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SummarySystematis of strange partile prodution in ollisions of ultrarelativisti nu-lei provides an insight into the properties of the strongly interating matter.Hadrohemistry, the study of the relative yields, provides information abouthemial freeze-out and the position of the system in the phase diagram.Strangeness prodution at Super Proton Synhrotron (SPS) energies is notfully explained by the thermal model of hadron gas. Data reported by oneexperiment show sharp strutures as a funtion of energy whih are interpretedas a signature for a phase transition, but due to disrepanies in the resultsbetween two di�erent experiments, a onlusion an not be drawn.This thesis is part of an e�ort to build a database of the strangeness produtionat SPS energy. The partiular subjet of this work is a preise measurement ofthe prodution of K0S . The results are ompared with two other experimentsand the predition of the thermal model. The high preision data shed lighton the systematis of strangeness prodution and allow lari�ation of theexperimental status.The study of transverse momentum spetra provides information about thetemperature and the radial expansion of the system. Here, as in the ase ofpartile yields, interesting strutures are visible as a funtion of energy. Arapid inrease in the number of degrees of freedom is visible in the SPS region.A large part of the strangeness is arried by the neutral strange baryon �. Herethe experimental situation is even more ompliated beause the reonstrutionof the � yield requires large extrapolation to low transverse momentum. Inthis work �rst results on � prodution will be presented.





ZusammenfassungDie Systematik der Produktion seltsamer Teilhen in ultrarelativistishenShwerionenkollisionen erö�net Einblike in die Eigenshaften stark wehselwirkender Materie. Hadrohemie, das Studium der relativen Häu�gkeiten ver-shiedener Teilhen, liefert Informationen über den hemishen Freezeout underlaubt es, das System in das Phasendiagramm der Kernmaterie einzuordnen.Strangeness-Produktion bei SPS-Energien folgt niht strikt den Voraussagenfür ein thermishes Hadronengas. Die Daten weisen in ihrer Abhängigkeitvon der Kollisionsenergie ausgeprägte Strukturen auf, die unter anderem alsSignatur für einen Phasenübergang gewertet werden. Allerdings wird die Inter-pretation durh Diskrepanzen zwishen Messungen vershiedener Experimenteershwert.Diese Arbeit gliedert sih in die gegenwärtigen Anstrengungen zum Aufbaueiner Datenbank der Strangeness-Produktion bei SPS-Energien ein. Insbeson-dere wird die Produktion neutraler Kaonen K0S präzise bestimmt. Ein Ver-gleih unserer Resultate zu anderen Experimenten sowie dem thermishenModell der Hadronenproduktion wird angestellt. Die hohe Präzision der Mes-sung trägt signi�kant zur Klärung der Datenlage bei und führt zu einembesseren systematishen Verständnis der Teilhenproduktion.Anhand der Transversalimpulsspektren lassen sih Informationen über die Tem-peratur und radiale Expansion des Systems gewinnen. Ähnlih wie im Fallder Teilhenausbeuten sind in der Energieabhängigkeit ausgeprägte Strukturenerkennbar.Das elektrish neutrale seltsame Baryon � hat einen bedeutenden Anteil amgesamten Strangenessvorkommen. Da eine Bestimmung der absoluten Häu-�gkeit der produzierten �-Baryonen nur nah Extrapolation der Transver-salimpulsspektren über einen weiten Bereih kleiner Impulse möglih ist, isthier die experimentelle Situation noh komplizierter. In dieser Arbeit werdenvorläu�ge Ergebnisse zur Produktion von �-Baryonen präsentiert.
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1 Strangeness prodution in relativisti heavy ion ollisionsCollisions of relativisti nulei provide a unique opportunity to study strongly interatingmatter. When two nulei ollide, some of their onstituents, quarks and gluons, undergoollisions and longitudinal momentum is transfered into transverse momentum. A �reballof new quarks and gluons is reated as a result of the ollision. The partons in the �reballexpand, resatter and �nally freeze-out. Hadroni remnants of the ollision are aessiblefor detetion. The freeze-out proeeds in two steps. At hemial freeze-out, when inelastiollisions stop the partile speies are �xed, at kineti freeze-out the elasti ollisions stopand the momentum spetrum is established.The energy density � ahieved during the ollision, at midrapidity, an be estimated fromthe transverse energy of the produed partiles aording to the Bjorken formula [1℄:� = 1�R2� dNdy hET i (1.1)where �R2 is the area in the transverse plane, � is the formation time, dN=dy is the densityof partiles with mean transverse energy per partile hET i. The formation time an not bemeasured experimentally, it is estimated to by � � 1 fm/. The energy densities estimatedusing Eq. 1.1, at top SPS energy reah the values of � � 1� 4 GeV/fm3 from peripheralto entral ollisions [2℄.As speulated in Ref. [3, 4℄, at these energy densities a new state of matter is formed. Thequarks are not on�ned in hadrons but are dissolved and an move freely in the QuarkGluon Plasma (QGP). The searh for the QGP and its properties is the entral goal inthe ultrarelativisti heavy ion ollisions program.1.1 Models of heavy ion ollisionsThere are two groups of theoretial frameworks to understand and desribe the partileprodution during heavy ion ollisions. The �rst group is based on mirosopi desrip-tion of the system, the seond assumes thermalization. Theoretial frameworks based on1



Figure 1.1: Historial plot (1983) of phase diagram of the nulear matter in equilibriumand how it an be explored by ultra�relativisti heavy ions ollisions [6℄. Forurrent version see Fig. 1.2.mirosopi desription, for example UrQMD [5℄ are oneptually more elegant and givea result derived from �rst priniples. These models provide a good desription of dataat low energies, but do not reprodue experimental data at SPS energies. Strangenessprodution and in partiular the prodution of multi-strange partiles at SPS energies isnot properly desribed by UrQMD.One an assume that during the ollision the full thermalization takes plae. In fat theformation of the Quark Gluon Plasma requires nulear matter at equilibrium. In thisapproah the partile yields are not determined by the ross-setions for the partiularproesses, as in the mirosopi models, but by the equilibrium onditions. The nulearmatter in equilibrium an be desribed by the external parameters � temperature, baryonihemial potential and the volume. The phase diagram of the nulear matter is shownin Fig 1.1. The properties of the phase diagram presented in this historial sketh werestudied in detail over the last 30 years using both theoretial and experimental methods.Theoretially the phase diagram an be studied using Lattie Quantum Chromodynamis(LQCD). LQCD predits [7℄ that at su�iently high temperatures the relevant degreesof freedom are not hadrons but quarks and gluons. The predited temperature for thetransition is around T ' 170 MeV at low baryohemial potential. The reent results showthe transition is a rossover type at low baryohemial potential and after the ritial point2



the transition is of the �rst order.The experimental program was started with the �xed target experiments at Bevala andSIS aelerators with beam energies up to E = 2 GeV per nuleon. The AlternatingGradient Synhrotron (AGS) at Brookhaven National Laboratory (BNL) was operatedwith gold beams at momenta up to 11:5 GeV/ per nuleon. The next in the energy orderis Super Proton Synhrotron (SPS) providing lead beams with momenta of 20, 30, 40,80 and 158 GeV/ per nuleon. The aelerator started operating with the highest beamenergy and only at the end of the heavy ion program was the energy san performