA B 0.089 0.170 0.246 0.314 0.376 0.431 0.480 0.522 0.559between traks S/B 2.604 2.530 2.373 2.205 2.062 1.932 1.821 1.730 1.653

S/
√
B 0.784 1.047 1.175 1.239 1.267 1.270 1.262 1.251 1.237

S 0.031 0.152 0.314 0.461 0.579 0.671 0.737 0.787 0.824

D0 B 0.004 0.025 0.065 0.117 0.173 0.229 0.282 0.330 0.374deay length S/B 7.750 5.929 4.798 3.920 3.333 2.920 2.609 2.380 2.201

S/
√
B 0.490 0.961 1.231 1.348 1.392 1.402 1.388 1.370 1.347

S 0.137 0.358 0.550 0.682 0.775 0.837 0.880 0.908 0.928

D0 DCA to B 0.033 0.108 0.200 0.291 0.374 0.444 0.504 0.553 0.594primary vertex S/B 4.058 3.295 2.742 2.338 2.072 1.883 1.746 1.641 1.560

S/
√
B 0.754 1.089 1.229 2.343 1.267 1.256 1.240 1.221 1.204
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(d)Fig. 5.25: D0 DCA to primary vertex S/B variation study for SVT+SSD>1, in the range
[0, 0.1] (cm). Normalized distribution of S and B (a), survival perentage per valuerange (b), ratio S/B () and S/√B (d).



5.5 The Reonstruted Mirovertexing Values Cut Study 1275.5.3 The S/B Study for SVT+SSD>2 hitsThe Range of Study [0, 1] cmIn Table 5.7 it is summarized the variation of S, B as well as S/B, S/√B for the
∆a = [0, 1] (cm) range, for traks with SVT+SSD>2. In addition all traks omply withthe SVT+SSD>2 silion hits trak. The DCA between traks is shown in Figure 5.26,the D0 deay length in Figure 5.27 and �nally the D0 DCA to the primary vertex inFigure 5.28.
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(d)Fig. 5.26: DCA between traks S/B variation study for SVT+SSD>2, in the range [0, 1] (cm).Normalized distribution of S and B (a), survival perentage per value range (b), ratio
S/B () and S/√B (d).
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(d)Fig. 5.27: D0 deay length S/B variation study for SVT+SSD>2, in the range [0, 1] (cm). Nor-malized distribution of S and B (a), survival perentage per value range (b), ratio S/B() and S/√B (d).
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Tab. 5.7: S/B variation of mirovertexing variables in the [0, 1] (cm) range, for SVT+SSD>2 hits for eah trak.
@

@
@@

range (cm)variables [0, 0.1] [0, 0.2] [0, 0.3] [0, 0.4] [0, 0.5] [0, 0.6] [0, 0.7] [0, 0.8] [0, 0.9] [0, 1.0]

S 0.981 0.997 0.998 0.999 0.999 0.999 0.999 0.999 0.999 0.999DCA B 0.711 0.856 0.900 0.921 0.935 0.945 0.953 0.959 0.965 0.969between traks S/B 1.378 1.165 1.100 1.083 1.067 1.056 1.047 1.040 1.035 1.030

S/
√
B 1.163 1.077 1.051 1.040 1.033 1.027 1.023 1.020 1.016 1.015

S 0.910 0.972 0.984 0.990 0.992 0.994 0.995 0.996 0.997 0.997

D0 B 0.534 0.741 0.815 0.853 0.877 0.895 0.907 0.918 0.927 0.933deay length S/B 1.703 1.311 1.208 1.159 1.130 1.110 1.096 1.080 1.075 1.068

S/
√
B 1.245 1.129 1.089 1.072 1.059 1.050 1.045 1.040 1.036 1.032

S 0.973 0.995 0.997 0.998 0.999 0.998 0.999 0.998 0.999 0.998

D0 DCA to B 0.763 0.874 0.907 0.927 0.942 0.953 0.961 0.968 0.974 0.979primary vertex S/B 1.280 1.138 1.098 1.076 1.060 1.048 1.039 1.031 1.024 1.020

S/
√
B 1.114 1.064 1.046 1.037 1.029 1.022 1.019 1.014 1.012 1.008
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(d)Fig. 5.28: D0 DCA to primary vertex S/B variation study for SVT+SSD>2, in the range
[0, 1] (cm). Normalized distribution of S and B (a), survival perentage per value range(b), ratio S/B () and S/√B (d).



5.5 The Reonstruted Mirovertexing Values Cut Study 131Range of Study [0, 0.1] cmFor the spei� range interval, the values of S and B along with the ratios S/B and
S/

√
B for eah mirovertexing variable are summarized for the ∆a = [0, 0.1] (cm) rangein Table 5.8. Conerning the graphial part, for every Figure the raw distributionsare given in (a), the SP in (b), along with both S/B in () and S/

√
B in (d). InFigures 5.29 the plots referring to the DCA between daughter traks are presented.For the D0 deay length the plots are given in Figures 5.30. Finally for the D0 DCA tothe primary vertex the plots are found in Figures 5.31.
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(d)Fig. 5.29: DCA between traks S/B variation study for SVT+SSD>2, in the range [0, 0.1] (cm).Normalized distributions of S and B (a), survival perentage per value range (b), ratio
S/B () and S/√B (d).
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(d)Fig. 5.30: D0 Deay length S/B variation study for SVT+SSD>2 in the range [0, 0.1] (cm). Nor-malized distribution of S and B (a), survival perentage per value range (b), ratio S/B() and S/√B (d).
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Tab. 5.8: S/B variation of mirovertexing variables for di�erent ranges in the [0, 0.09] (cm) and SVT+SSD>2 hits for eah trak.
@

@
@@

range (cm)variables [0, 0.01] [0, 0.02] [0, 0.03] [0, 0.04] [0, 0.05] [0, 0.06] [0, 0.07] [0, 0.08] [0, 0.09]

S 0.300 0.534 0.700 0.807 0.880 0.918 0.945 0.962 0.973DCA B 0.118 0.225 0.321 0.408 0.482 0.546 0.598 0.643 0.680between traks S/B 2.520 2.372 2.177 1.978 1.825 1.683 1.578 1.490 1.429

S/
√
B 0.873 1.125 1.235 1.263 1.267 1.242 1.222 1.199 1.179

S 0.050 0.224 0.434 0.590 0.699 0.777 0.827 0.867 0.890

D0 B 0.008 0.043 0.105 0.180 0.257 0.328 0.391 0.446 0.493deay length S/B 6.589 5.167 4.100 3.270 2.722 2.367 2.115 1.943 1.803

S/
√
B 0.559 1.080 1.339 1.390 1.378 1.356 1.322 1.298 1.268

S 0.196 0.471 0.678 0.799 0.870 0.912 0.936 0.955 0.964

D0 DCA to B 0.054 0.169 0.300 0.418 0.516 0.593 0.653 0.698 0.734primary vertex S/B 3.603 2.783 2.256 1.908 1.686 1.537 1.434 1.360 1.312

S/
√
B 0.843 1.145 1.237 1.235 1.211 1.184 1.158 1.143 1.125
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5.5 The Reonstruted Mirovertexing Values Cut Study 1355.5.4 The S/B Study for SVT+SSD>3 hitsThe Range of Study [0, 1] cmIn Table 5.9 it is summarized the variation of S, B, as well as S/B and S/√B in therange [0, 1] (cm) for traks with SVT+SSD>3. Conerning the graphial part, for everyFigure the raw distributions are given in (a), the SP in (b), along with both S/B in() and S/√B in (d). The DCA between traks is shown in Figure 5.32, the D0 deaylength in Figure 5.33 and �nally the D0 DCA to the primary vertex in Figure 5.34.
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Tab. 5.9: S/B variation of mirovertexing variables in the [0, 1] (cm) range, for SVT+SSD>3 hits for eah trak.
@

@
@@

range (cm)variables [0, 0.1] [0, 0.2] [0, 0.3] [0, 0.4] [0, 0.5] [0, 0.6] [0, 0.7] [0, 0.8] [0, 0.9] [0, 1.0]

S 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000DCA B 0.736 0.872 0.906 0.921 0.931 0.942 0.950 0.957 0.970 0.968between traks S/B 1.354 1.145 1.103 1.084 1.073 1.061 1.051 1.044 1.030 1.032

S/
√
B 1.086 1.049 1.036 1.033 1.031 1.025 1.021 1.018 1.013 1.030

S 0.932 0.980 0.987 0.992 0.995 0.995 0.996 0.996 0.998 0.998

D0 B 0.526 0.718 0.795 0.836 0.863 0.880 0.895 0.906 0.916 0.923deay length S/B 1.770 1.365 1.240 1.187 1.152 1.129 1.112 1.099 1.089 1.081

S/
√
B 0.725 0.847 0.891 0.914 0.928 0.938 0.946 0.951 0.957 0.957

S 0.977 0.998 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000

D0 DCA to B 0.792 0.882 0.908 0.924 0.941 0.950 0.964 0.970 0.974 0.981primary vertex S/B 1.234 1.131 1.100 1.081 1.062 1.049 1.037 1.030 1.025 1.010

S/
√
B 1.097 1.062 1.048 1.082 1.040 1.025 1.025 1.015 1.013 1.009
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(d)Fig. 5.34: D0 DCA to primary vertex S/B variation study for SVT+SSD>3, in the range
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5.5 The Reonstruted Mirovertexing Values Cut Study 139Range of Study [0, 0.1] cmFor the spei� range interval, the values of S and B along with the ratios S/B and
S/

√
B for eah mirovertexing variable are summarized for the ∆a = [0, 0.1] (cm) inTable 5.10. Conerning the graphial part, for every Figure the raw distributions aregiven in (a), the SP in (b), along with both S/B in () and S/

√
B in (d). In Fig-ures 5.35 the plots referring to the DCA between daughter traks are presented. For the

D0 deay length the plots are given in Figures 5.36. Finally for the D0 DCA to the pri-mary vertex the plots are found in Figures 5.37.
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(d)Fig. 5.35: DCA between traks S/B variation study for SVT+SSD>3, in the range [0, 0.1] (cm).Normalized distributions of S and B (a), survival perentage per value range (b), ratio
S/B () and S/√B (d).
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Tab. 5.10: S/B variation of mirovertexing variables for di�erent ranges in the [0, 0.09] (cm) and SVT+SSD>3 hits for eah trak.
@

@
@@

range (cm)variables [0, 0.01] [0, 0.02] [0, 0.03] [0, 0.04] [0, 0.05] [0, 0.06] [0, 0.07] [0, 0.08] [0, 0.09]

S 0.338 0.585 0.761 0.862 0.925 0.962 0.982 0.991 0.993DCA B 0.133 0.243 0.343 0.431 0.510 0.577 0.628 0.672 0.708between traks S/B 2.540 2.407 2.218 1.995 1.812 1.667 1.562 1.474 1.403

S/
√
B 0.926 1.187 1.299 1.313 1.295 1.266 1.239 1.239 1.180

S 0.066 0.280 0.526 0.688 0.777 0.828 0.875 0.907 0.923

D0 B 0.005 0.043 0.104 0.176 0.248 0.322 0.382 0.436 0.485deay length S/B 11.511 6.511 5.030 3.898 3.122 2.568 2.288 2.076 1.901

S/
√
B 0.934 1.350 1.631 1.639 1.560 1.459 1.415 1.373 1.325

S 0.225 0.540 0.751 0.846 0.905 0.938 0.961 0.970 0.974

D0 DCA to B 0.059 0.188 0.336 0.464 0.569 0.643 0.700 0.737 0.769primary vertex S/B 3.818 2.860 2.235 1.821 1.588 1.457 1.372 1.315 1.265

S/
√
B 0.926 1.245 1.295 1.241 1.199 1.169 1.148 1.129 1.110
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(d)Fig. 5.37: D0 DCA to primary vertex S/B variation study for SVT+SSD>3, in the range
[0, 0.1] (cm). Normalized distribution of S and B (a), survival perentage per valuerange (b), ratio S/B () and S/√B (d).



5.5 The Reonstruted Mirovertexing Values Cut Study 1435.5.5 The S/B Study for the Rest of the Mirovertexing Vari-ablesConerning the mirovertexing variables listed below, the S/B variation study will betreated using a di�erent range. We shall begin the study by onsidering the followingvariables:i. The angle φ2 as presented in Setion 4.2.1, de�ned as the angle between the twoplanes OAF and OBG of the daughter partiles and plotted in Figure 5.38.ii. the variable cos θpointing, (f. Setion 4.2.2), its distribution an be seen in Fig-ure 5.38;iii. the produt of DCAKxy ·DCAπxy (f. Setion 4.2.5) de�ned as the dot produt of theDCA daughter traks in the transverse plane and shown in Figure 5.39; andiv. the cos θ∗ (f. Setion 4.2.1) as seen in Figures 5.40 for the K and the π andidates;For the cos θpointing variable we selet values in the region [a, 1]. For the angle
φ2 between the planes (as desribed in Setion 4.2.1), we an distinguish two ases.In partiular we selet values within the range φ2 < π/2 or the range φ2 > π/2.Conerning the inner produt of the DCA to primary vertex of the daughter traks,DCAKxy ·DCAπxy in the region [−c, 0] (cm2). In Table 5.11, we summarize the ut studyof the above mentioned variables. Finally, let us also note that we selet only the asesthat both traks of the K−π+ omply with the SVT+SSD>0.
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Tab. 5.11: S/B variation study of the cos θpointing, cos θ∗K , cos θ∗π along with the DCAKxy ·DCAπxyand the angle φ2 between the planes of the daughter partiles. All values are normalizedto unity and all the traks omply with the demand: SVT+SSD>0 hits.

@
@

@@

range [cm2]variables < −0.020 < −0.010 < 0.000 < 0.002DCAKxy ·DCAπxy S 0.003 0.008 0.624 0.929
B 0.084 0.132 0.537 0.729
S/B 0.041 0.065 1.163 1.275
S/

√
B 0.012 0.023 0.851 1.088

[0.80, 1.00] [0.85, 1.00] [0.90, 1.00] [0.95, 1.00]

cos θpointing S 0.218 0.187 0.154 0.091
B 0.219 0.193 0.163 0.105
S/B 0.993 0.965 0.944 0.864
S/

√
B 0.465 0.425 0.382 0.281

[−1.00,−0.75] [−1.00,−0.50] [−1.00, 0.00] [−1.00, 0.20]

cos θ∗K

S 0.092 0.208 0.455 0.559
B 0.045 0.116 0.325 0.435
S/B 2.044 1.793 1.400 1.284
S/

√
B 0.434 0.611 0.797 0.847

[−0.20, 1.00] [0.00, 1.00] [0.50, 1.00] [0.75, 1.00]

cos θ∗π

S 0.559 0.444 0.199 0.092
B 0.434 0.315 0.109 0.045
S/B 1.284 1.408 1.812 2.044
S/

√
B 0.846 0.791 0.600 0.434

(0
◦

, 90
◦

] (90
◦

, 180
◦

]

φ2

S 0.669 0.380
B 0.642 0.406
S/B 1.042 0.928
S/

√
B 0.835 0.594
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Chapter 6Results in Cu+Cu ollisions at √snn = 200 GeVIn the urrent hapter, we present the results obtained by performing the analysis on theCu+Cu dataset at √snn = 200 GeV and in partiular the High Tower trigger. The variousuts along with the invariant mass plots for eah separate azimuthal ∆φ ase, and thesigni�ane of the signal are presented as well.6.1 IntrodutionIn the run V two di�erent speies (p+p and Cu+Cu at various energies as statedin Table 2.1) were used for ollisions, as mentioned in Table 2.1. Our analysis fo-uses on Cu+Cu at √
snn = 200 GeV and in partiular the High Tower triggereddataset. Conerning the STAR detetor, let us also note that the Barrel Eletromag-neti Calorimeter (BEMC) as it is presented in Setion 2.16, is partially instrumentedovering in aeptane η ∈ [0, 1]. The BEMC towers are aepted in the urrent anal-ysis, only in the region [0, 0.7]. The latter ut serves to avoid lots of material, lose tothe edges (η = 1), rossing when the vertex is at zc = ±30 cm. In run V the overalldataset of Cu+Cu at √snn = 200 GeV is distributed in the following data trigger setupnames [Dunlop 05℄.i. ∼30 · 106 events in uProdutionMinBias; andii. ∼17 · 106 events in uProdutionHighTower.The analysis is performed on the uProdutionHighTower data subset.147



148 6. Results in Cu+Cu ollisions�year 20056.2 Applied Event Cuts6.2.1 Primary z-Vertex CutA primary vertex ut is performed on the z omponent, aepting only events thatomply with |z-vertex| < 30 cm. In the urrent analysis 2795681 events were pro-essed, passing�after the z-vertex ut�2191462, and �nally aepting 26717 events,that ontain a high-pt eletron, as seen in Figure 6.1.
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Fig. 6.1: Distribution of primary z-vertex for: all events (blue), |z-vertex|< 30 cm (red) and se-leted (green) events for the Cu+Cu at √snn = 200 GeV (High Tower) dataset.6.2.2 BEMC Energy ThresholdAn online ut is imposed on the energy threshold of the BEMC tower at E > 3.75 GeV,omplying with the values of Table 3.3, for the adequate trigger. The urrent triggersetup is used in order to obtain a high-pt triggered events, with a large probability ofontaining an e± as the trigger partile. In addition for the eletron identi�ation theuts desribed in Setion 3.5 are applied.6.3 Applied Trak Cuts6.3.1 Trak Quality CutsThe trak seletion, inludes a ut on the |η| < 1 and the number of the points in theTPC. In partiular nHitsTPC > 20 and nHitsFitnHitsPoss > 0.15, in agreement with (3.2). Thetotal number of seleted pairs per event, samesign (++ or −−) and unlike (+−) sign



6.4 Charged Event Multipliity and ∆φ Cuts 149an be seen in Figure 6.2. Also in order to apply the mirovertexing tehnique we areusing the global traks as stated in Appendix E.6.3.2 Partile Identi�ation CutsIn order to identify the hadron into di�erent speies, we selet traks that omply withthe dE
dx

ut: as desribed in Setion 3.6 and in partiular for the whole pt spetrum,respeting (6.1).
|nSigmaKaon| < 2 and |nSigmaPion| < 3 (6.1)A supplementary ut on the kaon andidates is also imposed involving the harge. Inpartiular if the harge of the hadron is equal to the eletron harge, then the hadronbeomes a kaon andidate, as desribed in Setion 1.13. In this way, we are lookingfor ontribution mainly from the cc̄ at ∆φ = 180

◦ and bb̄ at ∆φ = 0
◦ fragmentationhannel as it is summarized in Table 1.2.
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Fig. 6.2: Unlike sign (in green) hadron pairs distribution per event for the Cu+Cu dataset, alongwith the like sign (−− in blue and ++ in red). All plots are normalized to the totalnumber of entries.6.4 Charged Event Multipliity and ∆φ CutsWe begin the desription of the analysis by mentioning the uts that will be used lateron. In order to study the invariant mass yield, we perform spei� uts on the eventharged multipliity and on the ∆φ of the trigger partile (e±) and the reonstruted
K−π+/K+π− pair. We summarize the ∆φ along with the event multipliity in thefollowing ombinations. Also let us onsider the ∆φ ≡ φe − φpair to be the azimuthal



150 6. Results in Cu+Cu ollisions�year 2005di�erene between the trigger partile (e±) and the reonstruted parent partile D0.The distribution of the multipliity for the Cu+Cu dataset an be seen in Figure 3.3and a orrelation of the entrality bins along with the multipliity an be found inTable 3.2.A. No multipliity utI. ∆φ = 0 ± 1.2II. ∆φ = π ± 1.2III. No ∆φ utB. Multipliity<74I. ∆φ = 0 ± 1.2II. ∆φ = π ± 1.2III. No ∆φ utC. Multipliity<104I. ∆φ = 0 ± 1.2II. ∆φ = π ± 1.2III. No ∆φ ut6.5 Mirovertexing CutsIn addition to the event uts desribed in Setion 6.5, by applying the mirovertex-ing tehnique desribed in Chapter 4, we onstrut the following set of uts to beapplied for every hadron pair K±π∓.a. i. SVT+SSD > 0ii. DCA between the daughters < 0.2 cmiii. Deay length < 0.2 cmiv. DCA of D0 to primary vertex (PV) < 0.2 cmb. i. SVT+SSD > 0ii. Deay length < 0.3 cmiii. DCA of D0 to PV < 0.2 cm. i. SVT+SSD > 0



6.6 Invariant Mass Plots 151ii. DCA between the daughters < 0.04 cmiii. DCA of D0 to PV < 0.2 cmiv. cos θ∗K < 0.24v. 1. Deay length < 0.30 cm2. < 0.20 cm3. < 0.10 cm4. < 0.05 cmd. i. SVT+SSD > 0ii. DCA between the daughters < 0.3 cmiii. Deay length < 0.3 cmiv. DCA of D0 to PV < 0.3 cme. i. SVT+SSD > 0ii. DCA between the daughters< 0.05 cmiii. DCA of daughters to PV < 0.05 cmiv. DCAKxy · DCAπxy < 0.5 cm2v. cos θpointing > 0.8vi. pt > 0.3 GeV/c for eah daughter trak6.6 Invariant Mass Plots6.6.1 Results with Cutset After having implemented the previous uts as desribed, a major set of invariant massplots has been generated. In the following setions, a subset of the results for the inves-tigated set of uts is presented. In partiular, the event uts desribed in ∆φ and hargemultipliity�desribed in Setion 6.4�with the traks uts as desribed in Setion 6.5.The results for all uts are available in the following link http://tinyurl.om/3yd5oobfor the STAR ollaboration and are not inluded in the thesis as they are severalhundreds of pages.In the following plots, it is presented the ase of the D0/D̄0 invariant mass yieldalong with the total samesign √

(++) ⊗ (−−) bakground and the subsequent sub-tration. In addition to these, a polynomial �t of 7th degree along with a gaussian �tis performed. A supplementary set of event uts is imposed, namely for the ∆φ = 0in Figure 6.3, for the ∆φ = π shown in Figure 6.4, and without any ∆φ ut shown inFigure 6.5.

http://tinyurl.com/3yd5oob
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Fig. 6.5: D0/D̄0 Invariant mass yield plots obtained with no ∆φ ut and Cutset . Left : Invariantmass yield (blak) along with polynomial and gaussian �t (green). Right : Subtratedinvariant mass yield.6.6.2 Results with Cutset dEvent Cut AI
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6.6 Invariant Mass Plots 1556.6.3 Results with Cutset eUsing the Cutset e, and by ombining the event Cutset ∆φ = {0, π} in Figures 6.9�6.10ut as well as no ∆φ ut in Figure 6.11, we obtain the following ases.Event Cut AI
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Invariant Mass [GeV/c2]Fig. 6.11: D0/D̄0 Invariant mass plots obtained with no ∆φ ut and Cutset e. Left : Invariantmass (blue) yield with samesign bakground yield (green). Center : Primary bakgroundsubtration (blak) along with polynomial and gaussian �t (green). Right : Seondarybakground subtration of the invariant mass yield.Event Cut BIIBy implementing the Cutset e, we are ontinuing the analysis along with the event utson the harge multipliity< 74 and the ∆φ, it is obtained the ase shown in Figure 6.12.6.7 DisussionWe have investigated the ut sets shown in Setion 6.4 and Setion 6.5 in the overallCu+Cu dataset at √snn = 200 GeV, by performing the event uts listed below:i. Event harged multipliity with no ut and multipliity< {74, 103}; andii. azimuthal angular orrelation between trigger partile and the hadron pair. Inpartiular it is hosen no ∆φ ut as well as ∆φ = {0, π}.We have also presented in this hapter the results for the investigated set of utsapplied in the Cu+Cu dataset. In partiular using the Cutset  we obtained theresults shown in Setion 6.6. The results that were obtained with Cutset d are shownin Setion 6.6.2 and �nally in Setion 6.6.3 the plots with the results obtained withCutset e are presented. For the like sign e�K ase whih has been investigated for the
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Fig. 6.12: D0/D̄0 Invariant mass plots obtained with harge multipliity< 74, ∆φ = π ut andCutset e. Left : Invariant mass (blue) yield with samesign bakground yield (green).Center : Primary bakground subtration along with polynomial and gaussian �t. Right :Seondary bakground subtration of the invariant mass yield.Cu+Cu reations, in a systemati way no signal is observed for the ase of ∆φ = 0(beauty dominant ontribution), while a signal of signi�ane of up to maximum of
2.2 σ is obtained for the ∆φ = π ase (harm dominant ontribution). This trendis followed for all the multipliity studies. The orrelation method is desribed inSetion 1.13, and the ombinations of angular orrelation along with the harge signare summarized in Table 1.2. In partiular Figures 6.3, 6.6 and 6.9 show the resultsfor ∆φ = 0 ases, while Figures 6.4, 6.7 and 6.10 show the results for the ∆φ = πases. As an example of a signal ase, a signal of signi�ane 2.1 σ is obtained for the
∆φ = π ase and multipliity<74�keeping the 0�30% in entrality, f. Table 3.2. Theurrent result is shown in Figure 6.12. The latter ase refers to the harm ontribution,that is attained by ombining the like sign e�K pairs and seleting the ∆φ = π. Wesummarize the results obtained in Table 6.1.



158 6. Results in Cu+Cu ollisions�year 2005

Tab. 6.1: D0 invariant mass along with σ and signi�ane of the signal for eah ∆φ azimuthalorrelation in High Tower.
∆φ D0 mass [GeV/c2] σ [MeV/c2] signi�ane: S√

S+B

0
◦

1.893 ± 0.006 10.8 ± 4.2 2.50
180

◦

1.888 ± 0.006 16.0 ± 5.0 3.04No Cut 1.892 ± 0.005 14.7 ± 4.7 4.85



Chapter 7Results in p+p ollisions at √s = 200 GeVThe main objetive of the urrent hapter is the results obtained by analyzing the p+p datasetat √s = 200 GeV (run VI). In partiular we desribe the various uts that were used andpresent the invariant mass plots for eah separate ∆φ ase and e�K pair harge demand. Aonlusion is also drawn about the harm and beauty ontribution for the spei� dataset.7.1 IntrodutionDuring the run VI in the year 2006, the silion detetors�although physially present�were not taken under onsideration in the reonstrution hain of the events. Therefore,for the partiular dataset sine there is no informatio on the silion hits, no mirover-texing tehnique an be applied for the e�D0 analysis. The total dataset onsists ofapproximately 213·106 events, distributed in the following subsets (prodution triggersetup names and only physis stream) [Dunlop 06℄.ppProdutionTrans ontaining 101865945 events;ppProdutionLong ontaining 101367002 events;ppProdution ontaining 8892171 events; andpp2006MinBias ontaining 1074068 events.Let us also mention that it is the �rst year that the BEMC (Setion 2.16), is fullyinstrumented overing in η ∈ [−1,+1] aeptane.159



160 7. Results in p+p ollisions�year 20067.2 Applied Event Cuts7.2.1 Primary z-Vertex CutConerning the primary vertex z omponent, an inlusive ut is performed, keepingevents that omply with the |z-vertex| < 30 cm, as an be seen in Figure 7.1. Afterproessing in total 1795274 events, and passing the z-vertex ut 480654, 19228 eventsare �nally seleted. In Figure 7.1, it shown a omparative plot of the number of theinitial and �nal (seleted) events used in our analysis. In addition we selet BEMCtowers that span into the region η ∈ [−0.7, 0.7], avoiding the edges of the alorime-ter, where traks emerging from events with primary vertex at zc = ±30, an rosssigni�ant quantity of material.
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Fig. 7.1: Distribution of the z omponent of the primary vertex for: all events (blue), eventsthat omply with |z-vertex|< 30 cm (red) and seleted (green) events for the p+p datasetat √s = 200 GeV.
7.2.2 BEMC Energy ThresholdAn online ut on the energy of the BEMC towers is performed, omplying with thevalues of Table 3.3, for the various trigger sets that are urrently inluded in theanalysis. The values for the energy threshold of the towers vary with the triggerseletion and an take the values E ≥ {5.0, 5.4} GeV. In addition for the seletion ofthe eletrons the uts that are applied for the traks, are desribed in Setion 3.5.



7.3 Applied Trak Cuts 1617.3 Applied Trak Cuts7.3.1 Trak Quality CutsThe aepted traks span within |η| < 1 and the number of the points in the TPComply with with (3.2), desribed in Setion 3.3. Let us also mention that we are usingthe primary traks, as desribed in Appendix E.7.3.2 Partile Identi�ation CutsThe identi�ation of hadrons is ahieved by seleting traks that omply with the utsdesribed in (3.8). Conerning the identi�ation using the energy loss dE
dx
, we applythe uts desribed in Setion 3.6. For the urrent dataset, we have seleted the valuesexpressed in (7.1).

|nSigmaKaon| < 2 and |nSigmaPion| < 3 (7.1)In addition, a ut on the kaon andidates is also imposed, demanding the harge ofthe hadron to oinide with the eletron harge, as stated in Setion 1.13. The latterdemand an probe the cc̄ ontribution at ∆φ = π and the D0 dominantly oming fromthe bb̄ fragmentation hannel at ∆φ = 0.7.4 Invariant Mass Plots7.4.1 Results with ∆φ = πBy applying a like sign demand between the e and K, as well as a ∆φ = π ± 1.2,we obtain the signal of signi�ane 3 σ as shown in Figure 7.2. For the alulation ofthe signi�ane it was used the (3.16) by integrating over a mass area of [−3σ, 3σ] thesignal obtained and the S +B invariant mass yield.
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Fig. 7.2: Invariant Mass plots for the ∆φ = π ase for samesign e�K pair. Left : K−π+/K+π−invariant mass yield (blue) and samesign √
K−π− ⊗K+π+ (green). Right : Subtratedinvariant mass along with gaussian �t (green), obtaining the value of 1.888 GeV/c2 and

σ = 16 MeV/c2. The signal signi�ane obtained is S√
S+B

= 3.04 ( S√
B

= 3.26).7.4.2 Results with ∆φ = 0By performing a ∆φ = 0 and keeping the like sign demand between trigger partileand K andidate, it is obtained Figure 7.3.
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Fig. 7.3: D0/D̄0 Invariant Mass plots for the ∆φ = 0 ase for samesign e�K pair. Left :
K−π+/K+π− invariant mass yield (blue) and samesign√

K−π− ⊗K+π+ (green). Right :Subtrated invariant mass yield along with the gaussian �t (green), resulting mean value
1.893 GeV/c2, σ = 10.8 MeV/c2 and signi�ane S√

S+B
= 2.50 ( S√

B
= 2.64).7.4.3 Results with no ∆φ utWe ontinue the analysis by removing the azimuthal angular ut ∆φ and keepingthe like sign demand between trigger partile and K andidate. In that way bothontributions of cc̄ and bb̄ fragmentation are kept. The result obtained is shown inFigure 7.4.



7.5 Disussion 163
]2Invariant Mass [GeV/c

0.5 1 1.5 2 2.5 3 3.5 4

E
nt

rie
s 

[a
.u

.]

0

200

400

600

800

1000  -π +/K+π -K
(--)×(++)√

 / ndf 2χ   3.11 / 9
yield     52.6± 181.3 
position  0.005± 1.892 
width     0.00473± 0.01477 

]2Invariant Mass [GeV/c
1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1

E
nt

rie
s 

[a
.u

.]

-60

-40

-20

0

20

40

60

80

 / ndf 2χ   3.11 / 9
yield     52.6± 181.3 
position  0.005± 1.892 
width     0.00473± 0.01477 

Fig. 7.4: D0/D̄0 Invariant Mass plots with no ∆φ ut for samesign e�K pair. Left : K−π+/K+π−invariant mass yield (blue) and samesign √
K−π− ⊗K+π+ (green). Right : Subtratedinvariant mass yield along with the gaussian �t, yielding mean value 1.892 GeV/c2 and

σ = 14.7 MeV/c2 and signi�ane S√
S+B

= 4.85 ( S√
B

= 5.21).7.5 DisussionFor the harm (C) ontribution�the ase of ∆φ = π along with the like sign pairs
e�K as mentioned in Table 1.2�a signal was observed of signi�ane 3.1 σ as shown inFigure 7.2. For the ∆φ = 0 ase and for the like sign harge demand for the e�K pair,it is obtained a signal of signi�ane 2.50 σ for the beauty (B) ontribution.Using the e�D0 azimuthal orrelation method and the e�h (eletron-hadron) or-relations, it is found that the beauty ontribution enhanes with pt and beomesomparable to the harm ontribution around pt ∼ 5.5 GeV/c in p+p ollisions at√
s = 200 GeV [Mishke 09b, Geromitsos 09℄. The latter statement is shown graphi-ally in Figure 7.5�right part. The beauty ontribution is found to be ompatible toFONLL alulations within the unertainties [Aggarwal 10℄. Finally in Figure 7.5 theresult obtained from PYTHIA simulations �tted to the data, along with the MC�NLOalulation is shown as well.Tab. 7.1: The D0 invariant mass along with the σ and signi�ane of the signal for eah ∆φazimuthal orrelation.

∆φ D0 mass [GeV/c2] σ [MeV/c2] signi�ane: S√
S+B

0
◦

1.893 ± 0.006 10.8 ± 4.2 2.50
180

◦

1.888 ± 0.006 16.0 ± 5.0 3.04No Cut 1.892 ± 0.005 14.7 ± 4.7 4.85
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Fig. 7.5: Left : Azimuthal angular orrelation distribution of non-photoni eletrons and D0 (forthe ase of like sign e�K pairs) in p+p ollisions at √
s = 200 GeV. The systematiunertainties are also denoted (green). The result obtained from PYTHIA simulations�tted to the data, along with the MC�NLO alulation is shown as well (blak and blue-dashed lines respetively). Right : The relative bottom ontribution to the non-photonieletron yield derived from di�erent �ts to the e�D0 azimuthal orrelation distribution isdepited (red points), along with a omparison to the e-hadron orrelations (blue points)and to the unertainty band from a FONLL alulation (green urves). In addition, thesystemati unertainties are presented (yellow boxes). Plots taken from [Mishke 09b℄.



Chapter 8Results in Au+Au ollisions at √snn = 200 GeVIn the urrent hapter it is desribed the results obtained performing the analysis on theAu+Au dataset at √snn = 200 GeV and in partiular the Btag as well as the MinimumBias triggered events. We present the various uts along with the invariant mass plots foreah azimuthal ∆φ orrelation ase.8.1 IntrodutionDuring the run VII the overall dataset of the Au+Au at √snn = 200 GeV dataset, isdistributed in the following trigger setup names [Didenko 08℄.i. Approximately 62 ·106 events in the 2007ProdutionMinBias, (inluding only thephysis datastream); andii. ∼27.9 · 106 events in the 2007Prodution2, all the datastreams.In partiular, in the trigger setup name 2007Prodution2, the subset of events withthe Btag stream is the portion of events that the e�D0 analysis will be foused on. Thehigh-pt events belonging to this stream are ∼ 1.5·106 in total. Let us also mention thatfor the Minimum biased events�in the physis stream and in the 2007Prodution2�are approximately 18 · 106 events are inluded.8.2 Applied Event Cuts8.2.1 Primary z-Vertex CutA primary vertex ut at |z-vertex| < 20 cm is performed, allowing to selet traks, thatremain restrained in the STAR entral traking area. In total 1.461.003 events are165



166 8. Results in Au+Au ollisions�year 2007examined (belonging in the Btag stream and the 2007Prodution2). After the aboveprimary z-vertex ut, 1415616 events are gathered. Finally the portion of the 93727events used for the urrent analysis are obtained that ontain a high-pt eletron, asan be seen in Figure 8.1.
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Fig. 8.1: Distribution of the z omponent of the primary vertex for: all events (blue), eventsthat omply with the |z-vertex|< 20 cm (red) and the seleted (green) events for theAu+Au at √snn = 200 GeV (Btag) dataset.
8.2.2 Quality of RunsIt was suggested by the Physis Working Group of STAR Collaboration, that a ertainamount of runs obtained should be exluded from the analysis [Mohanty 09℄. In par-tiular, the riterion for the seletion of runs it is examined the 〈cosφ〉 of traks versusthe run-number is plotted for several pt bins (with a bin size of 50 MeV/c and doneup to pt = 2 GeV/c). The request is whether eah run has a mean value of the 〈cosφ〉greater than 2σ from the overall mean value desribed by (8.1).

〈cosφc〉 = −0.006 (8.1)
σcos φ = 0.003As a result, the Btag sample is a�eted by 7.46% yielding 6847 rejeted events. Forthe minimum biased events in 2007Prodution2, this demand a�ets 200 runs (orequivalently 675.294 events), or 3.82% of the total events.



8.3 Applied Trak Cuts 1678.2.3 BEMC Energy ThresholdThe online ut implemented on the transverse energy Et of the BEMC tower thresholdis at Et > 4.75 GeV, and omplies with the energy threshold values stated in Table 3.3,for the adequate triggers. A tower is aepted only if it is found within the pseudora-pidity area η ∈ [−0.7, 0.7]. The latter ut is performed in order to avoid the edges ofthe alorimeter where the material beomes thik, when ompared to the η = 0 region.8.3 Applied Trak Cuts8.3.1 Trak Quality CutsThe quality assurane of traks is performed by demanding for eah trak to have theTPC hits that omply with (3.2). Also traks outside the region |η| < 1 are exludedfrom the analysis. After the trak uts, the total number of seleted pairs per event,both for the samesign (++ or −−) as well as for the unlike-sign (+−) an be seenin Figure 8.2. Also in order to perform the mirovertexing tehnique we are using theglobal traks as stated in Appendix E.8.3.2 Partile Identi�ation CutsThe lassi�ation of hadrons into K and π is performed by seleting traks that omplywith the dE
dx

ut as desribed in Setion 3.6. The values hosen for the urrent dataset,are desribed in (8.2).
|nSigmaKaon| < 2 and |nSigmaPion| < 3 (8.2)Additionally, a supplementary seletion on the kaon andidates is also imposed. Inpartiular the demand of the harge of the hadron to be equal to the eletron harge,yields a kaon andidate, that an probe a D0 produed by a cc̄ at ∆φ = 180

◦ or a bb̄ at
∆φ = 0

◦ . In the urrent dataset, we also implemented the unlike sign harge demandbetween the trigger partile and the hadron, that ombined with the adequate ∆φ, itan probe from a bb̄ fragmentation hannel. The latter harge orrelations for the cc̄and bb̄ along with the azimuthal orrelations, are desribed in Setion 1.13.8.4 Mirovertexing Cutsa. i. SVT+SSD> 1ii. DCA of daughters to primary vertex (PV)< 0.1 cmiii. DCA between daughters< 0.1 cm
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Fig. 8.2: Unlike sign hadron pairs per event (green) distribution along with samesign (posi-tive: red and negative blue). The plot is reated from the Btag triggered events ofAu+Au at √snn = 200 GeV. All plots are normalized to unity.iv. Deay Length < 0.1 cmb. i. SVT+SSD> 1ii. cos θ∗<0iii. DCA between daughters< 0.06 cmiv. DCA of parent to PV< 0.1 cmv. Deay Length < 0.2 cm8.5 Invariant Mass Plots8.5.1 Results on Minimum Biased EventsBy performing the Cutset a desribed in Setion 8.4, on a subset of 3.71 ·106 minimumbiased events, we obtained the results shown in Figure 8.3, where the invariant massyield of D0/D̄0 is presented along with the samesign bakground √
K−π− ⊗K+π+ .In addition, a polynomial �t is performed and a seondary bakground subtration isperformed as well. Let us mention that in the absene of a trigger partile, the hargeorrelation Setion 1.13, annot be applied. Therefore eah hadron an belong to bothspeies as presented in Setion 3.8.1.
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Fig. 8.3: D0/D̄0 Invariant mass yield plots obtained with Cutset a on the minimum biased events.Left : Invariant mass yield (blue) along with samesign bakground √
K−π− ⊗K+π+(green). Center : Primary bakground subtration along with polynomial (red) and gaus-sian (blak) �t. Right : Subtrated invariant mass yield with the gaussian �t (blak line).The signal observed is 3.71 σ. The mean value from the �t is 1.884 GeV/c2 and the

σ = 11 MeV/c2.8.5.2 Results on the Btag Triggered EventsIn the urrent dataset, the demand of the harged trigger and kaon andidate, isapplied, allowing to perform the e�D0 orrelation method. In partiular, in Figure 8.4,it is seen the result for the cc̄ fragmentation hannel by seleting the samesign pairs
e�K and the azimuthal angular orrelation at ∆φ = π.8.6 DisussionIn the previous paragraphs, we have presented results obtained in the Au+Au at√snn =
200 GeV dataset. For the minimum biased events a signal of signi�ane of S√

S+B
=

3.71 is observed by performing the mirovertexing Cutset a. In addition, onerningthe Btag data subset, the orrelation method�summarized in Table 1.2�of ∆φ = πalong with the unlike sign harge demand for the e�K was applied. The signal observedby implementing the latter method along with the mirovertexing Cutset b, has a sig-ni�ane of S√
S+B

= 2.18. Finally, the results are summarized in Table 8.1, obtainedin the Au+Au at √snn = 200 GeV dataset.
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Fig. 8.4: D0/D̄0 Invariant mass yield plots obtained with ∆φ = π ut and Cutset b. Left : Invariantmass yield (blue). Center : Primary bakground subtration along with polynomial (red)and gaussian �t (blak). Right : Subtrated invariant mass yield with gaussian �t. Thesignal observed is 2.18 σ. The mean value from the �t is 1.883 GeV/c2 and the σ =
10 MeV/c2.

Tab. 8.1: D0 invariant mass along with σ and signi�ane of the signal for eah ∆φ azimuthalorrelation in the Btag and the Minimum biased events for the Au+Au dataset at√snn =
200 GeV. Let us also mention that for the e�D0 orrelation method, the unlike sign pairs
e�K are seleted.

∆φ D0 mass [GeV/c2] σ [MeV/c2] signi�ane: S√
S+BMinimum Biasn/a 1.884 ± 0.004 11.0 ± 0.4 3.71Btag trigger data

180
◦

1.883 ± 0.002 10.0 ± 0.1 2.18



Chapter 9Results inp+p and d+Au ollisions at √s = 200 GeVThe main fous of this hapter is the results obtained during run VIII, in p+p and d+Au datasetsat √
s = 200 GeV. We desribe the various uts that are implemented and present theinvariant mass plots for eah azimuthal ∆φ ase.9.1 IntrodutionFor the year 2008, the ensemble of the silion detetors was removed, allowing the lowmass run to be performed. In the absene of Silion detetors, let us mention that nomirovertexing tehnique will be used in the analysis for the urrent dataset. For thep+p around 27.6·106 event were taken. In partiular the physis datastream dispathedinto the following trigger setup names [Dunlop 08b℄:
∼24.4 · 106 events in ppProdution2008; and
∼0.8 · 106 events in ppProdution2008-2.For the d+Au ase, the total number of events is ∼ 99 · 106. The physis datastreamis divided aordingly into:
∼62.9 · 106 events in prodution_dAu2008; and
∼0.68 · 106 events in prodution_mb2008.171



172 9. Results in p+p and d+Au ollisions�year 20089.2 Applied Event Cuts9.2.1 Primary z-Vertex CutConerning the z omponent of the primary vertex of the event, a ut keeping the eventsthat omply with the |z-vertex| < 20 cm is applied, as an be seen in Figures 9.1. Forthe p+p dataset, 8646010 events were analyzed, with only 2243256 passing the z-vertexut and �nally 81129 were kept. Conerning the d+Au dataset, a portion of 196334events were seleted, after proessing in total ∼13·106 and only 196334 passing the
z-vertex ut.
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Fig. 9.1: Distribution of the primary vertex z omponent for the run VIII at √s = 200 GeV. Allevents (blue), |z-vertex|< 20 cm (red) and seleted (green) events. Left: For the p+p run.Right: For the d+Au run.9.2.2 BEMC Energy ThresholdThe ut on the transverse energy Et of the BEMC towers is applied, omplying with thevalues of Table 3.3. In spei� for the p+p run the values of the energy threshold are
Et ≥ {2.6, 3.6} GeV, whereas for the d+Au the values are Et ≥ {2.6, 3.6, 4.3, 8.4} GeVdepending on the spei� trigger demand. Conerning the trak uts applied for theeletron identi�ation, the latter are mentioned in Setion 3.5.9.3 Applied Trak Cuts9.3.1 Trak Quality CutsIn order to ensure good quality of traks, we selet traks are within |η| < 1, andonerning the number of the points in the TPC for eah (3.2) is respeted. Let usalso note that we are using the global traks as stated in Appendix E.



9.4 Invariant Mass Plots 1739.3.2 Partile Identi�ation CutsThe identi�ation of hadron into K and π, is performed by seleting traks that omplywith the dE
dx

ut desribed in Setion 3.6. For the kaon andidate, a supplementary uton is also imposed, based on the harge demand of the hadron to be equal to theeletron harge. The latter method is presented in Setion 1.13. The values for the dE
dxomply with (9.1).

|nSigmaKaon| < 2 and |nSigmaPion| < 3 (9.1)9.4 Invariant Mass Plots9.4.1 Results in p+pUsing the ∆φ = 0 (Figure 9.2), ∆φ = π (Figure 9.3) and no ∆φ ut as shown inFigure 9.4, we obtained the results presented in the following paragraphs.Event Cut with ∆φ = 0 ut
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Fig. 9.2: D0/D̄0 Invariant mass yield plots obtained with ∆φ = 0 ut. Left : K−π+/K+π− invari-ant mass yield (blue) and samesign √
K−π− ⊗K+π+ yield (green). Right : Subtratedinvariant mass yield.



174 9. Results in p+p and d+Au ollisions�year 2008Event Cut with ∆φ = π ut
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Fig. 9.3: D0/D̄0 Invariant mass yield plots obtained with ∆φ = π ut. Left : K−π+/K+π− invari-ant mass yield yield (blue) and samesign √
K−π− ⊗K+π+ (green). Right : Subtratedinvariant mass yield.Event Cut with no ∆φ ut
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Fig. 9.4: D0/D̄0 Invariant mass yield plots obtained and no ∆φ ut. Left : K−π+/K+π− invariantmass yield (blue) and samesign √
K−π− ⊗K+π+ (green). Right : Subtrated invariantmass yield.



9.4 Invariant Mass Plots 1759.4.2 Results in d+AuUsing the ∆φ = 0 (Figure 9.5), ∆φ = π (Figure 9.6) and no ∆φ ut (Figure 9.7),we obtained the results shown in the following paragraphs. The samesign bakgroundthat was used is √K−π− ⊗K+π+ . Additionally the rotational bakground (at 180
◦)is presented as well in Figure 9.7.Event Cut with ∆φ = 0 ut
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Fig. 9.5: D0/D̄0 Invariant mass yield plots obtained with ∆φ = 0 ut. Left : K−π+/K+π− invari-ant mass yield (blue) and samesign √
K−π− ⊗K+π+ yield (green). Right : Subtratedinvariant mass yield.Event Cut with ∆φ = π ut
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Fig. 9.6: D0/D̄0 Invariant mass yield plots obtained with ∆φ = π ut. Left : K−π+/K+π− invari-ant mass yield (blue) and samesign √
K−π− ⊗K+π+ yield (green). Right : Subtratedinvariant mass yield.
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Fig. 9.7: D0/D̄0 Invariant mass yield plots obtained and no ∆φ ut. Left : K−π+/K+π− in-variant mass yield (blue) and rotational yield at 180
◦ (red). Right : Subtrated invariantmass yield.9.5 DisussionThe results obtained with the p+p at √s = 200 GeV ase of year VIII did not ontainthe mirovertexing tehnique, sine the silion detetors were taken out of the run.Conerning the ase of the ∆φ = 0 and like sign harge demand (f. Table 1.2) betweenthe trigger partile and the kaon andidate, (e�K), it is obtained a signal of S√

S+B
=

1.18. The mean value is (1.873 ± 0.005) GeV/c2 and the σ = (10.0 ± 0.1) MeV/c2.For the seond olliding speies of year VIII (Table 2.1), namely the d+Au at √s =
200 GeV, it was obtained by using a rotational bakground subtration (as desribedin Setion 3.9.2), a signal is with signi�ane S√

S+B
= 2.10. In the latter ase thesamesign harge demand was imposed on the e�K pair, for the kaon andidate seletion.Additionally no ut on the ∆φ angular orrelation was implemented. The above utsresult into the mean value of (1.896± 0.003) GeV/c2 and the σ = (11.0± 0.2) MeV/c2.The above results are summarized in Table 9.1.
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Tab. 9.1: The D0 invariant mass along with σ and the signi�ane of the signal for eah
∆φ azimuthal orrelation and for like sign harge demand for the e�K pairs for thep+p and d+Au at √s = 200 GeV.

∆φ D0 mass [GeV/c2] σ [MeV/c2] signi�ane: S√
S+Bd+Aun/a 1.896 ± 0.003 11.0 ± 0.2 2.10p+p

0
◦

1.873 ± 0.005 10.0 ± 0.1 1.18
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Chapter 10Novel SSD Cluster FinderIn this hapter it is presented a new Cluster Finder for the Silion Strip Detetor, utilizing theAu+Au dataset at √snn = 200 GeV (run VII) data. A short desription of the de�nitions ofthe pedestals and the subtration of the noise for the ladders is also presented as well. Theurrent Cluster Finder along with the novel luster �nding method are presented. Finally aomparison of the results obtained with the two methods, is performed as well.10.1 IntrodutionThe Silion Strip Detetor was physially present in run V, run VI and run VII (Cu+Cu,p+p and Au+Au at√snn = 200 GeV, respetively). The detetor was taken under on-sideration for the prodution of data, only in the Cu+Cu and Au+Au ase. Conerningthe priniple of the partile detetion via semi-ondutivity, the latter is presented inSetion 2.8 and a thorough desription of the detetor an be found in Setion 2.10.It is reported [Bouhet 07℄ that the number of harge lusters in p and n side exhibitan asymmetry. In spei�, in the n side the the number of lusters is lower than theone reorded from the p side. This is due to the high noise that the n side presents.Sine the standard luster �nder ombines the information from both sides in order todedue a luster, there is an impat on the overall e�ieny of the detetor.10.2 Calulation of the NoiseDuring a RHIC period of data aquisition, and in the absene of the beam, a dediatedrun on the SSD noise is being performed, registering the values of all the strips, over
N events (usually N=103). The alulation of the pedestal hene is being performedas the mean value pi = 〈xi〉 of the distribution of the signal of the i strip over these Nevents and expressed in (10.1). Let us onsider the signal value of the i strip for the k179
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i (in ADC).

pi =
1

N

N
∑

k=1

xk
i (10.1)Furthermore, the noise ni for the i strip is alulated as the standard deviation of thedistribution of the ADC signals over the sample of the N events. In mathematial formthe latter statement is expressed by (10.2).

ni =

√

√

√

√

1

N − 1

N
∑

k=1

(xk
i − pi)2 (10.2)During the STAR data aquisition period, the values of the pedestal are stored untilthe next SSD dediated run (SSD pedestal run) and an online pedestal subtration isbeing performed, aording to (10.3). Let x′i be the value of the i strip signal after thesubtration.

x′i = xi − pi > 0 (10.3)The values of the noise ni are stored for eah strip separately in order to be used o�ine.Also let us note that the zero suppression takes plae for eah raw ADC value.
x′i > ξ (10.4)In (10.4), the value of ξ di�ers depending on the dataset. In partiular for the Cu+Cu�run V�it was used ξ = 6ADC whether for the Au+Au�run VII�the value was raisedto ξ = 7ADC.
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Fig. 10.1: Cumulative distributions of signal (left) and noise (right) values for the p (red) and n(blue) side of the SSD, normalised to unity. Data is taken from N = 10000 events of run8105011 of the Au+Au at √snn = 200 GeV dataset.



10.3 Standard Cluster Finder 18110.3 Standard Cluster FinderWe refer to the Standard Cluster Finder, as the method that the urrent STAR Softwareis using in order to look for lusters in both sides of the detetor. In partiular thealgorithm onsists of the following steps.i. The method is applied �rst on eah wafer by seeking on both sides (p and n);ii. only strips that satisfy S

N
≥ 5, with S and N be the signal and noise for eahstrip;iii. let us onsider ic a �red strip. Then the i−1 and i+1 neighboring strips are alsoheked with a demand on the ratio of signal to noise omply with the Si±1

Ni±1
<

Si
Ni ; andiv. the lusters are ombined in both sides of the wafer, and aepted only if thelusters in the opposite sides (p and n) are assoiated.Let us also make a �nal note onerning the last argument. In partiular, the assoia-tion of the lusters in both sides of the detetor, is performed taking into aount notonly the topologial hits (on p and n sides), but also a supplementary ut on the hargemathing Qn ≃ Qp is performed. It is expeted that the partile passing through theSSD detetion module, will deposit approximately the same amount of energy reat-ing the same amount of eletron-holes on both sides. By using this method it is alsoensured the rejetion of the ambiguous assoiated lusters, alled ghosts.10.4 TSpetrum ROOT ClassThe main ore of the novel luster �nding method is the algorithm implemented inthe TSpetrum ROOT Class [Brun 06℄. In partiular, given a spei� spetrum, thealgorithm utilizes the Markov hain and seeks for peaks within a predetermined sigmaand threshold [Morh�a� 97b℄ interval. A Markov hain is a olletion of Markov pro-esses ξn(t), where n = 1, 2, . . . ,∞ with the property that for a given present ondition,the future is onditionally independent of its past [Papoulis 02℄. The latter statement,is expressed in terms of probability P in (10.5). Therefore, if we onsider for the timesequene that tn−1 < tn:

P[ξ(tn) ≤ ξn |ξ(t), t ≤ tn−1] = P[ξi(tn) ≤ ξn |ξ(tn−1)] (10.5)However in the ase where we have noisy data the number of peaks in the spetruman be enormous�approahing the number of strips. The ase of the SSD detetor



182 10. Novel SSD Cluster Finderand espeially of the n side of the wafers, exhibits suh a behavior, as desribed inAppendix F. In the above mentioned ase, it is therefore neessary to impose a demandon the threshold value of the peak and to onsider only the peaks higher than thisthreshold. In Figure 10.2 it is shown the ase where only three peaks were identi�ed,by imposing a threshold at 50 units. Let us onsider a luster of hannels that buildup the peak. Also by yc we denote the value of the enter of the peak, that is also thehigher signal. The ut is then expressed by (10.6). The di�erene between the valuein the enter of the peak and the average value of the two symmetrially positionedhannels must be greater than the threshold. The peak is ignored otherwise.
yc −

1

2
(yc−1 + yc+1) ≥ threshold (10.6)

Fig. 10.2: Seleted peaks using the TSpetrum algorithm. Left : No threshold imposed. Right :Threshold imposed at 50 units. Figures taken from [Morh�a� 97a℄.10.5 Novel Cluster FinderAs stated before the new luster �nding method seeks for lusters both in p and nside, independently, seeking 768 strips per wafer, 16 wafers per side, 2 sides per ladder,and 20 ladders that build up the whole detetor. We onsider a luster if the entralstrip has rms ≤ 15. A gaussian �t is performed in the lusters of the strips withpredetermined values both in σ and mean value. In partiular, the demand of the �tvariables are listed below.i. The height of the �t should not exeed the value of the entral luster strip yc;



10.6 Comparison Methodology 183ii. the standard deviation should be inside the interval σ ∈ (0, 1/
√

12 ]�following theonstant distribution�as stated Appendix C; andiii. the mean value of the �t x′c should be lose to the position of the entral strip ofeah luster, meaning that |x′c − xc| ≃ 1�2 [strips].Having imposed the above �tting parameters, the luster is �tted and the gaussianintegral A along its error δA, in the area [x′− 3σ, x′ +3σ] is also being alulated. Theluster of strips is aepted only if the (10.7) demand is ful�lled.
A

δA
≥ 5 (10.7)10.6 Comparison MethodologyIn order to obtain statistis, we performed the analysis on the following runs, by ex-amining the SSD hits obtained on an event-by-event basis using both methods. Inpartiular the low luminosity run was used: 8120057 [DePhillips 07℄, for the urrentomparison study. In Figure 10.3 it shown the �red strips of the wafer 14, ladder 01,both sides (p and n side). In the same Figure it is also presented the omparison of thetwo methods, running on the same wafer. The old method Setion 10.3 �nds one hitwhen at the same time the new luster �nder, desribed in Setion 10.5 �nds 3 hits.Let us also mention that this result is obtained with 1 event. In order to enhane thestatistis, the method is repeated over a total number of N = 10000 events ontainedin the above low luminosity run. The results obtained with both methods are disussedin the Setion 10.7 and a graphial omparison an be found in Figure 10.4.10.7 DisussionBy applying both methods, namely the Standard Cluster Finder (f. Setion 10.3) andthe novel method involving the TSpetrum (f. Setion 10.5), we obtained the resultsover 103 events from the low luminosity run 8120057 during the Au+Au at √

snn =
200 GeV. In Figure 10.4 it is shown the orrelation between the lusters found byboth methods. By performing a linear �t y = ax on the satter plot, we obtain theresult that the lusters found with the novel method. Sine the two SSD sides (p and
n), exhibit di�erent signal-to-noise ratio (Appendix F), we an separate the sides andperform a �t on the satter plot of the lusters found by the two di�erent methods.In addition the red line shows the ase where the slope is equal to unity y = x. Theresult of the �t is that the new method �nds approximately 43% more lusters thanthe old method for the n-side and 51% for the p-side. Of ourse the urrent omparisonstudy is performed on the raw hits reorded by the detetor and not by the hits that
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(f)Fig. 10.3: Fired SSD strips for wafer 14, ladder 01, sides p and n. for 1 event taken from the run8120057. Left : p-side. Right : n-side. Upper : The signal of eah strip (green) along withthe noise (blak) error bars, are drawn. Middle: Cluster found by SCF ()�(d), markedin blue star. Bottom: Plots (e)�(f), Novel Cluster Finder results, depiting the peaksfound with TSpetrum (red), passing partial requirements (blue) and the seleted ones(blak irles along the x axis).



10.7 Disussion 185are ombined with the rest of the detetor traking, suh as the TPC and SVT. In thefuture plans it is inluded the analysis with the Monte Carlo and the re-prodution ofa portion of the Au+Au (run VII) dataset with the Novel Cluster Finder.
!

Fig. 10.4: Correlation of the number of the lusters obtained by both methods. Along with alinear �t (blue). The red line indiates the linear funtion with slope=1. Upper : p-side.Lower : n-side. The �tting result yields approximately 43% more lusters than the oldmethod for the n-side and 51% for the p-side.
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Chapter 11ConlusionOne of the most important �ndings of the experiments at RHIC is the disovery ofanomalous quenhing of jets when passing through the dense and hot matter buildin nuleus nuleus ollisions. This quenhing is expeted indeed from the theory todepend on the mass of the quark that pass through the medium, and in partiular it isexpeted less quenhing for heavier masses. The jet quenhing an o�er a measure forthe gluon density of the partoni medium traversed by the quark. In order to extratthis density the model expetation must be well understood and to be ompared todi�erent data leading to a oherent piture. An important way to ompare model anddata is to investigate the dependene of the jet quenhing on the quark masses in thedata and perform a omparison to the theory.The heavy quarks (harm and beauty together) when measured through the non-photoni eletron yields in heavy ion reations at √
snn = 200 GeV at RHIC, ex-hibit a larger suppression than the one expeted from the theoretial onsiderations[Dokshitzer 01, Djordjevi 05℄. In order to omprehend this puzzle and to understandbetter the �avor dependene of the jet quenhing, the separation of harm and beautyontributions as well as the measurement of their quenhing is neessary. Next tothe diret measurement of the harm, the STAR experiment is urrently utilizing twomethods that an allow the disentaglement of harm and beauty. In partiular:i. The eletron-hadron (e�h); andii. the e�D0 azimuthal angular orrelations.In the urrent work the mirovertexing tehniques have been developed and havebeen applied to the datasets from Cu+Cu and Au+Au ollisions at √snn = 200 GeV,in order to extrat the D0 signal through the reonstrution of its seondary deayvertex. Furthermore, an analysis of the e�D0 azimuthal angular orrelations in thedatasets suh as Cu+Cu and Au+Au ollisions at √snn = 200 GeV has been performed187



188 11. Conlusionusing the above mentioned mirovertexing tehniques. Conerning the seondary vertexreonstrution of the hadroni deay D0 → K−π+, the mirovertexing tehniques havebeen tested and quality assured by performing a Monte Carlo (MC) omparison withreal data (Au+Au at √
snn = 200 GeV). In partiular, the study of the signi�aneof the D0 signal as a funtion of several uts on mirovertexing variables, has beenperformed utilizing the signal extrated from the MC data sample and the bakgroundfrom the real data. The study on the MC sample, leads to the optimization of the utsand the de�nition of several ut sets whih are applied to the data.The resolution of the STAR detetor inluding all silion detetors (SVT+SSD), isapproximately 250�300µm for the distane of losest approah to the primary vertex(DCA) of the traks, and therefore larger than the mean deay length�in the labframe: βγcτ�of the D0 of ∼ 70µm for the mean momentum of the D0 in the examinedollisions (while cτ = 120µm). Despite the above statement, it has been shown thatthe signal to bakground ratio for the D0 → K−π+ deay, is inreased without losingsigni�ant portion of the signal for the partiular uts. For example uts on the D0deay length, the DCA of the D0 to the primary vertex as well as the DCA of the deaydaughters to the primary vertex, both in the transverse (DCAxy) and longitudinal(DCAz) omponents.As a result, we observe a D0 signal of signi�ane S√

S+B
= 3.71 in a data sampleof 2.5·106 Au+Au events that were olleted after passing the minimum bias trigger,demanding at least one hit in the silion detetors (SVT+SSD) and implementing themirovertexing uts in order to redue the bakground. The signi�ane is found toinrease as expeted for the real signal with the number of events. Let us also notethat in the minimum biased events, no eletron (trigger partile) has been required tobe present.On the other hand, in datasets suh as the Cu+Cu and Au+Au, events with a hightransverse momentum (pt) trigger partile (e±) have been seleted by the online BarrelEletromagneti Calorimeter (BEMC) trigger (namely High Tower and Btag triggersfor the Cu+Cu and Au+Au datasets, respetively). We have used the eletromag-neti alorimeter of STAR to identify the eletrons and to rejet a large part of thephotoni bakground oming from the neutral meson deays (suh as π0 and η) aswell as photon onversion γ → e−e+ in the material (hene the term photoni). The

D0 invariant mass peak is then reonstruted by the implementation of the seondaryvertex reonstrution and by the appliation of the uts that were mentioned above.After the identi�ation of the eletron e and the D0 andidate (in the form of a Kπpair), we apply uts on the relative azimuthal angle (∆φ) of the eletron and the D0andidates found. In partiular, for the eletrons with the same sign as the daughter
K oming from the deay of the D0 a relative azimuthal angle di�erene of ∆φ ≃ 0 isexpeted mainly from the beauty (bb̄) diret prodution; whene a relative azimuthalangle di�erene around ∆φ ≃ π is expeted from the harm (cc̄) diret prodution.



11. Conlusion 189As a result we have observed the D0 signals orrelated with a high-pt eletronfound in these events whih exhibit a signi�ane up to S√
S+B

= 2.2. The numberof the Btag events in the Au+Au ollisions at √
snn = 200 GeV examined is about1.5·106 events. After the applied event uts, the number of the events analyzed in theAu+Au ollisions (Btag trigger) is ∼ 90000, while the same number is ∼ 26000 forthe Cu+Cu ollisions (High Tower triggered dataset). As a onsequene, the samplewith the tagged eletrons is muh smaller than the Au+Au events olleted with theminimum bias trigger. In addition to this, the Au+Au minimum bias data sample issuperior when ompared to the Cu+Cu data sample as far as the aeptane of theBEMC is onerned. In partiular, during the Cu+Cu data, only half of the BEMCwas installed, (pseudorapidity aeptane: 0 < η < 1), as opposed to the Au+Au fullaeptane (−1 ≤ η ≤ +1).Several sets of uts have been investigated and we have observed the D0 signalswhih are andidates for the diret harm and beauty prodution. For example theobserved D0 signal appears for the relative azimuthal angles of the ∆φ = π betweenthe e and the D0 for the like sign (LS) eletron and kaon, in whih the diret harmprodution (cc̄) is expeted to be the main soure as shown in the Cu+Cu analysisdataset. For the Au+Au dataset sample, we have presented results exhibiting a D0signal appearing for the relative azimuthal angles of ∆φ = 0 between e± and D0/D̄0. Inthe latter ase for the unlike sign (ULS) eletron and kaon, the diret beauty prodution(bb̄) is onsidered to be responsible. Further analysis on those signals is needed with theuse of orretions estimated with Monte Carlo D0 embedded in real Au+Au events,whih are at the moment∗ under quality assurane in STAR and will be very soonready to use. The embedding will allow the D0 signals observed in the Au+Au eventsto be orreted for the aeptane and e�ieny losses and an estimation of the rosssetions to be performed as well.The results obtained in the urrent analysis of Cu+Cu and Au+Au ollisions withthe mirovertexing methods were possible due to the exellent performane of the Sili-on Strip Detetor (SSD) of STAR, without whih no reliable Silion Vertex Traker hitreonstrution is possible, due to the large number of ghosts. In the urrent work, wehave furthermore analyzed the e�D0 azimuthal angular distributions in p+p ollisionsat √s = 200 GeV. We have observed the D0 signal for both the harm and the beauty,as it was expeted in the azimuthal orrelations with the eletrons. These results on-tribute to earlier analyses of the e�D0 azimuthal angular distributions in p+p ollisionsat √s = 200 GeV in whih it has been found that the beauty ontribution inreaseswith the pt and beomes omparable to the harm ontribution around pt ∼5.5 GeV/c.The beauty ontribution is found to be ompatible to FONLL alulations within theunertainties. This is an important feature for the omprehension of the jet quenhingin heavy ion ollisions and in partiular it demonstrates that the jet quenhing puzzle

∗As of Otober 22, 2010.



190 11. Conlusionin heavy ion data, annot be linked to an absene of a large beauty ontribution inp+p data in that transverse momentum (pt) range.Conerning the tehnial part of the urrent work, it is dediated to a new peak�nding method for the Silion Strip Detetor (SSD) inluding the TSpetrum ROOTClass. In partiular the novel method, seeks for lusters in both sides (p and n) of thedetetor without the demand for harge orrelation and is using a di�erent peak �ndermethod than previously. A preliminary result of this new method is that about 40%more signal peaks are found with this method as ompared to the previous one. Thisstudy is performed using data from run Au+Au at √
snn = 200 GeV (run VII). Thenew method an be used to reprodue the already taken data and is of great relevanefor the future Heavy Flavor Traker, in whih the third layer will be the SSD.From the 2009�2010 run of STAR the full TOF detetor installation was ahieved�rst time in STAR and will allow the better partile identi�ation from whih harmand beauty searhes will be bene�ted onsiderably. In addition to this, the futureSTAR Heavy Flavor Traker (HFT) [Bouhet 09℄, urrently under development is go-ing to improve signi�antly the momentum resolution and will lead to a muh betterseondary vertex reonstrution resolution as ompared to the urrent silion detetorof STAR used in the present thesis, whih was not initially oneived and optimizedfor heavy �avor studies.The exellent apabilities of the SSD detetor proven in the present and other STARanalyses [Bouhet 07℄, lead to the inlusion of the silion strip detetor of STAR in thefuture HFT. The future silion traker is oneived espeially in order to perform theappliation of the mirovertexing tehniques for the harm and the beauty identi�a-tion. The new developments ahieved in this thesis, namely the suessful appliationof the mirovertexing tehniques in heavy ion environment, the extration of the D0signal in heavy ion ollisions using suh methods and the developments on a new peak�nder for the SSD detetor, demonstrate that harm and beauty measurements an beperformed in heavy ion ollisions despite the high trak density pushing to the limits ofthe present silion detetor of STAR to suessfully perform physis beyond its initialdesign, and whih are of great relevane for the future HFT detetor.



Chapter 12R�esum�e
12.1 Soup�on de th�eorie de physique des noyauxLes ollisions d'ions lourds ultra-relativistes permettent d'elargir nos onnaissanes surla mati�ere dans des domaines d'�energie et de densit�e tr�es �elev�es. Selon la th�eorie duBig Bang, es onditions ont �et�e elles de l'Univers peu de temps apr�es sa formation,alors que son �age �etait inf�erieur �a 10−5 seonde. Il est tr�es int�eressant de pouvoir�etudier es premiers instants de l'Univers. Les r�eponses �a des questions fondamentalessur l'interation forte, la nature du vide, la brisure de sym�etrie hirale et l'origine demasse pourraient venir de ette reherhe. Elle permet en partiulier de onfronterles r�esultats de la th�eorie atuelle qui d�erit l'interation forte, la ChromodynamiqueQuantique (QCD: Quantum Chromodynamis), ave des observations exp�erimentales.L'interation forte�une des quatres fores fondamentales (f. Tableau 1.1)�est d�eritepar ette th�eorie. C'est une th�eorie de jauge non-ab�elienne, selon laquelle le hampd'un fermion est essentiellement bas�e sur le groupe de sym�etrie de ouleur SU(3). Unnouveau degr�e de libert�e des quarks, la harge de ouleur, a �et�e introduit apr�es lad�eouverte exp�erimentale du baryon ∆++. Ce baryon, �etant ompos�e de 3 quarksup, poss�ede un spin totale de J = 3/2. Comme onsequene la fontion d'onde �etaitsym�etrique. Pour �etablir les lois imposes par la statistique de Fermi-Dira, la fon-tion d'onde doit �etre antisym�etrique. Pour r�eup�erer la propri�et�e d'antisym�etrie dela fontion d'onde de e baryon il a �et�e n�eessaire l'introdution e nouveau degr�e delibert�e, le ouleur. La densit�e lagrangienne de Dira permet de d�erire la dynamiquedes hamps de quarks libres ave l'�equation (1.1). Les termes de ouplages dans e la-grangien permettent les interations entre le quark-gluon et m�eme entre le gluon-gluon.Le dernier ouplage explique le arat�ere non-ab�elien. En e�et, e type d'interationest autoris�e puisque les gluons poss�edent une harge de ouleur. Cette propri�et�e semanifeste par l'existene de ouplages de trois ou quatre gluons. L'interation fortepr�esente une omportement non-lin�eaire d�erite par (1.3) et permet d'expliquer des191



192 12. R�esum�eph�enom�enes tels que le on�nement et la libert�e asymptotique �a ourte distan et leon�nement des quarks �a grande distane. La onstante de ouplage αs de l'interationforte est introduite dans le potentiel entre deux quarks f. (1.3). A nos jours, la valeurde la onstante de ouplage est pr�edite �a partir de sa valeur mesur�ee �a la masse du Z0

αs(MZ) = 0.1183 ± 0.0027 [Bethke 03℄.L'�etude de la QCD �elargit don par et interm�ediaire notre ompr�ehension de lath�eorie dans des onditions de temp�eratures et de densit�es �elev�es. Cependant, on peutdonner les �el�ements qui permettent de supposer l'existene d'un �etat d�eon�n�e de lamati�ere, le plasma de quarks et de gluons (PQG)∗. La libert�e asymptotique a onduit �asupposer l'existene d'un �etat de la mati�ere dans lequel les partons (quarks et gluons)sont d�eon�n�es, 'est �a dire qu'ils peuvent se d�eplaer librement, et �etat est appellele PQG. Comme d�ej�a mentionn�e, la mati�ere nul�eaire dans les onditions habituels(e.g. �a l'interier d'un proton) est on�n�ee�est onstitu�ee de partons (quarks et gluons)restreintes �a l'int�erieur de hadrons�et est arat�eris�ee par une valeur importante de laonstante de ouplage αs. Le libre parours moyen des partons est toujours inf�erieur�a la taille typique d'un hadron (de quelques fm). Dans des onditions extr�emes detemp�erature et de densit�e, la mati�ere hadronique est suseptible de subir une transitionde phase vers un �etat d�eon�n�e. De fait, l'�etude du plasma de quarks et de gluons estli�ee �a l'�etude des ollisions d'ions lourds ultra-relativistes et a fortement motiv�e elles-i. Ces ollisions seraient en e�et le seul moyen permettant de reproduire et d'observeret �etat.Le mod�ele standard englobe la th�eorie d�erivant l'interation forte qui lie les quarksentre eux, la QCD. La QCD tire son nom de l'existene d'une harge de ouleur rouge,verte ou bleue dans haque quark. De la m�eme mani�ere que les harges �eletriquesde signes oppos�es s'attirent, ette harge de ouleur attire les quarks de ouleursdi��erentes. La QCD explique ainsi notamment la formation des hadrons. Ce termed�esigne l'ensemble des partiules qui sont form�ees par des quarks. Deux types dehadrons sont observ�es dans la nature. Les m�esons form�es par un quark li�e �a un anti-quark, un �etat li�e qq̄ et les baryons ompos�es de trois quarks li�es, ependant un �etat
qqq. La QCD traite diretement des quarks et des gluons, les onstituants �el�ementaires,et de leurs interations.L'�etude d'un syst�eme form�e par es omposants �el�ementaires n�eessite l'utilisationde la m�ethode de mehanique statistique. Elle permet de d�e�nir l'�etat marosopiquedu syst�eme sans �etre oblig�e de onna�itre son �etat mirosopique, fait qui est dans laplupart des as di�ile ou impossible �a faire ave la QCD. La desription statistiquemet �a disposition des variables globales telles que le volume V et l'�energie E du syst�emeainsi que ertaines autres quantit�es onserv�ees. Un syst�eme relativiste de quarks et degluons engendre la prodution et l'annihilation onstante de partiules. L'ensemblegrand anonique est don utilis�e pour la d�esription du syst�eme, en permettant au

∗ou bien Quark Gluon Plasma (QGP) en anglais.



12.1 Soup�on de th�eorie de physique des noyaux 193nombre de partiules de varier. Les param�etres de ontr�ole sont alors le volume V ,la temp�erature T et le potentiel himique µ. Ce dernier repr�esente l'�energie qu'il fautapporter au syst�eme pour lui ajouter une partiule. L'ensemble des �etats de la mati�erepeut d�esormais �etre r�epertori�e gr�ae �a un diagramme de phases (T, µ). Ce diagrammede phase (f. Figure 1.3) d�e�nit les di��erentes phases de la mati�ere et les transitions,de mani�ere analogue au diagramme de phases de l'eau, qui donne ses trois phases:notamment la solide, la liquide et la gazeuse en fontion de la temp�erature (T ) et dela pression (P ). L'�evolution de l'Univers peut �etre retra�ee �a partir de ses premiersinstants, o�u la temp�erature �etait tr�es sup�erieure �a Tc et o�u le potentiel himique �etaitassez faible. Durant son refroidissement, l'Univers serait sorti de la phase de QGPpar une transition ontinue. Les noyaux des atomes, �nalement form�es, ont ensuiteregroup�e la mati�ere nul�eaire (nul�eosynth�ese). En dehors de ette mati�ere nul�eaire,pour des temp�eratures assez faibles et pour des potentiels himiques sup�erieurs �a ladensit�e nul�eaire, la mati�ere atteindrait un �etat de qui on roit d'exister dans les �etoiles�a neutrons.12.1.1 Le plasma des Quarks et des GluonsNous somme on�entres sur la phase de plasma de quarks et de gluons. Dans ettephase, les quarks et les anti-quarks ne sont plus on�n�es �a l'int�erieur de hadrons. Ilsaqui�erent la possibilit�e de se d�eplaer au sein d'un hamp de gluons sur des distanesd�elimit�ees par la taille du syst�eme. Ce d�eon�nement des quarks aurait lieu dans lesonditions (T, µ) d�elimit�ees. Les partons ontenus dans le syst�eme doivent subir denombreuses interations mutuelles. Le plasma de quarks et de gluons est ainsi suppos�e�etre en �equilibre thermodynamique, au moins loal, justi�ant la desription statistiquedu syst�eme.Au moment de la transition de phase hadronique vers le plasma de quarks et degluons, le nombre de degr�es de libert�e du syst�eme hange onsid�erablement. Dans lem�eme diagramme, la phase hadronique est situe vers la region T → 0). La lib�erationdu nombre de degr�es de libert�e du milieu onduit �a une variation soudaine de sesarat�eristiques thermodynamiques. La pression (P ) et l'entropie (S) du syst�eme aug-mentent ave la temp�erature. Comme onsequene, lorsque la temp�erature s'approhedu point ritique Tc une augmentation soudaine et importante (1.4) de la densit�ed'�energie ε doit avoir lieu. Dans la Figure 1.4, 'est d�emontre l'�evolution de la densit�ed'�energie ε du syst�eme en fontion de la temp�erature �a potentiel himique baryonique
µB = 0. Ce dernier diagramme est obtenue par les aluls de la LQCD (lattie QCD).Sur ette �gure il y a trois senarios di��erents (en fontion du nombre de saveurs: 0,2et 3 saveurs) pour le PQG. Nous onstatons, qu'autour de Tc, la densit�e d'�energie sousforme ε

T 4
augmente d'un ordre de grandeur en temp�erature. D'apr�es les aluls surr�eseau (LQCD) �a potentiel himique baryonique nul et pour 2 saveurs de quarks l�egers



194 12. R�esum�e
(u et d) il �et�e prevu que la transition de phase a lieu pour une temp�erature ritiquede Tc ≃ 173 MeV et pour une densit�e ritique de 0.7 GeV/fm3. Pour une temp�erature
T sup�erieure �a la temp�erature ritique T ≥ Tc de d�eon�nement, le potentiel inter-quarks est modi��e par la pr�esene de la mati�ere d�eon�n�ee qui porte les harges deouleur. La harge de ouleur de es partons libres s'interpose entre les deux quarkset agit omme un �eran. Par ons�equent, le potentiel d'interation entre les quarksest att�enu�e, 'est l'�erantage de ouleur. Les aluls obtenus par la LQCD ont permisd'�etablir le diagramme de phase de la mati�ere hadronique pour lequel les param�etresde ontr�ole utilis�es sont la temp�erature T et le potentiel himique baryonique µB.Le diagramme de phaseL'origine du diagramme de phase o�u la temp�erature et le potentiel himique baryoniquesont nuls repr�esente le vide de la QCD. En hangeant les param�etres de ontr�ole lamati�ere nul�eaire passe par les di��erentes phases d�erites i-dessous. A basse temp�eratureet �a bas potentiel himique baryonique la mati�ere nul�eaire peut �etre d�erite par un gazde hadrons. Dans ette phase les partons sont emprisonn�es sous forme de hadrons�des�etats li�es des quarks et des gluons. Cette mati�ere est une phase isolante de ouleur arun hadron est toujours neutre du point de vue de l'interation forte. Autrement dit, lasomme des ouleurs de tous les quarks ontenus dans le hadron est nul (ouleur blan).Pendant les ollisions d'ions lourds ultra-relativistes ils sont produits un grandnombre de partiules. Leurs multipliit�es, leurs spetres en impulsion et les distri-butions angulaires de es partiules sont le r�esultat d'une onvolution de ph�enom�enesextr�emement di�iles �a �etre dissoier. Pour ette raison, la d�emarhe exp�erimentaleonsiste �a la omparaison des r�esultats obtenus par les ollisions d'ions lourds ave euxd'autres types de r�eations. En partiulier les ollisions entre protons p+p et entre unproton et un ion lourd (p+A) peuvent onstituer de bonnes r�ef�erenes pour les olli-sions d'ions lourds (A+A). Elles reproduisent une partie des onditions et m�eanismesinh�erents aux ollisions A+A. Dans les ollisions p+p ou bien p+A il est tr`es peuprobable qu'un plasma de quarks et de gluons y soit r�e�e.Selon le s�enario d'�evolution de Bjorken (f. Setion 1.7), une ollision d'ions lourdspeut �etre illustr�ee par une suession de phases dans un diagramme espae-temps(t, z), demontre �a la Figure 1.5. Les di��erentes �etapes de l'expansion du syst�emesont repr�esent�ees par des hyperboles de temps propre f(t, z) =

√
t2 − z2 . A τ < 0les noyaux sont a�el�er�es �a une vitesse prohe �a la vitesse de la lumi�ere. Les deuxnoyaux inidents prennent la forme de disques�dans le plan perpedinuaire �a la di-retion du boost�en raison de la ontration de Lorentz. Juste apr�es la ollision, unephase de pr�e-�equilibre durant environ τ0 = 1 fm/c est form�ee. Dans ette phase lesmultiples ollisions in�elastiques entre les nul�eons de haque noyau onduisent �a uneaugmentation en termes de temp�erature. Les partons du milieu interagissent fortement



12.1 Soup�on de th�eorie de physique des noyaux 195et don les proessus d'interation peuvent �etre d�erits par la QCD perturbative†. Lesquarks lourds, ainsi les jets et les photons sont r�ees pendant ette phase. Si la den-sit�e d'�energie est sup�erieure �a la densit�e d'�energie ritique εc, le syst�eme �evolue versun milieu o�u les quarks et les gluons sont d�eon�n�es. Si les onditions extr�emes sontmaintenues pendant su�samment longtemps, un �equilibre thermodynamique est alorsatteinte et le syst�eme se thermalise pour entrer dans une phase de PQG. Notons, quela phase de thermalisation n'est pas bien omprise dans le adre de la QCD. La dur�eede vie du PQG, qui d�epend essentiellement de la densit�e d'�energie initiale et ne devraitpas ex�eder quelques fmc. Au-del�a, le syst�eme se refroidit �a ause de son expansionlongitudinale de nature hydrodynamique. Progressivement, les quarks et les gluonssont reon�n�es �a l'int�erieur des hadrons.En se refroidissant, le syst�eme subit une transition de phase �a temperature ritique
T = Tc. Apr�es un ertain temps, puisque tous les degr�es de libert�e partoniques ont �et�eon�n�es, le plasma dispara�it ompl�etement pour donner plae �a une phase purementhadronique. Le syst�eme se refroidie et �evolue omme un gaz de hadrons libres danslequel deux �etapes sont bien distingues. Dans la premi�ere, appel�ee le gel himique(hemial freeze-out), la densit�e d'�energie du syst�eme est trop petite pour permettre lar�eation de partiules via des hos in�elastiques. La omposition himique du milieu estalors �x�ee. L'expansion et le refroidissement du syst�eme se poursuivent jusqu'�a attein-dre la deuxi�eme �etape, nomm�ee le gel in�etique (kineti freeze-out). Dans ette phaseles ollisions �elastique essent et par ons�equent les propri�et�es in�ematiques des hadronssont demontres. En partiulier les spetres en impulsion sont �x�ees. Les hadrons sontd�etet�ees par les produits de leurs d�esint�egrations. Le temps arat�eristique de laformation du gel himique et in�etique est un point disutable. Deux as sont en-visag�es. Le gel himique et in�etique se produisent �a deux instants distints τhem et
τin ou es deux instants sont m�elanges. Les observables globales (viz. la multipliit�e,l'�energie transverse �a midrapidit�e), permettent d'obtenir l'information sur la forma-tion et l'expansion de la ollision (le param�etre d'impat, le plan de la r�eation, ladensit�e d'�energie initiale, et. ). Ces observables peuvent fournir des indiations utilesonernant la possibillite pour la r�eation du PQG.Les signatures du PQGLes analyses onernant l'analyse du QGP sont premi�erement foalis�ees sur des ob-servables sensibles �a la phase de plasma de quarks et de gluons et robustes. Envisag�eesdepuis le d�ebut des analyses de ollisions d'ions lourds de hautes �energies, es sig-natures devraient marquer la transition observ�ee dans les pr�editions de la LQCD.M�eme le volume et le temps de vie de l'existene de QGP sont a priori petits. Lediam�etre de la zone de prodution de mati�ere ne serait que de ∼ fm et la dur�ee de vie

†la QCD perturbative fontionne bien dans la r�egime des hautes �energies. En revanhe, dans lesbasses �energies ette m�ethode numerique esse d'�etre appliable.



196 12. R�esum�ede l'�etat d�eon�n�e de l'ordre d'une dizaine de ∼ fm/c. La d�etermination des signa-tures qui laissent des traes signi�atives est une t�ahe assez importante. Une ertaineliste�non-exhaustive�onernant les signatures ont �et�e propos�ees. Elles peuvent �etrelass�ees selon les trois types suivants.i. La prodution hadronique. Dans e adre, on peut mentioner l'augmentation de laprodution de partiules �etranges qui �etait une des premi�eres signatures, propos�eepar J. Rafelski and B. M�uller en 1982 [Rafelski 82℄. Selon ette th�eorie, une phasede QGP failite notamment l'augmentarion de la prodution d'�etranget�e. Cetteprodution est favoris�ee par les proessus qq̄ → ss̄ et gg → ss̄. Le seuil en �energiepour la reation du pair ss̄ est 300 MeV, environ la masse de deux quarks. Lar�eation d'un plasma de quarks et de gluons dans les ollisions d'ions lourds ultra-relativistes pourrait don se traduire par des taux de prodution des partiules�etranges omparativement sup�erieurs aux r�esultats obtenus pendant les ollisionsde type p+A (mati�ere nul�eaire froide) ou bien p+p, aupr�es lequelles le QGP nesemble pas d'�etre forme.ii. Le d�eon�nement de ouleur. La pr�esene de harges olores onstitue une pro-pri�et�e importante d'une phase de plasma de quarks et de gluons. Cette pr�esener�ee des ons�equenes mesurables sur les partiules �energetiques qui traverserentle mileu dense et haud, autrement dit le QGP. Il a �et�e pr�edit en partiulier queles quarkonia et les partiules de haute impulsion transverse seraient supprim�eeslorsqu'ils traverseraient une phase d�eon�n�ee. Cette phenomene peut �etre expliquepar la diminution du potentiel entre les quarks des quarkonia et d'autre part laperte d'�energie par la radiation de gluons (gluon bremsstrahlung).iii. Les signatures �eletromagn�etiques. Finalement, des r�eations omme la qq̄ → γget la gg → γq peuvent �etre onsid�er�es omme des signatures. L'int�er�et de esobservables r�eside dans le fait qu'elles ne sont pas sensibles aux interations fortes.Elles interagissent tr�es peu ave les omposants du gaz hadronique et ne sont donpas modi��ees par les �etapes qui su�ederaient la formation du QGP. Par exempleles paires de dileptons qq̄ → ll̄ onstituent une bonne sonde �eletromagn�etique.Les partons de hautes �energies doivent rayonner des gluons lorsqu'ils traversentun milieu ontenant des harges de ouleur. Cette perte d'�energie partonique estd�ependante de la densit�e de harges olor�ees et serait don partiuli�erement e�e-tive �a l'int�erieur d'une phase de plasma de quarks et de gluons. Pour ette raison,la perte d'�energie des partiules de haute pt a �et�e onsid�er�ee omme une sonde tr�esint�eressante de la mati�ere produite durant les ollisions d'ions lourds ultra-relativistes.Les partons des partiules de haute pt sont r�ees pendant les proessus durs. Parla suite ils peuvent, omme le J/ψ, subir la phase de QGP. Leurs observation passepar l'interm�ediaire des distributions azimutales des partiules�dont on va parler dans



12.2 Notions exp�erimentales 197les paragraphes suivantes�de hautes pt et des distributions des partiules en fontionde leur impulsion transverse. Pour pouvoir r�ev�eler les e�ets nul�eaires, es derni�eresdoivent �etre normalis�ees par les r�esultats obtenues dans les ollisions p+p. Cette man-ifestation peut �etre exprim�ee par le fateur Raa (appelle Nulear Modi�ation Fator)et qui est exprime par (1.5). A e point, on ajoute que si l'e�et nul�eaire �etait absent,ette variable (Raa) serait onstante et �egale �a l'unite.Pour les ollisions Au+Au, il �etait observe que e fateur est Raa ≤ 1 et seradiminu�ee ave l'impulsion transverse �a partir de pt ∼ 2.5 GeV/c. Le dernier as estdemontre sur la Figure 1.9. Ces valeurs, mesur�ees dans les ollisions d'ions lourdsultra-relativistes, seraient en aord ave la perte d'�energie des partons dans le QGP.N�eanmoins, il a �et�e pr�edit que les onditions initiales des ollisions, notamment lasaturation des gluons dans les noyaux inidents, pouvaient �egalement expliquer le om-portement Raa ≤ 1 �a haute pt.Les ollisions d+Au peuvent reproduire en e�et les m�emes onditions initiales queles ollisions Au+Au mais ne devraient pas favoriser la r�eation d'un QGP. Le mod�elede saturation pr�edit don que Raa < 1 �egalement pour les ollisions d+Au, e qui esten ontradition ave les donn�ees exp�erimentales. Celles-i indiquent que le Raa > 1est situ�e entre la region 2 < pt < 7 GeV/c pour les ollisions d+Au. C'est une premi�erehypoth�ese de la perte d'�energie des partons dans le milieu. En plus, l'impulsion trans-verse de es partiules est situ�ee dans l'intervalle 4 < pt < 6 GeV/c. Les distributionssont orrig�ees en prenant sous ompte l'e�ait�e du d�eteteur.Finalement onernant l'�etude des orrelations azimutales, l'analyse des syst�emesp+p et d+Au met en �evidene dans le adre un omportement quasiment similaire.Deux pis sont distintement pla�es autour de ∆φ = 0
◦ et de ∆φ = 180

◦ et signentrespetivement la d�etetion des jets et des paires de jets (appelles di-jets). Au ontraire,les r�esultats obtenus dans les ollisions Au+Au pr�esentent une absene totale de pidans la region autour de ∆φ = 180
◦ pour e syst�eme [Adams 03℄. Ce dernier as estmontre dans la Figure 1.6 et peut �etre explique par la formation d'un milieu qui estr�ee et pr�esent uniquement dans l'�etat �nal des ollisions d'ions lourds ultra-relativisteset qui supprime syst�ematiquement les partons des di-jets qui le traversent.12.2 Notions exp�erimentalesDans les lignes suivantes, on va mentioner la partie exp�erimentalle apr�es lequelle etteth�ese a �et�e e�etu�e. On ommene par la desription generale du ollisioneur RHIC,en ommenant par la desription de l'exp�eriene STAR�et les syst�emes de sous-d�eteteurs qu'on a exploite pour notre analyse. Finalement on va souligner l'importanedu d�eteteur SSD sur l'am�elioration de la trajetographie en inluant des points dud�eteteur pour haque trae et on va passer �a la desription du partie des m�ethodesutilis�ees.



198 12. R�esum�eLes quatres exp�erienes qui se trouvent autour du ollisionneur RHIC (RelativistiHeavy Ion Collider) ont obtenu de nouveaux r�esultats qui apportent d'autres india-tions sur la formation du QGP. C'�etait aupres de e ollisionneur que la suppression despartiules de hauts pt dans la phase �nale des ollisions d'ions lourds ultra-relativistesa �et�e observ�ee pour la premi�ere fois.L'exp�eriene STAR est situe dans la ville d'Upton (�a l'�etat de New York, �Etats-Unis)au laboratoire BNL (Brookhaven National Laboratory) aupr�es du ollisionneur RHIC(Relativisti Heavy Ion Collider. D'abord on pr�esente une desription du ollisioneur.RHIC est apable d'a�el�erer des ions allant du proton (p) jusqu'�a l'or (Au). Constitu�ede deux a�el�erateurs ryog�eniques ind�ependants de 3.8 km de ironf�erene, il peutaussi r�eer des ollisions asym�etriques, ave deux esp�ees d'ions di��erentes dans lesdeux anneaux (e.g. d+Au). Le ollisioneur RHIC permet aussi d�a�el�erer des protonsjusqu'�a une impulsion de 250 GeV/c pour haque faiseau. Pour les noyaux les pluslourds, ette impulsion est r�eduite par le fateur Z/A (2.5 pour le as de Au), eionduit �a une �energie de 200 GeV par ollision nul�eon-nul�eon. Cette �energie estenviron 10 fois sup�erieure �a elle obtenue au SPS (Super Proton Synhrotron �a CERN)dans le entre de masse (f. Tableau A.1). Le ollisionneur ontient deux tubes �ote �a�ote qui permettent la irulation du faiseau dans les deux sens oppos�es (la ouleurbleue est attribu�ee au sens horaire alors que le sens anti-horaire est appell�e jaune).Chaque tube se trouve sous vide o�u passe le faiseau et un aimant supra-onduteurfontionnant �a temperature 4.2K [Harrison 03℄ et sert omme dip�oles. Les aimantspossedent le syst�eme de refroidissement qui ontient d'h�elium liquide. L'aelerationdu faiseau est faite progressivement. Les ions sont d'abord injet�es en provenane de laligne ATR (AGS‡ to RHIC ) sous la forme de paquets. Un syst�eme d'aimants permet dehoisir dans quel sens le paquet est injet�e en bout de la ligne ATR. L'anneau du RHICest rempli sur toute sa ironf�erene lorsqu'un maximum de 56 paquets irule danshaque sens. La phase d'a�el�eration utilise ensuite le prinipe du synhrotron et dureenviron une demi heure. Les ollisions sont �nalement possibles aux roisements desfaiseaux (plut�ot des bunhes) �a six endroits di��erents. Parmi eux, les deux sont utilisespour la manipulation du faiseau, et dans les quatres endroits ils existent les quatreexp�erienes, notamment PHENIX, PHOBOS, BRAHMS et STAR. Sur la Figure 2.1,un dessin inluant es quatres exp�erienes autour du ollisionneur RHIC est pr�esent�ee.Ensuite on va passer �a la desription synoptique des es quatres exp�erienes.Conernant l'exp�eriene PHOBOS§, qui a pris son nom par une de deux lunes duplan�ete Mars, a des objetifs la mesure des spetres de partiules identi��ees et lesorr�elations entre eux. La arat�erisation des ollisions est �egalement e�etu�ee �a partird'un d�eteteur de multipliit�e (le ZDC, Zero Degree Calorimeter) qui sont pareils �a
‡Alternate Gradient Synhrotron
§Initialement la proposition sur l'appellation de ette ollaboration �etait MARS: Modular Arrayfor RHIC spetrosopy, mais le nom a �et�e bient�ot rejet�e.



12.2 Notions exp�erimentales 199eux que l'exp�eriene STAR utilise. Les partiules harg�ees sont mesur�ees et identi��eesdans le region de rapidit�e 0 < y < 1.5 et l'intervalle en impulsion transverse est situeentre les valeurs 15 < pt < 600 MeV/c pour les pions et entre 45 < pt < 1200 MeV/cpour les protons. L'ex�eriene permet d'e�etuer l�etude les rapports de partiules, lesspetres en impulsion transverse, la prodution d'�etranget�e et les orr�elations entre lespartiules, ainsi que la mesure du �ot [Bak 03℄. Les deux spetrom�etres magn�etiquesainsi d�evoil�es sont ompos�es haun de 5 ouhes de siliium �a pixels et de 6 ouhesde siliium �a pistes. Ils permettent la trajetographie et les mesures d'impulsion. Dansla Figure 2.2, une desription de l'exp�eriene est montr�ee. A partir de l'ann�ee 2005, laollaboration a termine son d�eroulement des mesures.La ollaboration BRAHMS (BRoad RAnge Hadron Magneti Spetrometers) a pourbut de mesurer de mani�ere syst�ematique les taux de prodution de partiules (e.g. p±, K±et π±). Pour atteindre e but, BRAHMS utilise le dispositif exp�erimental montre dansla Figure 2.3. Les deux spetrom�etres magn�etiques de hautes r�esolutions sont installes.M�eme s'ils possedent des petits angles solides, ils peuvent �etre dispos�es suivant desangles variables dans le plan horizontal. En ombinant es deux spetrom�etres, la ou-verture en pseudorapidit�e est alors 0 < η < 4 (l'aeptane angulaire est de 2�90
◦). Ene qui onerne l'identi�ation des partiules, elle est atteinte gr�ae �a la ombinaisondes d�eteteurs de temps de vol (TOF ) et des d�eteteurs Cherenkov. La d�eterminationdes impulsions et la trajetographie sont assur�ees par les hambres �a projetion tem-porelle (TPC) assoi�ees aux di��erents aimants. La TPC sont onstruit selon de dessinstandard ave une region de d�erive de 21.8 cm et un hamp �eletrique de 229 V/cm quiest rempli par un m�elange gazeux de Ar/CO2, (en proportion 90:10). Cette exp�erieneutilise les memes �eletroniques de leture que STAR (les FEE,front-end-eletronis ).Finalement, les hambres de d�erive sont onstruit en x, y plans �a hambre �a �ls enutilisant le m�elange Ar/C4H10 (67 : 33) ave une hambre 9 ◦C alool bubbler.L'exp�eriene PHENIX (Pioneering High Energy Nulear Interation eXperiment)est orient�ee vers la mesure des paires de probes �eletromagn�etiques, notamment lesdi-�eletrons, les di-muons, mais ainsi que des photons et des hadrons [Adox 03℄.Cette exp�eriene est sensible aux proessus de faibles setions e�aes tels que laprodution de J/ψ ou la prodution de partiules �a hautes impulsions transverses.L'exp�eriene permet de plus un taux de d�elenhement �elev�e pour les di��erents typesde ollisions. L'aimant entral induit un hamp magn�etique dont l'axe est parall�ele�a elui du faiseau. Le syst�eme d'aquisition possede une vitesse d'enregistrementtr�es elev�ee: 10 kHz. Les hambres de trajetographie et les d�eteteurs utilis�es pourl'identi�ation des �eletrons, muons, photons et hadrons sont install�es en dehors duhamp magn�etique. L'installation inlue deux bras �a mi-rapidit�e ayant haun uneaeptane de 1 steradian pour la mesure des di-�eletrons. Une image du det�eteur enpro�l et en z est montr�ee dans la Figure 2.4. A propos des buts exp�erimentaux, les pho-tons et hadrons peuvent �egalement y �etre mesur�es ave des aeptanes respetives de



200 12. R�esum�e2 et 0.36 st�eradian. Ces bras sont �equip�es d'un d�eteteur �a anneaux Cherenkov, d'unehambre �a projetion temporelle pour les mesures de perte d'�energie, d'un d�eteteur �atemps de vol et d'un alorim�etre �eletromagn�etique. Des spetrom�etres �a muons sontpla�es �a rapidit�e �elev�ee (1.1 < |η| < 2.2) de haque ot�e du dispositif. Ces bras peuventreonstruire la d�esintegration du J/ψ dans le anal J/ψ → µ+µ−. Les bras dimuonssont install�es dans un hamp magn�etique perpedinulaire �a l'axe du faiseau (axe z).En�n un d�eteteur de vertex au siliium et deux ompteurs du faiseau en o��nidene(BBC, Beam-Beam Counter) sont pla�es autour du point d'interation. Le d�eteteurde vertex ouvre une r�egion en pseudo-rapidit�e de |η| < 2.7 [Adox 03, Franz 08℄. Lamesure du harme ouvert (D0) ontribuer aux mesures sur le harmonium. En plus lamesure du meson φ peut �etre e�etu�ee dans les deux anaux hadronique et leptonique.Elle peut indiquer des �eventuels hangements en masse (en e qui onerne la largeur).La prodution de photons direts sera �egalement d'etermin'ee gr�ae aux alorim�etres�eletromagn�etiques omposes de PbS (Plomb-Siliium) et PbGl (Plomb-verre). Ellepermettra peut �etre d'observer la radiation de photons qui suivent une phase de PQG.Finalement PHENIX peut aussi �etudier des observables telles que l'impulsion trans-verse moyenne des hadrons ou la prodution de l'�etranget�e dans le syst�eme.Notre th�ese apporte sur le travail e�etu�e sur les donn�ees fournis par l'exp�erieneSTAR. Dans les lignes suivantes, on va pr�esenter une desription des sous-syst�emesqui appartient au STAR et on va insister �a la desription du d�eteteur en siliium,notamment le SSD (Silion Strip Detetor) et son utilisation sur l'analyse e�etu�ee.Le d�eteteur STAR (Solenoidal Traker at RHIC ), permet notamment de d�eteterla plupart des partiules harg�ees qui sont �emises par une ollision sur une large fen�etreen pseudo-rapidit�e (|η| < 4) et ave une aeptane azimutale ompl�et�ee (∆φ = 2π).Le d�eteteur permet ainsi d'e�etuer l'�etude des ollisions �a travers l'analyse des tauxde prodution et spetres en impulsion des π,K et p ainsi des partiules �etranges etharm�ees, et des r�esonanes. La mesure du �ot des di��erentes genres de partiuleset l'�etude des orr�elations entre les partiules identiques ou deviennent faisables. Cesanalyses sont e�etu�es gr�ae au d�eteteur entral qui est onstitu�e par la hambre �aprojetion temporelle. L'exp�eriene STAR est pla�e dans un hamp magn�etique de
0.5 T parall�ele �a l'axe du faiseau (l'axe z). Une desription graphique de l'ensembledu det�eteur est montr�ee sur la Figure 2.5.12.2.1 La hambre �a projetion temporelleLe sous-syst�eme du d�eteteur prinipal dans l'exp�eriene STAR est la hambre �a proje-tion temporelle (TPC, Time Projetion Chamber). Cette hambre ouvre le domaineen pseudo-rapidit�e de |η| < 1.8 et est apable de reonstruire les trajetoires des par-tiules harg�ees dont l'impulsion est sup�erieure �a 150 MeV/c. La d�etermination del'impulsion (

σp
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= 2%) assoi�ee �a la mesure de la perte d'�energie ( σdE/dx
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= 8%)�par



12.2 Notions exp�erimentales 201l'e�et d'ionisation d'atomes du gaz�permet de distinguer les pions des kaons pour desimpulsions inf�erieures �a 300 MeV/c et es derniers des protons jusqu'�a 1 GeV/c. Salongueur suivant l'axe du faiseau est de 166 cm, et les rayons internes et externes sontde 60 et 230 cm respetivement. Ave e volume, une partiule e�etuant une travers�eeompl�et�ee de la TPC est mesur�ee en maximum de 45 points. Pour prolonger la ouver-ture de la reonstrution de partiules harg�ees dans la region de la rapidit�e frontale(forward rapidity), des hambres �a projetion temporelle �a l'avant (Forward TPC's)sont pla�ees. Il s'agit de deux d�eteteurs pareil �a la TPC mais en mirographie quisont situ�ees de part et d'autre du point d'interation dans les �ones qui supportentle trajetographe interne. Leur aeptane en pseudo-rapidit�e est omprise entre laregion 2.5 < |η| < 4. La seule di�erene ave la TPC est que la vitesse de la deriv�e des�eletrons primaires est perpendiulaire au hamp magnetique. L'ensemble de la TPCpeut �etre onsid�er�e omme deux hambres �a d�erive aol�ees, o�u les �eletrons primairesmigrent vers les extr�emit�es. Le disque entral est une �ne membrane en apton alumin�equi s�epare la TPC en deux parties. Cette membrane est d'�epaisseur de 70µm et estport�ee �a un potentiel d'environ 28 kV. Les extr�emit�es de la TPC restent �a 0 V. Unes�erie d'anneaux onduteurs de 10 mm de largeur et espa�es de 1.5 mm sont de pluspla�es sur les membranes interne et externe au long de leur longueur. Ils sont reli�esentre eux en s�erie par des r�esistanes (la valeur est environ des quelques MΩ) formentainsi une age �eletrique enveloppant la TPC. La membrane entrale est �x�ee �a l'anneauentral de la membrane externe et est onnet�ee �eletriquement �a elui de la membraneinterne. De ette fa�on, un hamp �eletrique uniforme est r�e�e �a partir de la membraneentrale vers les extr�emit�es. Il est d�elimit�e par les deux grilles �eletriques interne etexterne. Une valeur onstante d'environ de 135 V/cm permet ainsi la migration des�eletrons dans haque moiti�e de la TPC vers l'extr�emit�e orrespondante [Anderson 03℄.La d�etetion des �eletrons primaires est ensuite assur�ee aux extr�emit�es de la TPC pardes hambres proportionnelles multi-�ls. Ces MWPC (MultiWire Proportional Cham-bers) sont organis�ees en 12 modules identiques, dispos�ees sur une roue en aluminiumomme les 12 seteurs (f. Figure 2.18). Au dessus de haque module trois plans de�ls faisant fae au volume de la TPC sont situes en position parall�ele entre eux. Les�eletrons traversent suessivement es trois plans pendant leurs trajet. Le premier plande �ls travers�e, appel�e la gated grid, est une porte qui permet le passage aux �eletronsprimaires. En e�et le trajet de es �eletrons sur une moiti�e de la TPC dure quelquesdizaines de µs et laisse le temps n�eessaire au syst�eme de d�elenhement (trigger system) d'aepter ou de rejeter et �ev�enement. Ainsi lorsqu'une ollision satisfait les rit�eresdu syst�eme de d�elenhement, ette gated grid laisse passer les �eletrons ar son poten-tiel est �x�e �a elui de la age �eletrique �a et endroit, typiquement de ∼ 110 V. Dansle as ontraire, la tension sur ette grille alterne de ±75 V de sa valeur nominale etbloque les �eletrons, en emp�ehant la leture dans la TPC (pour �eviter l'enregistrementdu bruit dans le d�eteteur). Le seond plan de �ls travers�e, s'appele shield grid, et le



202 12. R�esum�etroisi�eme plan, s'appele anode grid. En plus, un potentiel ave la valeur de 1200 V estappliqu�e �a la shield grid (la athode) alors que l'anode grid est �a 0 V. A partir dumoment ou les �eletrons traversent la shield grid sont subits �a une a�el�eration versl'anode gr�ae au hamp �eletrique. Cette a�el�eration est responsable pour la r�eationdu ph�enom�ene d'avalanhe. Comme onsequene, le nombre d'�eletrons est multipli�epar un fateur entre 1000�3000 entre es deux plans de �ls. Ce sont alors prinipale-ment des �eletrons�seondaires�r�e'es par l'avalanhe, qui arrivent vers l'anode (enayant omme but l'ampli�ation du signal). La ollete du signal est e�etu�ee par laleture apaitive des ellules �el�ementaires de d�etetion, appelles les pads, dispos�ees�a la surfae du iruit imprim�e pla�e juste apr�es l'anode grid. Lors de la ollete des�eletrons seondaires, la position des harges inidentes dans le plan tranverse (x, y) duseteur est alul�ee �a partir du signal des pads. L'emplaement de la olonne d�eterminela premi�ere oordonn�ee et la seonde oordonn�ee est alul�ee �a partir du pad o�u le signalest le plus important et de ses deux pads voisins. La distribution du signal est ajust�eepar une fontion gaussienne entralis�e sur es trois pads. Cette on�guration permetune meilleure pr�eision dans l'axe des olonnes de pads. La TPC permet pas seulementla d�etermination des oordonn�ees des traes qui le traversent, mais aussi la mesure del'impulsion en prennant sous ompte la ourbure de haque trae (f. Annexe D.1).En plus e d�eteteur permet l'identi�ation des partiules en exploitant l'informationde la perte d'�energie�indisponsable pour notre �etude. La r�esolution de la TPC per-met une mesure plus preise du rayon de ourbure des traes. Cela am�eliore ainsi lad�etermination de l'impulsion transverse, notamment dans les as o�u les trajetoires destraes tendent �a �etre �etroits �a ause de leurs impulsion �elev�ee.Un module de la TPC est en fait divis�e en deux sous-seteurs interne et externe(f. Figure 2.18). La di��erene entre es deux parties est li�e �a la densit�e de modulesde leture. En e�et, m�eme la disposition ainsi la taille des pads sur la surfae duseteur. Tout en ontribuant globalement aux deux t�ahes, es deux parties d'unseteur se sp�eialisent s�epar�ement dans la d�etetion de la trajetoire d'une partiuleet dans la mesure de sa perte d'�energie. Ave ses pads plus petits, le sous-seteurinterne permet de mesurer plus pr�eis�ement la position des harges, notamment surl'axe perpendiulaire au rayon de la TPC. Dans la mesure o�u la densit�e de traesest plus importante vers le point d'interation, ette disposition permet d'optimiserla r�esolution �a deux traes du d�eteteur. Un autre avantage est l'am�elioration de lad�etetion de partiules ayant une impulsion transverse faible qui ont don un rayon deourbure important.Les seteurs de la TPC donnent les oordonn�ees des partiules harg�ees unique-ment dans le plan transverse (x, y). Pour obtenir la troisi�eme oordonn�ee spatiale(z) la onnaissane du temps de d�erive des �eletrons est neessaire �a intervalles detemps r�eguliers�et aussi d'ou vient l'appelation (temporelle). Plus partiulierement,les �eletrons primaires arrivant au fur et �a mesure aux MWPC repr�esentent l'ionisation



12.2 Notions exp�erimentales 203qui a eu lieu de plus en plus loin dans le volume de la TPC, et jusqu'�a la membraneentrale. A partir du moment o�u les gated grid ont �et�e ouvertes par le syst�eme ded�elenhement, la leture des seteurs �a haque intervalle de temps repr�esente donl'ionisation sur une petite tranhe du volume de la TPC. Chaque tranhe se projettesuessivement sur les seteurs ave une vitesse �egale �a la vitesse de d�erive (d'o�u vientl'appelation de hambre �a projetion temporelle). La disr�etisation du temps a �et�e faiteen fontion de la dispersion temporelle d'arriv�eee des harges partant d'un point de laTPC. Celle-i est maximale et vaut environ 320 ns pour des harges traversant toute lalongueur de d�erive. La fr�equene d'�ehantillonnage de l'�eletronique de leture est de
9.4 MHz et le temps de mise en forme du signal par les pr�e-ampli�ateurs onnet�es �ahaque pads est de quelques nsLe alul de la oordonn�ee des points onernant la omposante spaiale z du fais-eau est e�etu�e en e�etuant la division entre la di��erene de temps d'arriv�ee entreette tranhe et la derni�ere tranhe par la vitesse de d�erive des �eletrons primaires.Cette vitesse est de l'ordre de 5.45 cm/µs et doit �etre mesur�ee ave une tr�es grandepreision au d�ebut d'une prise de donn�ees et au moins une fois haque deux-trois heures(trois fois environ par shift). La valeur de ette vitesse est suseptible �a une grandevariation �a ause des onditions derites i-dessous.i. Variation de la vitesse de derive �a ause de fateurs enviromentalles: temperature,pressure atmospherique. variation du hamp �eletrique;ii. d�esalignement du d�etetor dans un hamp magnetique;iii. Inhomog�en�eit�es onernant la omposante radiale du hampmagnetique et �eletrique;iv. du harge aumul�ee (spae harge) �a ause de la multipliit�e elev�ee, surtout dansdes ollisions Au+Au; etv. l'inlinaison d'�extremite (endap displaement) du d�eteteur.Dans le adre de la mesure de la vitesse de derive, un syst�eme de lasers¶ a �et�einstalle a l'interieur de la TPC [Abele 03℄, �emettent en diretion de petites ibles enaluminium, oll�ees �a la membrane entrale. Des �eletrons sont alors arrah�es des ibleset vont d�eriver dans le P10 ‖ sur toute la longueur de la hambre �a d�erive. Cettelongueur divis�ee par le temps d'arriv�ee de es �eletrons donne ave pr�eision la vitessede d�erive. La r�esolution est s�epar�ee suivant di��erentes valeurs du hamps magn�etique,selon les seteurs internes et externes et si la d�erive des �eletrons seondaires a �et�elongue ou ourte.

¶Y3Al5O12: neodymium-doped yttrium aluminium garnet Nd ave la longeur d'onde de λ =
266 nm.

‖Un m�elange gazeux de Ar et de CH4 en proportion 90 : 10.



204 12. R�esum�e12.2.2 La alorim�etrie du STARUne autre partie qui onerne notre analyse, est la alorim�etrie du STAR, les deuxd�eteteurs prinipaux sont les EMC (Eletromagneti Calorimeter) et le BEMC (Bar-rel EMC ). Le BEMC est apable d'identi�er les �eletrons et de distinguer les pionsneutres π0 et les photons γ [van Buren 08℄. Le EEMC ouvre seulement la region de lapseudorapidit�e en avant (1 < η < 2) [Allgower 03℄. Son but prinipal est la physiquedu spin. Plus partiuli�erement, en utilisant de faiseaux de proton polarises du RHIC,STAR peut extraire des r�esultats sur l'heliit�e des gluons ∆g(x) en fontion du rapport
xg qui est la fration d'impulsion du proton transport�ee par le gluon. La polarisationde gluons peut �etre demontr�ee dans la di�usion Compton entre les quarks et les gluons,en utilisant les orrelations longtitudinales du spin. Le d�eteteur EMC, est un ensem-ble de plomb et de sintillateur plastique. Il possede le sous-d�eteteur SMD (ShowerMaximum Detetor) pour la disrimination de π0/γ ainsi que de d�eteteurs Pre-et-post shower (PSD) pour la separation entre les �eletrons et les hadrons harges. LeSMD est situe dans 5X0 (radiation lengths) en profondeur. Le SMD o�re la possibilited'enregister le pro�l du gerbe des partiules (�eletromagn�etiques ou bien hadronique)et ependant identi�er la partiule inidente. Le ESMD est ompose de polystyr�ene.Le BEMC poss�ede une geometrie ylindrique dans une rayon de 223 cm and 263 cmpar l'axe du faiseau. Le longeur du d�eteteur est de 293 cm au long d'axe z. Les deuxgrandes divisions du BEMC ouvrent −1 ≤ η ≤ 0 (Est) et 0 ≤ η ≤ +1 (Ouest).Chaque division est onstruite par 60 modules de d�etetion (sintillateur verre auplomb). Chaque module est environ 26 cm et ouvre en azimuth 6◦. Les m�emesmodules possedent une r�esolution ∆η × ∆φ = 0.05 × 0.05. Les modules sont aussigroupes en 40 towers du plomb et sintillateur. Comme r�esultat les des 2400 towersest obtenue pour haque division (la moiti�e du d�eteteur). On souligne l'importanede la alorim�etrie sur STAR, puisque on va utiliser l'identi�ation des �eletrons pournotre analyse sur les orrelation azimutales e�D0.12.2.3 La trajetographie interne du STARConernant la trajetographie interne du STAR, il possede aussi l'enseble des d�eteteursen siliium, notamment le SVT et le SSD (Silion Vertex Traker et Silion StripDetetor). L'ensemble de d�eteteurs est montre sur la Figure 2.14. Tout d'abord leSVT est onstitu�e de trois ylindres onentriques de d�eteteurs en siliium, ave lesrayons ompris entre 6 et 15 cm, qui utilisent des d�eteteurs �a d�erive. La quatriemeouhe�la plus eloigne par le faiseau�est ompos�ee de d�eteteurs �a miropistes, ets'appelle SSD. Dans les lignes suivantes la desription du SSD sera pr�esent�ee.Dans l'�experiene STAR, initialement le dispositif de la reonstrution des traesdans la r�egion de rapidit�e entrale (|η| < 1.2) se omposait de la TPC et d'un traje-tographe interne le SVT. Dans le adre d'augmenter la puissane de la trajetographie�



12.2 Notions exp�erimentales 205autrement dit l'am�elioration l'e�ait�e de la reonstrution des traes�une ouhesuppl�ementaire de d�eteteurs en siliium �a miropistes (le SSD) il �etait propos�e. Undeuxi�eme but �etait la reonstrution des vertex seondaires pour les d�esintegration departiules �etranges: K0
s ,Λ,Ξ et Ω. D'abord on derit le SVT et apr�es on va insister �ala desription du SSD.Le d�eteteur SVTDans le domaine de la trajetographie dans la region de basse impulsion transverse(pt < 150 MeV/c), le SVT permet d'am�eliorer la trajetographie des partiules et lad�etetions des hadrons de vie ourt (e.g. K0

S). L'�experiene STAR est equip�e ave etraker situ�e tr�es pr�es du faiseau et o�re une r�esolution spatiale de 25µm et environde 500µm entre les deux traes. Le SVT est montr�e sur la Figure 2.14, et est om-pos�e par trois ouhes o-entriques. Le module de d�etetion�appele wafer�utilisela tehnologie de d�eteteurs en siliium �a derive. Les 3 �ehelles sont situ�es �a distane
r = 6.37, 10.38 et 14.19 cm par le point de la ollision. Le d�eteteur ependant estompose par 216 modules de d�etetion de type p ave les dimensions 6.3 × 6.3 × 280
([W [cm] × L [cm] ×H [µm]) . Les wafers [Bellwied 03℄, suivent la distribution suiv-ante:

1�ere ouhe: 8 �ehelles (dont 4 wafers);
2�eme ouhe: 12 �ehelles (dont 6 wafers); et
3�eme ouhe: 16 �ehelles (dont 7 wafers);Chaque ouhe du d�eteteur SVT est relativement epais (1.5X0) La r�esolution intrin-seque est de σr�φ < 80µm (pour le plane transverse) et σz < 80µm (onernant laomposante z). Finalement haque wafer est divise dans deux parties par une athodepour diminuer la region de d�erive des �eletrons (Figure 2.15).Le d�eteteur SSDConernant la desription du SSD, le d�eteteur est pla�e �a 23 cm de l'origin de l'axedu faiseau, et dispose de 20 �ehelles de support. Chaque �ehelle (f. Figure 2.16)ontient 16 modules de d�etetion. Chaque module de d�etetion (f. Figure 2.17) estespa�e de 5 mm (en axe z du faiseau), omprennent haun un d�eteteur en siliiumde 75× 42 mm2 qui poss�edant 768 miropistes (strips) sur haque fae (p et n) et deuxiruits hybrides supportant l'�eletronique de leture. Le SSD possede en totale de

0.5 m2 de surfae ative (de d�etetion). Les �ehelles sont d�eal�ees (inlinaison de 5
◦)les unes par rapport aux autres. Conernant la reonstrution des traes, le SSD o�rela possibilit�e d'obtenir un point suppl�ementaire (par rapport �a la on�guration SVT etla TPC). Le SSD fournit une pr�eision sur la position d�etermin�ee d�epend en premier



206 12. R�esum�eordre, de la segmentation du d�eteteur,i.e. la distane entre haque piste (appel�e pithet qui a la valeur de 95µm [Martin 02℄). La r�esolution attendue est de l'ordre de 20µmsur haque fae. Cependant, le faible angle st�er�eosopique de 35 mrad (f. Figure 2.17)implique une r�esolution tr�es di��erente apr�es le passage dans le rep�ere global de STAR.Les r�esolutions en position attendues dans les diretions x et z sont respetivement
σx = 15µm et σz = 850µm. Le hoix de la distane entre les pistes�d�ej�a mention�e�r�esulte du ompromis entre la r�esolution en position d�esir�ee et le nombre de anauxn�eessaires pour la leture.Chaque ouhe de d�etetion du trajetographe poss�ede des zones mortes, dues �ala g�eom�etrie de la onstrution du d�eteteur (l�espae entre les modules de d�etetion)ou �a des zones d�e�etueuses ou inatives des d�eteteurs. Le d�eteteur en siliium on-stitue la partie sensible, aux partiules harg�ees, autrement dit, le module de d�etetion.Le substrat de siliium est de 300µm d'�epaisseur. Quand une partiule harg�ee auminimum d'ionisation (MIP:Minimum Ionising Partile) traverse perpendiulairemente module, perd environ 84 keV et omme onsequene ils sont r�eee environ 23000paires �eletrons et trous f. Figure 2.13. Ces harges sont ensuite ollet�ees par lespistes implant�ees sur haque fae (p et n). Ce d�eteteur fournit, en r�eponse au pas-sage d'une partiule harg�ee, un ouple de oordonn�ees (x, z), dans son rep�ere propre,indiquant la position de l'impat. Le module de d�etetion du SSD de STAR doitposseder une apait�e �a fontionner dans un environnement tr�es dense onernant lestaux des partiules harg�ees en termes d'e�ait�e et de puret�e de reonstrution destraes. Une desription graphique du d�eteteur est montr�ee sur la Figure 2.14. Led�eteteur en siliium onstitue la partie sensible, aux partiules harg�ees, du modulede d�etetion. La surfae ative est ironsrite �a l'int�erieur des anneaux de polarisa-tion situ�es (pour haque fae) �a 1 mm du bord du d�eteteur. Le substrat de siliium(volume du d�eteteur) est de 300µm d'�epaisseur.12.3 Motivation pour l'�etude de orrelations angu-lairesUne des d�eouvertes les plus importantes et en m�eme temps inattendue aupr�es du ol-lisioneur RHIC, �etait l'observation de la suppression anomale de jets produite par lamati�ere dense et haude r�ee pendant les ollisions des noyaux-noyaux. Cette suppres-sion est predite par les aluls theoriques d'�etre dependante sur la masse de quarks,qui traversent le milieu. En partiulier, la plus lourde la partiule le plus faible laperte d'�energie de quarks devient. La suppresion de jets est utile pour l'etude de ladensit�e de gluons dans le milieu partoni travers�ee par le quark. En ayant omme butla mesure de ette densit�e, les preditions par les mod�eles th�eoriques doivent �etre om-prises et omparees ave les donn�ees reels divers, pour obtenir une image ompl�et�ee et



12.4 M�ethode d'analyse des donn�ees 207oh�erente. Une fa�on de omparer la th�eorie ave les donn�ees r�eels est l'investigationde la suppression de jets en fontion de la masse des quarks dans les donn�ees et laomparaison ensuite ave les modeles theoriques.La mesure des quarks lourds (harme et la beaut�e) en exploitant les �eletrons non-photoniques dans les ollisions des noyaux lourds en �energie �a√snn = 200 GeV, demon-trent une suppression plus �elev�e qu'attendue. Dans le adre de la omprehension deet enigme, la separation de la dependane de la suppression dans le domaine de saveurde quarks. En parallel ave les �etudes de la prodution du harme diret, l'exp�erieneSTAR permet l'appliation de deux m�ethodes bien s�epar�es pour e�etuer l'�etude d�eriteau-dessus. En partiulier:� Les orr�elation �eletron-hadron (e�h); et� les orr�elations angulaires azimutales entre l'�eletron et la partiule harm�ee(e�D0).La prodution du quark harme (dans les paires ccbar) a lieu dans les premi�eres�etapes de la ollision, par l'intermediaire de la fusion des gluons gg → cc̄ [Abelev 08℄.Gr�ae au fait que le taux de la prodution du harme est a�et�ee par les onditionsinitiales de la ollision, la mesure de la prodution du harme o�re un outil d'�etude pourla desription de es onditions. En plus gr�ae au fait que la masse des quarks harmesest elev�ee (m > 1 GeV/c2) les quarks lourds (harme et bottom, souvent abr�eg�es enquarks cet b), sont generes par les proessus de la di�usion dure (tranfert d'�energieelev�ee) dans les premi�eres moments de la ollision. Ils sont sensibles �a la densiteinitiale de gluons. La prodution de quarks lourds par les proessus thermiques plustard apres la ollision, ne ontribue pas �a la prodution totale, ar l'�energie disponibledans le milieu (∼ 0.5 GeV/c2) est inferieure au seuil pour la prodution d'une pairede quarks lourds (> 2.4 GeV/c2). L'�etude de la perte d'�energie des partons dans lehaud et dense mati�ere de QCD peut �etre atteinte dans l�energie (√s = 200 GeV) auRHIC. La perte d'�energie d'un quark lourd est onsid�er�ee plus faible que elle de quarksl�egers. Ce r�esultat est explique gr�ae au ph�enom�ene appelle dead-one [Dokshitzer 01,Djordjevi 05℄, ergo la suppression de la radiation de gluons dans les petites angles∗∗.En outre on doit mentioner que la prodution du J/ψ dans les ollisions est supprim�e�a ause de l'erantage du Debye provoque par les paires cc̄ a son entourage.12.4 M�ethode d'analyse des donn�eesDans ette th�ese l'appliation des m�ethodes mirovertexing sont aussi appliques dansles donnees des ollisions Cu+Cu et Au+Au �a√snn = 200 GeV. Cette m�ethode permet
∗∗L'emission des gluons�selon le mod�ele du dead-one�est interdite plut�ot �a la diretion olin�eaireen e qui onerne l'impulsion initiale du quark.



208 12. R�esum�el'am�elioration d'extration du signal du D0 en exploitant la reonstrution du vertexseondaire. En plus, l'analyse des donn�ees onerne aussi la orrelation azimutale
e�D0 dans les ollisions Cu+Cu et Au+Au. Con�ernant la qualite de la m�ethodemirovertexing, il �etait assure en utilisant des donn�ees Monte Carlo (MC) et en faisantla omparaison ave les donn�ees r�eels (Au+Au �a √

snn = 200 GeV). Les distributionsdes variables (e.g. DCA) aient �et�e ompare entre les deux situations et la variationde l'importane du signal du D0 en fontion de oupures imposes sur les variables dumirovertexing ont �et�e etudies aussi. L'�etude des donn�ees MC permet l'optimizationdes valeurs des oupures sur les variables et la onstrution d'un ensemble de oupuresqui seront appliques sur les donn�ees.12.4.1 Seletion des �ev�enementsUne s�eletion primaire des �ev�enements est faite pour am�eliorer l'�ehantillon des �ev�enements.D'abord on performe une oupure sur la multipliite des �ev�enements. Plus parti-ulierement, la oupure poss�ede la forme (3.1) et il sert pour e�etuer l'�etude de notreanalyse en basses ou hautes multipliites. Les multipliites sont alules par le mod�elede Glauber (f. Setion 1.10) et demontre une mesure du nombre des traes de par-tiules harg�ees. La plus haute la multipliite, la plus entrale la ollision devienneet ependant le nombre des partiules est plus elev�ee. On performe une oupure surla omposante z (l'axe du faiseau) du vertex primaire et en partiul�erement on de-mande qu'il depasse pas le |z − vertex| < 20 ou 30 cm (selon l'esp�ee de noyaux. Enp+p et Cu+Cu la oupure impos�ee est de 30 cm et en Au+Au et d+Au la limite est de
20 cm). En plus on demande que l'�ev�enement appartient dans le d�elenheur (onlinetrigger) du BEMC. Conernant la qualit�e de traes, ils doivent �etre ontenus dans laregion |η| < 1 et le nombre des hits enregistres par la TPC doit respeter (3.2). Cetteoupure est applique pour eviter les traes split et aussi pour obtenir des traes quiontient une mesure sur l'impulsion plus elev�ee, puisque la mesure est proportionelleau nombre de hits enregistres.12.4.2 Identi�ation des hadronsL'identi�ation des partiules joue un r�ole important sur notre �etude. Le but �nal denotre �etude, est la reonstrution de la masse invariante du D0 en respetant la (3.6).Pour ette raison la lassi�ation de partiules en hadrons (K et π) est neessaire.On utilise l'information sur la perte d'�energie obtenue par la TPC. Cette informa-tion est donn�ee sous forme de distribution gaussien pour haque partiule (appellationnSigmaKaon, nSigmaPion, nSigmaProton, et. ). Ces distributions (f. Figure 3.10)sont r�ees �a partir de l'hypoth�ese de la masse de haque partiule, et en prennantsous ompte la valuer de la perte d'energie. Pour une masse di�erente on obtient unedi�erene entre la valeur theorique obtenue ave l'equation de Bethe-Bloh (2.1) et la



12.4 M�ethode d'analyse des donn�ees 209valeur atuelle. On souligne l'importane que les oupures sur la perte d'�energie�sousforme (3.7)�permettent la partiule d'�etre andidat pour tous les deux esp�ees: pionset kaons. Cependant haque oupure n'emp�ehe pas que la partiule appartient enm�eme temps dans tous paires di�erentes omme une partiule di�erente. Finalementla perte d'�energie de di�erentes esp�ees de partiules en fontion de l'impulsion estmontr�ee sur Figure 2.19.12.4.3 Identi�ation des �eletronsPour l'identi�ation des �eletrons une m�ethode plus sophistiqu�ee est utilise. On ap-plique les oupures suivantes pour obtenir un �ehantillon des �eletrons le plus proprepossible. Tous les oupures suivantes doivent �etre satisfaites, sinon l'�ev�enement estrejet�e.1. L'�ev�enement doit ontenir un hit dans un des modules du BEMC ave l'�energie
E ou Et†† sup�eriere au seuil impose. En partiulier les �ev�enements qui ontientHigh Tower (for the Cu+Cu) or Btag (for the Au+Au). Les valeurs du seuil sontmention�ees dans le Tableau 3.3;2. Une oupure dans la perte d'energie de haque partiule dans la TPC qui doitetre entre les valeurs dE

dx
∈ [3.5, 5.0] [keV/cm]. En m�eme temps l'impulsion doit�etre sup�erieure �a p ≥ 1.5 GeV/c;3. Une oupure onernant le pro�l du gerbe �eletromagn�etique. En utilisant lesous-d�eteteur SMD du alorim�etre, on demande que le gerbe et disperse surplusieurs �ls (strips) en η et φ. Le gerbe �eletromagn�etique poss�ede un pro�lplus disperse geometriquement. Ave la oupure suivante, on jete les gerbes reespar les hadrons, leurs pro�l �etant plus foalise. Le d�eteteur doit avoir au moinsun hit dans tous les deux niveaux. Cependant: SMDη > 1 et SMDφ > 1;4. Une oupure sur le rapport 0 < p

Etower < 2, p mesure par la TPC et Etower par lealorim�etre BEMC, puisque les �eletrons perdent la totalite de leur �energie dansles ellules du alorim�etre, ependant p/E ∼ 1;5. La propagation du trae par les ellules du alimetre jusqu'�a la TPC doit avoirune trae dans la TPC. Cette trae est onsid�eree omme un eletron;6. Finalement, apr�es e�etuer toutes les oupures pr�e�edantes, on a besoin quenotre ehantillon ontient uniquement les �eletrons non-photoniques. Dans eadre, on r�ee la masse invariante pour les paires des �eletrons en m�eme signemais aussi pour la signe oppos�ee. Pour �etudier ette oupure, on superpose les
††Energie transverse d�erite par (1.14)



210 12. R�esum�edeux masses invariantes. Une oupure pour la masse invariante de di-�eletronsest applique pour le m�eme signe (e±e±) est signe oppose (e±e∓). L'ehantillondes �eletrons est rejet�e si au moins une des deux partiules forment une masseinvariante me+e− ≤ 150 MeV/c2. Le dernier as ave la oupure impos�ee, estmontre sur la Figure 3.9.12.4.4 La reonstrution de la masse invariante du D0Apr�es la reonstrution de la masse invariante de paires K±π∓, on a besoin d'extrairele signal du D0. Pour ette raison on a besoin la r�eation de la distibution du bruit dufond. On utilise trois m�ethodes bien distingues qui vont servir �a la soustration par lamasse invariante initiale pour obtenir le signal de la masse du D0 (1865 MeV/c2).� Masse invariante de rotation. On utilise l'impulsion du kaon en faisant une rota-tion de 180
◦ respetant le m�eme niveau de d�esintegration. La masse invarianterotationelle devient selon (3.11);� Masse invariante de paires de m�eme signe. En utilisant la (3.10), on peut on-struire une nouvelle masse invariante puisque le D0 ne d�esintegre pas ni en K+π+ni en K−π−;� Le polyn�ome de n�eme degre pol[n℄. Un �t est applique �a ot�e��a gauhe et �adroite�de la region de 1865 GeV/c2. La valeur du degre utilise varie selon laqualit�e du �t: χ2/d.d.l‡‡ ∼ 1. La m�ethode est bien d�erite en d�etails dans laSetion 3.9.3.Souvent les distributions de la masse invariante sous forme dN/dm (B) de bruitdu fond obtenus sont eloignes par la masse invariante du D0 (S + B) en termes depopulation. On utilise la m�ethode de mise �a l'�ehelle d'un de deux distributions (ona hoisi la distribution de la masse invariante qui orrespond au bruit du fond). Pluspartiulierement, dans la region prede�nie: [1.7, 1.8] et [1.9, 2.0] on performe l'integralpour le S + B ainsi que pour le B. Le rapport des populations (S + B)/B donne unfateur ave lequelle la mise �a l'�ehelle est mise en œvre. Finalement la soustrationdu bruit du fond est realise apres la mise �a l'�ehelle et qui va devoiler l'existene dum�eson harme, notamment le D0. On d�erit la m�ethode dans la Setion 3.10.12.5 La m�ethode du mirovertexingLes trajetoires des partiules harg�ees qui se propagent dans un hamp magn�etiquepeuvent �etre d�erites math�ematiquement ave les h�elies. Dans l'ensemble de (4.1),

‡‡degr�es de libert�e



12.5 La m�ethode du mirovertexing 211l'equation de mouvement de la partiule sous forme alg�ebri est pr�esent�ee. Notrem�ethode du mirovertexing exploite l'id�ee d'h�elie et alule les variables inematiques:la DCA et ependant le point ou se trouve le vertex seondaire de d�esintegration. Enplus ette m�ethode fourni l'information sur les DCA transverse et sur l'axe z (respe-tivement la DCAxy et la DCAz) en e qui onerne le vertex primaire. En plus lelongeur de la d�esint�egration de la partiule peut-�etre aussi alule �a partir du momentque les oordonn�ees du vertex seondaire sont alules. La m�ethode du mirovertex-ing est explique en d�etail en dans la Setion 4.2. Aussi d'autres variables omme le
cos θpointing ou bien le cos θ∗ des partiules �lles et la DCAD0 pour la partiule initial,sont alules (f. Annexe A.3).Dans le plan transverse xy, l'h�elie est projet�ee omme l'ar d'un erle. Conernantles plans parallels au axe z, le trajetoire de la partiule est une fontion sinuso��dal. Unepartiule ave haute impulsion transverse, poss�ede une relativement petite ourbure
1/R (f. Annexe B.2). Les traes ave une impulsion plus faible�appelles loopers etqui sont la majorite pour les traes du STAR�sont ourbes dans l'ensemble de la TPC.A e point, tous les traes reonstruites, sont appelles globales, puisque seulementl'information obtenue par la TPC est utilis�ee. Les traes sont soumises �a un �t denouveau en utilisant le algorithme du Kalman [Lisa 96℄. La trae passe le �ltre du �ttrois fois onseutives. En premier temps, et pendant la premi�ere �t le alul de laproximite des points �a la ourbe du �t. Dans un deuxi�eme temps, toutes les distortionsprovoques par la les malformations du hamp, la perte d'�energie moyenne des �eletronsdans le materiau et la di�usion multiple sont prises en ompte. Finalement, pendantle troisi�eme �t, le trae est optimise et am�eliore en termes de trajetoire. Pendant edernier pas, la trajetographie du STAR, permet de s�epar�er les traes selon le �t entraes primaires et globales. Le rit�ere pour e distintion, est si le point de vertexprimaire a �et�e utilise ou pas pour la reonstrution [Pruneau 03℄. Plus partiulierement,si e point est inlu la trae est onsid�eree omme primaire. En m�eme temps, la traeposs�ede une DCA ≤ 3 cm.12.5.1 �Etude de SimulationPour tester notre algorithme d'analyse de donn�ees, on a applique notre m�ethode dansles donn�ees en simulation. Pour ette raison on a utilise le logiiel STARSIM qui �etaitd�eveloppe pour l'exp�eriene STAR. Ce logiiel utilise GEANT [Apostolakis 93℄ pour lepassage de partiules �a travers de materiau. En plus pour la generation de partiulesinitiales les possibilites du logiiel PYTHIA [Sj�ostrand 10℄ sont aussi exploites. Entotal on a g�en�er�e 400.000 �ev�enements environ, haque �ev�enement ontient la partiule
D0 qui d�esintegre dans le anal hadronique (Pour des raison de simpliit�e on a produitseulement la r�eation D0 → K−π+ et pas l'antipartiule D̄0 → K+π−) ave un rapportd'embranhement de 100%. La distribution du vertex primaire pour les �ev�enements estune distribution al�eatoire est restreinte entre |z−vertex| < 30 cm. Les traes g�en�eres se



212 12. R�esum�etrouvent dans la region |η| < 1 et en plein azimute. Chaque �ev�enement ontient deuxtraes maximum. Puisque on a utilise seulement la d�esintegration du D0, a veut direque les traes negatifs sont les kaons et les positifs les pions. Cependant on peut aussi�etudier les variables pour haque partiule independament (e.g. cos θ∗, f. Setion 4.2).Pour omparer la m�ethode du mirovertexing, pour haque paire, GEANT nous fournitave l'information sur l'impulsion, le longeur de d�esintegration du D0 et les oordon�esdu vertex seondaire (Figure 5.4). En m�eme temps, notre m�ethode permet le alul desvariables du mirovertexing. Apr�es e alul, une omparaison de valeurs��ev�enementpar �ev�enement Ebye: Event by event�est faite.Lorsque une partiule harg�ee traverse un milieu, elle est soumise �a la di�usionde Coulomb multiple (MCS, notamment Multiple Coulomb Sattering). Le r�esultat deette d�eviation angulaire de la partiule r�ee par la somme de fores �eletromagn�etiquesd'atomes. L'angle de deviation est d�erite par la (4.15) et est inverse proportionelle �al'impulsion. La r�esolution de la trajetographie depend par l'impulsion via la (4.18).La r�esolution peut �etre onsid�er�ee omme l'erreur�en oordonn�es ylindriques�d�eriteen plan transverse (r, θ) (4.13) et en omposante θ par (4.14). En plus, dans le adred'�etudier l'impate de l'inlusion de siliium dans les variables du mirovertexing, ondemande expliitement que haque trae ait exatement la oupure SVT+SSD=n (ou
n=0�4). On onstruit les distributions pour la liste des variables i-dessous.i. La DCA entre la trae de la partiule-�lle, omme 'est pr�esent�ee dans la Fig-ure 5.13 (a);ii. le longuer de d�esintegration de la partiule D0, dans la Figure 5.13 (b); etiii. la DCA du D0 en e qui onerne le primary vertex demontre dans la Figure 5.13().Le alul de la DCA du D0 est e�etue en prennant sous ompte l'extrapolationlin�eaire (4.3). Comme il a d�ej�a �et�e disut�e (Setion 5.5), la oupure sur le nombretotal de SVT+SSD d'une trae a un impat sur la reonstrution de variables du mi-rovertexing. Les valeurs moyennes de es variables sont pr�esent�ees dans Tableau 5.2en appliquant la m�ethode mirovertexing, dans l'�ehantillon MC.A�n de am�eliorer les oupures qui vont servir plus tard pour l'analyse des donn�eesr�eels onernant la reonstrution du D0, une �etude est e�etu�ee dans l'�ehantillon MC,onernant es valeurs, f. Setion 4.2. Les d�etails de ette m�ethode sont pr�esent�eesi-dessous. On onsid�ere la distribution d'une variable a dans la region de MC et desdonn�ees r�eels (dans l'�ehantillon MC, la valeur est denot�ee par amc). Cette valeur, peut�etre onsid�er�ee omme le signal (S ). Pour les donn�ees r�eels (dans les ollisionsCu+Cu)la m�eme valeur est adata et est appell�ee bruit du fond (B). Tout les deux as, sontpr�esentes sous une forme de distribution unidimensionnelle da

dN
, ave l'integralle soitnormaliss�e �a l'unit�e (e.g. Figure 5.14 (a) pour la DCA entre les traes). Le but de



12.6 R�esultats 213ette �etude est l'investigation de l'impat d'une oupure inlusive, en gardant la region
∆a ≡ [a1, a2], meme de S et de B. Pour ette raison, on �etudie la variation de lavariable (5.1) dans l'intervalle pre-determin�e ∆a. En plus on �etudie la variation durapport S

B
mais aussi du S√

B
. Finalement la variable de pourentage de survie (not�eepar SP ); ergo le pourentage inlus de la variable pour les deux as (MC et donn�eesr�eels) dans la region ∆a est aussi pr�esent�ee pour haque variable du mirovertexing.En outre, l'impat d'inlusion de points de d�eteteurs en siliium pour haque traesur le alul de variables du mirovertexingest aussi investige�en repetant la m�ethoded�erite i-dessus�pour haque situation de SVT+SSD. L'ehantillon de MC qui estutilise pour ette �etude, est d�erit dans la Setion 5.1. Pour la omparaison entre lesdonn�ees r�eels, on a utilise les ollisions en Cu+Cu �a √

snn = 200 GeV. Plus parti-uli�erement l'ensemble des �ev�enements qui sont s�eletionn�es par le d�elenheur HighTower, (f. Chapitre 6). Le alul des variables pour les MC et les donn�ees r�eels est ef-fetu�e en utilisant le m�eme algorithme d�erit dans la Setion 4.2. Les variables utilis�eespour ette �etude sont mentionn�ees dans la liste i-dessus. En plus on va onsid�erer lesdeux regions suivantes pour e�etuer ette �etude: [0, 1] (cm) et [0, 0.1] (cm).La r�esolution de la trajetographie interne de l'exp�eriene STAR, est 250�300µmonernant la DCA (distane of losest approah) des traes au vertex primaire. Cettevaleur est plus grande que le longuer du trajet de la partiule D0 dans le r�ef�erentiel dulaboratoire: βγcτ ≃ 70µm pour une impulsion duD0 moyenne (longeur de d�esintegrationpropre cτ = 120µm). Malgre e fait, il etait demontre que le rapport du signal (S)bruit du fond (B) pour la desintegration D0 → K−π+ est augment�ee sans ontribuerau perte du signal pour les oupures imposes. Par exemple, les oupures suivantes ont�et�e appliques sur la longueur de d�esint�egration du D0, la DCA de traes au vertexprimaire en pro�l transverse (DCAxy) ainsi que en omposante z (not�ee par DCAz).12.6 R�esultatsOn a obtenu omme r�esultat un signal du D0 ave S√
S +B

= 3.71 dans les donn�eesde 2.5·106 Au+Au �ev�enements, apr�es imposer le minimum bias trigger et la oupuresur la omposante du vertex primaire |z − vertex| < 20 cm et la demande du hit dansles d�eteteurs en siliium (SVT et SSD) soit sup�erieur ou �egale �a un. En m�eme tempsl'appliation de la m�ethode du mirovertexing a �et�e aussi implement�ee pour r�eduirele bruit du fond. L'importane du signal devient plus grande ave la population des�ev�enements, respetant la pr�edition pour le vrai signal. En plus, on souligne que dansles �ev�enenements minimum bias l'�eletron est absent ne permettant pas l'appliationde la m�ethode de la orrelation e�D0.Dans les donn�ees Cu+Cu et Au+Au, la partiule-d�elenheur (trigger partile)



214 12. R�esum�ede haute impulsion �etait hoisi par le alorim�etre �eletromagn�etique (BEMC). Les�ev�enements qui �etaient hoisis s'appellent Btag et High Tower pour les esp�ees denoyaux de ollision Au+Au et Cu+Cu. Le BEMC a �et�e utilise pour la rejetion dubruit du fond et la s�eletion �nale de la partiule e±. Le bruit du fond provient dela d�esintegration de mesons neutres (π0 et η) en photons. Une deuxi�eme soure deontamination est la ontribution de material dans lequel les photons se d�esintegrentsuivant le anal γ → e−e+, en justi�ant le terme photonique. Conernant le heminsuivi pour l'algorithme, la masse invariant du D0 est reonstruite apr�es l'identi�ationd'�eletron. Les hadrons sont aussi lassi�es en pions π± et kaons K∓ pour onstruirela masse invariante pour le anal D0 → K−π+. En m�eme temps les orrelationsdu �eletron e et du D0 sont aussi appliques en azimute (∆φ). Plus spei�quement,pour les �eletrons et les kaons ave la m�eme signe une orrelation angulaire �a 0
◦ estapplique. Ce as implique la g�en�eration du D0 par une d�esintegration de quarks bb̄,appelle la ontribution de la beaut�e. Quand l'�eletron et le kaon ont la signe ontraire,une orrelation ∆φ = 180

◦ est impose pour extraire le signal du D0 provient de laonstribution du harme (cc̄). Le r�esultat obtenu ave les m�ethodes pr�e�edentes estd'une importane S√
S +B

= 2.2. Les �ev�enements initials examines sont 1.5·106.Apr�es les oupures impliques on a obtenu dans les ollisions Au+Au (Btag trigger) est
∼ 90000, et le m�eme hi�re devient ∼ 26000 pour les ollisions Cu+Cu (High Tower).Comme onsequene, les donn�ees qui ontient les �eletrons est inf�erieure si est ompareave les donn�ees de minimum bias. En plus les donn�ees prises pendant les ollisions enAu+Au sont sup�erieurs aux eux prises pendant les ollisions Cu+Cu en termes del'aeptane du alorim�etre. En 2005 (Cu+Cu) le d�eteteur ouvrait seulement laregion en pseudorapidite 0 < η < 1 mais en 2007 (Au+Au) la ouverture de etteregion arrivait jusqu'�a −1 ≤ η ≤ +1.L'�etude des plusieurs ensembles des oupures qui �etaient appliques �etait aussi per-form�ee, en obtenant omme r�esultat l'observation de plusieurs pis andidats pourle D0. Par exemple, l'observation du D0 est faite pour l'azimute de ∆φ ≃ π entrel'�eletron et la paire de Kπ pour le as de m�eme signe: sgn(e) = sgn(K). Ce assigni�e la prodution par la fragmentation du cc̄ dans les donn�ees obtenus dans desollisions Cu+Cu. Pour les donn�ees en ollisions Au+Au le pi obtenu est observe pourle ∆φ ≃ 0 entre la partiule-d�elenheur (e±) et le D0/D̄0. Dans le dernier as, onhoisit la orrelation entre les signes des K et des �eletrons qu'elle soit sgn(e) 6= sgn(K).Ave ette s�eletion des partiules, on est apable d'obtenir un pi du D0 provenant defragmentation du bb̄. Des �etudes plus approfondies en utilisant les orretions obtenuespar la m�ethode du embedding sont indispensables pour les deux as d�erites i-dessus.La prodution des donn�ees du embedding sont en ours de quality assurane par laollaboration STAR. L'embedding va servir dans les signaux obtenus en Au+Au enorrigeant l'aeptane et l'e�ait�e des d�eteteurs. En plus ette m�ethode va servirpour le alul de la setion e�ae de la prodution du harme.



12.7 Nouvelle m�ethode de ollete des amas de harge 215Les r�esultats dans les ollisions Cu+Cu et Au+Au en exploitant les possibilites dela m�ethode du mirovertexing ont �et�e obtenus gr�ae �a la performane exellente queles d�eteteurs en siliium (SVT et SSD) ont demontre pendant la prise des donn�ees.En partiulier le SSD o�rait des hits supplementaires qui aidaient sur la reonstrutionentre la TPC et la SVT en diminuant les phant�omes (ghost hits) qui apparaissent dansle SVT. Dans ette th�ese, on a etudie les orrelations azimutales angulaires e�D0 pourles donn�ees en p+p et d+Au �a √
s = 200 GeV. Il �etait observe un pi du D0 pourtous les deux as de harme et la beaut�e. Ces r�esultats ontribuent dans les analysespr�e�edentes qui ont aussi observe le signal de la partiule D0 et il �etait demontre que laontribution de la beaut�e augmente ave la impulsion transverse (pt) et est omparable�a la harme environ �a pt ∼ 5.5 GeV/c. La ontribution de la beaut�e alul�ee par lesdonn�ees est ompatibles ave les aluls qui sont e�etu�es dans le adre de FONLL.Le dernier r�esultat est de grande importane pour la omprehension de la suppressionde jets dans les ollisions des noyaux. En outre il souligne l'importane pour r�esoudrel'�enigme de ette suppression dans la physique d'ions lourds ne peut pas �etre lie �al'absene de la beut�e dans le ollisions p+p dans la region de la m�eme impulsiontransverse.

12.7 Nouvelle m�ethode de ollete des amas de hargepour le SSDConernant la partie tehnique de la th�ese, on s'interesse sur une nouvelle m�ethodeonernant la ollete des amas du harge pour le SSD en utilisant la lasse de ROOTappell�ee TSpetrum. L'algorithme implemente dans ette lasse, utilise la notion dela ha��ne du Markov exprim�ee par (10.5) et peut distinguer des pis dans un spetrebruyant. Dans la Figure 10.2 'est demontre la mise en evidene de la m�ethode de laha��ne Markov par le TSpetrum.En partiulier ette nouvelle m�ethode de ollete, herhe les amas dans les deuxpistes du d�eteteurs mais sans prendre sous onsid�eration ni la orrelation topologique,ni la orrelation entre les signaux provenant de haque piste. Des r�esultats preliminairesont devoil�e un taux d'augmentation sur le nombre des amas enregistres. Plus partiulierune augmentation de 40% sur e nombre est obtenue ave la nouvelle m�ethode. Lesdonn�ees qui ont �et�e traites provenaient de ollisions Au+Au �a √
snn = 200 GeV (runVII). La nouvelle m�ethode peut servir pour la reprodution de es donn�ees ainsi quepour la future mise �a niveau de d�eteteurs du vertex du STAR, le futur HFT (HeavyFlavor Traker). La troisi�eme ouhe de siliium sur HFT, sera le SSD.



216 12. R�esum�e12.8 ConlusionPendant les ann�ees 2009�2010 le d�eteteur TOF (Time of Flight) a �et�e deploy�e enpleine ouverture pour la premi�ere fois en permettant l'identi�ation des partiulesprovenant par la harme et la beaut�e. Comme onsequene les �etudes sur e domaineauront une meilleure r�esolution onernant les r�esultats. En suppl�ement, la futuremise �a niveau de d�eteteurs en siliium, le HFT�atuellement sous d�eveloppement�vao�rir une am�elioration sur la r�esolution en impulsion et une pr�eision plus importanteonernant la position du vertex seondaire, �el�ement indispensable pour les �etudes surla physique du harme. Il faut souligner que le d�eteteur de vertex du STAR n'�etaitpas on�u pour la physique des saveurs lourdes.La performane exellente du d�eteteur SSD, qui a aide a obtenir les r�esultats enreg-istres dans ette th�ese assure l'inlusion du SSD sur l'ensmble du HFT. Le d�eteteurd'avenir (HFT) est designe pour mesurer ave pr�esiion les variables du mirover-texing pour la reonstrution de harme et de la beaut�e. Les nouvelles developpe-ments pr�esentent aupres de ette th�ese, notamment pour la reonstrution du vertexseondaire, vont servir pour l'extration du signal du D0 dans les ollisions d'ionslourds. Finalement la nouvelle appliation pour la reherhe des amas des harge pourle SSD, demontre que les �etudes de harme et de la beaut�e, peuvent �etre performesdans l'environnement dense de ollisions d'ions lourds, malgr�e la haute densit�e des par-tiules harg�ees qui traversent le d�eteteur et poussent �a ses limites l'exp�eriene atuelqui �etait lointain de son but initial. En plus, es r�esultats, serviront pour la futuremise �a niveau du d�eteteur HFT.
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Appendix A
A.1 Rapidity Relation Between Two Referene FramesLet us onsider two inertial referene frames moving with veloity ~v with respet toeah other. Let us also onsider a Lorentz boost parallel to the axis z, ~β = (0, 0, v

c
) .The relations between the 4-momenta omponents beome:

E ′ = γ(E − βpz)

p′x = px

p′y = py

p′z = γ(pz − βE) (A.1)We begin the proof by using y =
1

2
ln
E + pl
E − pl and onsidering y′ as the rapidity in themoving frame.Proof.

y′ =
1

2
ln
E ′ + p′z
E ′ − p′z

=
1

2
ln
γ(E − βpz) + γ(pz − βE)

γ(E − βpz) − γ(pz − βE)

=
1

2
ln

(E + pz)(1 − β)

(E − pz)(1 + β)

=
1

2
ln
E + pz

E − pz

+
1

2
ln

1 − β

1 + β
= y + ξ
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220 Relativisti CalulationTherefore the distribution dN
dy

remains invariant between the relative inertial frames:
dN ′

dy
=
dN

dy
(A.2)A.2 The Case when y ≈ η.Let us begin the proof using the expression η = − ln tan

θ

2
. We shall also onsider thease that β → 1, therefore E ≃ p. Let us note that cos θ =
pz

p
and also the followingtrigonometri expressions:

1 + cos θ = 2 cos2 θ

2

1 − cos θ = 2 sin2 θ

2Proof.
y =

1

2
ln
E + pz

1 − pz

=
1

2
ln

1 + pz

E

1 − pz

E

≃ 1

2
ln

1 + pz

p

1 − pz

p

=
1

2
ln

1 + cos θ

1 − cos θ

=
1

2
ln

cos2 θ
2

sin2 θ
2

=
1

2
ln

1

tan2 θ
2

= − ln tan
θ

2
= η



The Gottfried-Jakson Referene Frame 221A.3 The angle θ∗The angle θ∗ is de�ned as the angle between the momentum of the parent partile inthe lab frame, and the momentum of the daughter partile in the CMS, as stated in(A.3) for the ase of the kaon. Let us onsider the Gottfried-Jakson referene frame.
cos θ∗K ≡ ~p ′

K · ~PD0

|~p ′
K ||~PD0|

(A.3)In the laboratory frame we measure only the ~p for the daughters and reonstrut theparent ~P . Conerning the enter of mass system (CMS), the same daughter partilemomentum is denoted by p′ and the deay of D0 → K−π+ results for the deaypartiles to be emitted in a bak-to-bak orientation. By applying the inverse Lorentzboost desribed by (A.1) we an alulate the momentum of the daughter partile inthe CMS, e.g. ~p ′
K for the K andidate. Hene (A.3) an be re-written as (A.4).

cos θ∗K =
(~pK + ~βD0EK) · ~PD0

|~pK + ~βD0EK ||~PD0|

=
~pK · ~PD0 + P 2

D0

EK

E
D0

|~pK + ~βD0EK ||~PD0|
(A.4)

=
|~pK | cos θK + PD0

EK

E
D0

|~pK + ~βD0EK |

=
|~pK | cos θK + βD0EK

|~pK + ~βD0EK |Let us note that the angle θK is alulated in the lab frame as the angle between themomentum of the K and that of the D0 as desribed by (A.5).
cos θK =

~pK · ~pD0

|~pK ||~pD0| (A.5)Therefore (A.4), is transformed into (A.6).
cos θ∗K =

~pK ·~p
D0

|~p
D0 | + βD0EK

|~pK + ~βD0EK |
(A.6)Conerning the alulation of the D0 energy, the mass is onsidered to be the invariantmass of the Kπ pair: MKπ as stated in (A.7).

MKπ =
√

EKEπ − ~pK · ~pπ (A.7)



222 Relativisti CalulationIn partiular the energy of the parent partile is given by (A.8).
ED0 =

√

(~pK + ~pπ)2 +M2
Kπ (A.8)On the other hand, for the alulation of the energy of the daughter K (and of the

π), the energy is alulated by using the nominal mass values of mK = 0.493 GeV/c2(mπ = 0.140 GeV/c2) and the (A.9).
EK,π =

√

p2
K,π +m2

K,π (A.9)A.4 Energy in the Center of Mass for Fixed Targetand Collider ExperimentsLet E1 be the energy of the beam of partiles m1 that hit partiles of mass m2 with
E2. The energy at the CMS an be alulated using the square of the 4 momenta, asexpressed below, in the laboratory frame.

pµpµ = E2tot − ~p 2tot
= (E1 + E2)

2 − (~p1 + ~p2)
2

= p2
1 +m2

1 + p2
2 +m2

2 + 2E1E2 − (p2
1 + p2

2 + 2~p1 · ~p2)

= m2
1 +m2

2 + 2(E1E2 − ~p1 · ~p2) (A.10)In the enter of mass the invariant mass is given by (A.11).
pµpµ = Ẽ2tot − ~̃p 2tot (A.11)Sine in the CMS the total momentum is |~ptot| = 0 then (A.11), is transformed into(A.12).

pµpµ = Ẽ2tot (A.12)Sine the quantity pµpµ is invariant, relations (A.12) and (A.10) are equal, yielding:
Ẽ2tot = m2

1 +m2
2 + 2(E1E2 − ~p1 · ~p2) (A.13)Furthermore we distinguish the two separate ases: for �xed target and ollider.A.4.1 Fixed TargetFor the �xed target experiment, we an onsider that |~p2| = 0 yielding E2 = m2.Therefore, (A.13) is transformed into (A.14).

Ẽtot =
√

m2
1 +m2

2 + 2E1m2 (A.14)In the ultra-relativisti regime where E1 ≫ m1, m2 then the available energy (A.14),in the enter of mass (CMS) is a funtion of the square root of the olliding energybeam (√E1 ) for a given target mass m2.



Fixed Target and Collider Experiment Available √
s 223A.4.2 ColliderIn the ase of a ollider, there are two anti parallel beams of (E1, p1) and (E2, p2), with

~p1 ↑↓ ~p2. Therefore (A.13), beomes (A.15).
Ẽtot =

√

2(E1E2 + |~p1||~p2|) +m2
1 +m2

2 (A.15)In the ultra-relativisti limit p→ E or equivalently m→ 0, yields (A.16).
Ẽtot =

√

4E1E2 (A.16)Finally in the ase of equal energy beams (E1 = E2 = E), the available energy Ẽtotis only a funtion of the 2E. As a graphial representation, Figure A.1 depits bothases (�xed target and ollider) onerning the available energy at the CMS √
s as afuntion of the E. In Table A.1 it is depited the values of the energies in ollisionaland �xed target experiments used in heavy-ion physis.

E [GeV]
0 10 20 30 40 50 60 70 80 90 100

 s
 [G

eV
]

√

0

20

40

60

80

100

120

140

160

180

200 2 E
 10× E √

Fig. A.1: Available energy at the CMS (√s ) as a funtion of the energy (E) of the inident beams,for the ollider E1 = E2 ≡ E (red line) and for �xed target (blue line) ases. Let us notethat in the latter ase the mass of the target is onsidered to be m2 = 50 GeV/c2, henethe multipliation fator.



224 Relativisti Calulation

Tab. A.1: Charateristis of heavy ion experiments. Available energy in the CMS per nuleon pair(√snn ) and energy density ε. Values taken from [Aurenhe 05℄.AGS SPS RHIC LHCoperational year 1992 1994 2001 2010�xed target �xed target ollider olliderCirumferene [km] 0.8 7.0 4.6 27.0Colliding speies Au+Au Pb+Pb Au+Au Pb+Pb
√
snn [GeV] 4.8 17.3 200 5500



Appendix B
B.1 Isotropi DeayLet us onsider the angle of the emission of a partile between the momentum ofthe partile and a given vetor. By isotropi deay, we refer to the onstant angulardistribution of the partile emission in that frame, regardless of the position in spae,where the detetion takes plae. In partiular: dN

dΩ
= C, where C is a onstant and thesolid angle is de�ned as dΩ = dφ d(cos θ).

dN

dΩ
=

dN

dφd cos θ
=

dN

dφdθ

1
d cos θ

dθ

= − 1

sin θ

dN

dφdθ
∝ 1

sin θ

dN

dθyielding:
dN

dθ
∝ sin θ (B.1)Sine dN

dθ
= − dN

d cos θ
sin θ and using (B.1), yields dN

d cos θ
∝ M, with M a onstant. There-fore the isotropi deay distribution is �at in cos θ but not in θ as an be observed inFigure B.1.
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Fig. B.1: Distribution of the angle θ (left) and cos θ (right) for the ase of an isotropi deay.Plots reated using pseudo-random numbers.225



226 KinematisB.2 Sagitta

Fig. B.2: Cartoon depiting the sagitta (s) of a trak, the half length of the base of the ar (l)and the radius of the irle (r). Figure taken from [Rursus 10℄.In the transverse plane (r�φ) the trak of a harged partile, an be projeted asa irular ar, as shown Figure B.2, under the in�uene of the magneti �eld Bz. Bysagitta we refer to the depth of an ar given by (B.2).
s = r −

√
r2 − l2 (B.2)The transverse momentum of a trak an be related to the sagitta. In partiular, ifwe onsider the pt alulation given by (2.2) and that all the traks are harged with

±|qe|. Putting all these together, yields for the value of the sagitta s [m]:
s =

1

λ

[

pt − √

p2t − (λl)2
] (B.3)where pt is measured in [GeV/c]. In the ase of the magneti �eld Bz = 0.5 T�like in the STAR detetor�and for a positive harged trak (+qe), the onstant is

λ = 0.15 GeV/m. In addition in Figure B.3, it is shown the distribution of the sagitta
s for the di�erent transverse lengths l as a funtion of the pt of the trak, alulatedby (B.3). In Table B.1 the values of the sagitta s are summarized for various pt andtransverse trak length l.
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Fig. B.3: Plots of the sagitta s as a funtion of the transverse momentum pt and for the di�er-ent transverse trak lengths l: 180 cm (blue), 130 cm (red), 90 cm (green), and 50 cm (magenta). Calulated by (B.3). The magneti �eld is onsidered to be Bz = 0.5 T.Tab. B.1: Sagitta s values of the traks as a funtion of the radius r, the transverse momentum
pt and the urvature κ, for the magneti �eld of 0.5 T. Also the ratio s/r is given in [%].The transverse trak length l is onsidered to be �xed at 180 cm.

pt [GeV/c] s [cm] r [cm] κ [cm−1] s/r [%]0.61 42 407 0.00246 10.310.72 35 480 0.00208 7.290.99 25 660 0.00151 3.781.23 20 820 0.00121 2.431.36 18 909 0.00110 1.981.53 16 1020 0.00097 1.563.04 8 2029 0.00049 0.396.08 4 4052 0.00024 0.098.10 3 5402 0.00018 0.0511.0 2 7333 0.00013 0.0002
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Appendix C
C.1 The Uniform DistributionLet us onsider the ase where the variable x is equally distributed, among the interval
[a, b], following the uniform distribution. The probability density funtion f(x) is givenby (C.1).

f(x) =

{

K, a ≤ x ≤ b
0, otherwise (C.1)let be K a onstant. The normalization of the funtion f(x) imposes that

∫ b

a

dxf(x) = 1 (C.2)yielding
K =

1

b− a
(C.3)The mean value is given by (C.4)

〈x〉 ≡
∫ b

a

dx xf(x) (C.4)or equivalently
〈x〉 = Kx

2

2

∣

∣

∣

∣

b

a

=
1

b− a

b2 − a2

2
=
b+ a

2
(C.5)In order to alulate the variane given by (C.6)

σ2 = 〈x2〉 − 〈x〉2 (C.6)229



230 Statistis�rst we have to alulate the quantity
〈x2〉 =

∫ b

a

dx x2f(x) (C.7)therefore
〈x2〉 = Kx

3

3

∣

∣

∣

∣

b

a

=
1

b− a

b3 − a3

3
=

1

3
(a2 + ab+ b2) (C.8)The variane then beomes:

σ2 =
1

3
(a2 + ab+ b2) − (b+ a)2

4
=

1

12
(a− b)2 (C.9)Finally aepting the non negative roots of (C.9), the standard deviation is given by(C.10).

σ =
|a− b|√

12
(C.10)For the ase where a = 0, b = 1, 〈x〉 = 0.5 and σ =

1√
12

as it is graphially depitedin Figure C.1.
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Appendix D
D.1 Helix ParameterizationThe trajetory of a harged partile in a stati uniform magneti �eld with ~B =
(0, 0, Bz) is a helix. In priniple �ve parameters are needed to de�ne suh a he-lix [van Buren 06℄. From the various possible parameterizations we desribe here theversion whih is well suited for the geometry of a ollider experiment and thereforeused for the implementation of the StHelix lass. This parameterization desribes thehelix in Cartesian oordinates, where x, y and z are expressed as funtions of the traklength (s). In partiular it is de�ned:

x(s) = x0 +
1

κ
[cos(Φ0 + h s κ cos λ) − cos Φ0] (D.1)

y(s) = y0 +
1

κ
[sin(Φ0 + h s κ cosλ) − sin Φ0] (D.2)

z(s) = z0 + s sin λ (D.3)The following variables are also de�ned and will be used from now on:
s is the path length along the helix;
x0, y0, z0 is the starting point at s = s0 = 0;
λ is the dip angle;
κ is the urvature, i.e. κ = 1/R;
B is the z omponent of the homogeneous magneti �eld B = (0, 0, Bz);
q is harge of the partile in units of positron harge;
h is the sense of rotation of the projeted helix on the transverse (xy) plane takinginto aount the harge q and the magneti �eld B, i.e. h = −sgn(q ·B) = ±1;231



232 Helix
Φ0 is the azimuth angle of the starting point (in ylindrial oordinates) with respetto the helix axis: Φ0 = Ψ − hπ/2 ; and
Ψ is the arctan

dy

dx

∣

∣

∣

∣

s=0

, i.e. the azimuthal angle of the trak diretion at the startingpoint.The meaning of the di�erent parameters is visualized in Figure D.1.
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sFig. D.1: Helix parameterization. Left : Projetion of a helix on the xy-plane. The rosses markpossible data points. Right : Projetion of a helix on the sz-plane.



Calulation of the Partile Momentum 233D.2 Calulation of the Partile MomentumThe irle �t in the xy-plane gives the enter of the �tted irle (xc, yc) and the ur-vature κ = 1/R while the linear �t gives the values of z0 and tanλ. The phase of thehelix (f. Figure D.1) is de�ned as follows:
Φ0 = arctan

y0 − yc

x0 − xc
(D.4)The referene point (x0, y0) is then alulated as follows:

x0 = xc +
cos Φ0

κ
(D.5)

y0 = yc +
sin Φ0

κ
(D.6)and the helix parameters an be evaluated as:

Ψ = Φ0 + hπ/2 (D.7)
p⊥ = c q B/κ (D.8)
pz = p⊥ tanλ (D.9)
p =

√

p2
⊥ + p2

z (D.10)where κ is the urvature in [m−1℄, B the value of the magneti �eld in [T℄, c the speedof light in [m/ns℄ (≈ 0.3) and p⊥ and pz are the transverse and longitudinal momentumin [GeV/c].D.3 Distane Measurement Between a Point and aHelixThe minimal squared distaneMi between a helix and a point i with position (xi, yi, zi)is given by
Mi = M

(xy)
i +M

(z)
i (D.11)

Mi = [xi − x(s′)]2 + [yi − y(s′)]2 + [zi − z(s′)]2 (D.12)In literature one �nds the following approah to solve this problem analytially bynegleting M (z)
i in the derivatives.

dMxy
i

ds
= 0 (D.13)



234 HelixThis formula an only serve to derive an approximation for the real distane. For largedip angles the errors beome large depending also on the atual helix parameters. Theadvantage is that s′ an be alulated analytially:
s′ =

1

hκ cos λ
arctan

(yi − y0) cos Φ0 − (xi − x0) sin Φ0

1/κ+ (xi − x0) cosΦ0 + (yi − y0) sin Φ0
(D.14)Note, that this formula an not be used to derive the distane of losest approah toa point. In order to derive the distane of losest approah the following equation hasto be solved:

dMi

ds
= 0 (D.15)whih an be written as

2

(

xi − x0 −
cos(Φ0 + hsκ cosλ) − cos Φ0

κ

)

sin(Φ0 + hsκ cosλ) h cosλ−

2

(

yi − y0 −
sin(Φ0 + hsκ cosλ) − sin Φ0

κ

)

cos(Φ0 + hsκ cos λ) h cosλ−

2 (zi − z0 − s sinλ) sinλ = 0 (D.16)The root of (D.16) an easily be found with the Newton or regula falsi method with s′from (D.14) as starting value. For the Newton method the seond derivative is neededas well.
d2Mi

ds2
= 0 (D.17)whih is

2 (sin(Φ0 + hsκ cosλ))2 h2 cos2 λ+

2

(
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cos(Φ0 + hsκ cosλ) − cos Φ0

κ

)

cos(Φ0 + hsκ cos λ)h2κ cos2 λ+

2 (cos(Φ0 + hsκ cosλ))2 h2 cos2 λ+

2

(

yi − y0 −
sin(Φ0 + hsκ cosλ) − sin Φ0

κ

)

sin(Φ0 + hsκ cosλ)h2κ cos2 λ+

2 sin2 λ = 0 (D.18)



Distane of Closest Approah Between Two Helies 235D.4 Distane of Closest Approah Between Two He-liesThe losest distane between two helies H1 and H2 is a problem whih again an besolved analytially only in 2 dimensions, i.e. in the xy-plane, (f. Figure D.2). Thesolution in 3 dimensions annot even be solved by standard numerial methods (as theNewton method) but requires a more sophistiated method sine we have to �nd 2unknown parameters, namely the s1 and s2 in
d2M(s1, s2)

ds1ds2
= 0 (D.19)where M is the distane between the two helies at s1 and s2.
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Fig. D.2: Cartoon of the two interseting helies in the transverse (xy) plane.D.4.1 In the Transverse PlaneGiven two helies with radii R1 and R2 and enters in the xy plane O1 = (xc1 , yc1) and
O2 = (xc2, yc2) we have to �nd the vetor ~a as depited in Figure D.2. The angle α anbe therefore alulated as:

cosα =
R2

1 + |~r|2 − R2
2

2R1|~r|
(D.20)



236 Helixwhere ~r is the vetor between the two enters. The absolute oordinates of one inter-setion point (measured from o1) an be obtained by alulating vetor ~a and adding
o1.

xi = xc1 +R1[(xc2 − xc1) cosα− (yc2 − yc1) sinα]/|~r| (D.21)
yi = yc1 +R1[(xc2 − xc1) sinα + (yc2 − yc1) cosα]/|~r| (D.22)If cosα = 1 we have only one solution. For the ase where cosα < 1, we get two validintersetion points (xi, yi) and (xj , yj) where the latter is simply given by:
xj = xc1 +R1[(xc2 − xc1) cosα + (yc2 − yc1) sinα]/|~r|; (D.23)
yj = yc1 +R1[(yc2 − yc1) cosα− (xc2 − xc1) sinα]/|~r|; (D.24)In the ase of cosα > 1, the irles do not interset. Therefore the distane of losestapproah is simply given by the intersetion of a line between the two enters and thetwo helies. Consequently, for the helix H1 we get:

x = xc1 +R1(xc2 − xc1)/|~r|; (D.25)
y = yc1 +R1(yc2 − yc1)/|~r|; (D.26)D.4.2 In 3 DimensionsUsually an iteration method is applied whih uses the intersetion points in the xy-plane as start values. Care has to be taken if both helies have di�erent dip angle λsine the start values then signi�antly deviate from the atual solution.D.5 Intersetion with a Cylinder (ρ=onst)In order to obtain the path length s at whih the helix intersets with a ylinder ofgiven radius ρ we have to solve the following equation:

ρ2 = x(s)2 + y(s)2 (D.27)Using (D.1) and (D.2) we obtain the two analyti solutions for s1 and s2:
s1/2 = −

(

Φ0 + 2 arctan
[{

2 y0 κ− 2 sin Φ0 ±
(

−κ2
(

−4 ρ2 + 4 y0
2 − 2 ρ2κ2x2

0−
2 ρ2κ2y0

2 + 2 x0
2κ2y0

2 + ρ4κ2 + x0
4κ2 + y0

4κ2 − 4 x0
3κ cos Φ0+

4 x0
2 cos2 Φ0 − 4 y0

2 cos2 Φ0 − 4 y0
3κ sin Φ0 + 4 ρ2κ x0 cos Φ0+

4 ρ2κ y0 sin Φ0 − 4 x0
2κ y0 sin Φ0 − 4 y0

2κ x0 cos Φ0+

8 x0 cos Φ0 y0 sin Φ0)]
1/2

}

/ (D.28)
(

−ρ2κ2 + 2 + x0
2κ2 + 2 cos Φ0 + y0

2κ2−
2 x0 κ− 2 x0 κ cos Φ0 − 2 y0 κ sin Φ0)])h

−1κ−1 (cosλ)−1



Intersetion with a Plane 237D.6 Intersetion with a PlaneAny plane an be desribed by its normal vetor ~n (orientation) and an arbitrary pointin this plane ~r (position). The vetor ~p whih desribes the intersetion point mustful�ll:
~p · ~n = 0. (D.29)Hene:

(~a− ~r) · ~n = 0. (D.30)where ~a is given by ~a = (x(s′), y(s′), z(s′)) as desribed in (D.1)�(D.3). In order
n

o
s = 0

p

s’
a

r

Fig. D.3: Sketh depiting the intersetion of a helix with a plane.to obtain the path length s′ where the helix intersets with the plane the followingequation has to be solved:
x(s)nx + y(s)ny + z(s)nz − ~r · ~n =

A+ nx cosS + ny sinS + κsnz sin λ = 0 (D.31)where:
A = κ(~o · ~n− ~r · ~n) − nx cos Φ0 − ny sin Φ0 (D.32)
S = hsκ cosλ+ Φ0 (D.33)The root of (D.31) an now easily be determined by a suitable numerial method(Newton).



238 HelixD.7 LimitationsThe only non-numerial limitations of this parameterization are:
− π/2 < λ < π/2 (D.34)

κ > 0 (D.35)D.8 The Case of the Absene of the Magneti FieldFor the speial ase B = 0 the trajetory beomes a straight line, i.e. κ = 0 and R = ∞.Care must be taken in the numerial alulation of the parameterization beause ofthe singularity in (D.1) and (D.2). The orret form is:
x(s) = x0 − sh cosλ sin Φ0 (D.36)
y(s) = y0 + sh cosλ cos Φ0 (D.37)
z(s) = z0 + s sinλ (D.38)Important: For B = 0 the sense of rotation is ill de�ned. All what matters is that

Φ0 = Ψ − hπ/2 is done orretly, i.e. with the same arbitrary h. In the following weassume h = +1 for onveniene then (D.14) reads as:
s′ =

1

cosλ
[(yi − y0) cos Φ0 − (xi − x0) sinΦ0] (D.39)Finally (D.16) an now be solved analytially.

dMda
i

ds
= 0 (D.40)yielding

sda = cos λ cosΦ0(yi − y0) − cosλ sin Φ0(xi − x0) + sinλ(zi − z0) (D.41)The solution for the intersetion with a ylinder (D.28) now reads:
s1/2 = cos2 λ{x0 cosλ sin Φ0 − y0 cosλ cos Φ0 ±

[− cos2 λ(2x0 cos Φ0y0 sin Φ0 − ρ2 + y2
0 − y2

0

cos2 Φ0 + x2
0 cos2 Φ0)]

1/2} (D.42)The same holds for the intersetion of a helix with a plane where in the ase of zerourvature, (D.31) an then be solved analytially.
s′ =

~r · ~n− ~o · ~n
−nx cosλ sin Φ0 + ny cos λ cosΦ0 + nz sinλ

(D.43)



Appendix E
E.1 Trak FittingIn the xy plane the helix projetion is represented by an ar of a irle. In any of theplanes parallel to the z-axis, the trak trajetory is a setion of a sinusoidal urve. Ahigh pt trak (e.g. for pt > 3 GeV/c) has a relatively small urvature (Appendix B.2).Traks with lower pt (whih are a majority of those seen in STAR) are visibly urved.At this point the traks found by the traking algorithm (all alled global traks, as noinformation other than their TPC hits are used in the trak �nding). The traks arere�tted using a Kalman �lter algorithm [Lisa 96℄. The trak passes through the Kalman�lter three times. In the �rst pass, the alulation of the proximity of the points tothe �tted urve is performed. On the seond pass, all the distortions due to the �eldnon-uniformities, the average energy loss and the multiple sattering of the eletronsin the material are taken into aount. Finally, on the third pass of the �tter, the trakis smoothed and the �t is used to alulate the optimal partile trajetory. This meansthat the trak's �t points inlude an extra hit, the primary vertex. In addition, theSTAR software labels the trak as primary if the distane of losest approah (DCA) ofthe traks to the primary vertex is less than DCA<3 cm. The main di�erene betweenglobal and primary traks is the usage of primary vertex as measurement in the trakparameter �t. The global traks don't use the vertex position in �t [Pruneau 03℄.
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Appendix F

F.1 IntrodutionWe present the results of signal and noise for a given ladder and the set of wafers for theSSD of the low multipliity run 8120057 of Au+Au at √snn = 200 GeV. A desriptionof the detetor an be found at Setion 2.10. We examine 1000 events and the detetorraw hits plot an be seen in Figure F.1 both in 3D and 2D.
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Fig. F.1: 3D (left) and 2D (right) depition of SSD raw hits in global STAR oordinates
{xg, yg, zg} and for 1000 events of run 8120057 of Au+Au at √snn = 200 GeV.

F.2 Signal and Noise vs. Strips for the Seleted WafersConerning the ladder 03, both sides (n and p) for the wafers: {5, 6, 8, 9 and 10} thesignal of eah strip (in ADC units) is depited in Figure F.2 (in green dots) along withthe noise ( in blak errors bars). 241



242 SSD p-and n-sides
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Fig. F.2: Fired strips (green) along with noise for every strip (blak errors bars), for ladder 3 andwafers: {5, 6, 8, 9 and 10}, for the p (left) and n (right) side. Data is taken from 1 eventof the low luminosity run 8120057, Au+Au at √snn = 200 GeV (run VII).



Noise Distribution for the Seleted Wafers 243F.3 Noise Distribution for the Seleted WafersFor the total sum of 1000 events from run 8120057, we present the noise distributionof wafers {5, 6, 8, 9 and 10} of ladder 3 in Figure F.3.
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Fig. F.3: Overall noise distribution for wafers {5, 6, 8, 9 and 10} belonging to ladder 3, for both sides
p (left) and n (right). The n side exhibits more noisy behavior ompared to the p side. Thedata is olleted from 1000 events of the low luminosity run 8120057, Au+Au at √snn =
200 GeV (run VII).



244 SSD p-and n-sides



Index
StHelix, 231TSpetrum, 181regula falsi, 234AGS, 6, 23, 198, 224asymptoti freedom, 4atompentavalent, 34trivalent, 35Azimuthal orrelationprobe side, 19trigger side, 19BBC, 32beam halo, 32Bethe-Bloh, 42, 209Bjorken, 7, 16BNL, 17Booster, 23bottomonium, 10BRAHMS, 27, 199alorimetry, 48BEMC, 49, 65, 204distane of ell to trak, 70towers, 16BPRS, 50BSMD, 51EEMC, 48, 204EPSD, 49ESMD, 49, 204shower

eletromagneti, 68hadroni, 68harmonium, 10, 17, 200Cherenkov, 27, 28, 200hiral symmetry, 13CMOS, 57CMS, 221, 222ollisional energy density, 16olorfators, 3otet, 3singlet, 2oplanarity, 87COSTAR, 41CTB, 33DAQ1000, 58da, 187, 233da between heliessee da, 235dead-one e�et, 17de�etion angle, 92dileptons, 12, 199Drell-Yan, 12drift hambers, 28drift veloity, 47EEMC, 48e�etive harge, 42eletronbremsstrahlung, 42245



246 INDEXnon photoni, 187disrimination, 68partile identi�ation of, 66photoni, 71FGT, 53FMS, 52FONLL, 163freeze-outhemial, 12kineti, 11thermal, 12FTPC, 47, 201Glauber model, 13, 63gluon, 1bremsstrahlung, 10, 17, 196Gottfried-Jakson, 221helix, 83dip angle, 83path length, 231phase, 232HFT, 57, 216impat parameter, 33intrinsi resolution, 39ionization, 42gas, 43isotropi deay, 225IST, 57jet quenhing, 10, 187Kalman �lter, 29, 239kapton, 41, 71LHC, 224Lina, 23loopers, 211luminosity, 17Markov

hain, 181proess, 181MCS, 92mesonbottom
Υ, 10harmed
J/ψ, 10
D0, 61neutral
π0, 48vetordeay of, 56mirovertexing, 83MinuitVF, 59MIP, 39, 46, 49, 206MRPC, 54, 56MTD, 56multipliityof neutrons, 31in ollisions ofAu+Au, 63Cu+Cu, 63d+Au, 63p+p, 63muonarms, 28bremsstrahlung, 56identi�er, 28spetrometers, 28traker, 28MWPC, 43, 51, 201Nulear Modi�ation Fator, 13P10, 44, 203parton, 7, 197, 198PHENIX, 28, 199PHOBOS, 25, 198photon

γ disrimination, 48



INDEX 247diret, 11pile up, 45, 59PMT, 57PPV, 59PSD, 204pseudo-random numbers, 225, 230pseudorapidity, 15pVPD, 57QCD, 1in lattie, 6, 193Lagrangian, 2phase diagram of, 6QGP, 9quark, 1bottom, 19harm, 17, 19ondensate, 13on�nement, 3deon�nement, 6, see asymptoti free-domenergy loss, 187fragmentation, 19strange, 10enhanement of, 10rapidity, 15RHIC, 6, 17, 23, 198, 224ROOT, 181Running Coupling Constant, 3sagitta, 92, 226saturation, 197semiondutordoping, 34n-type, 35p-type, 35gap band, 34pn juntion, 36priniple, 33valene band, 33siberian snakes, 23

Silion Detetors, see SVT and SSDSIS, 6SMD, 68, 204spinor, 2SPS, 6, 198, 224SSD, 39, 204Cluster FinderNovel, 182Standard, 181Cluster reonstrution, 182pulser, 42STAR, 29, 200Trigger Levels, 30stopping power, 37SVT, 38, 215synhrotron, 198Tandem, 23TOF, 25, 27, 54TPC, 27, 43, 200anode grid, 202gated grid, 203laser, 46, 203shield grid, 202traksurvature, 83, 231dip angle, 231global, 84, 89, 149, 161, 167, 239primary, 89, 161, 172, 239split, 64transverseenergy, 16mass, 16momentum, 16Van de Graa�, 23WLS, 50Woods-Saxon, 13ZDC, 31zero suppression, 179



248 INDEX



Glossary
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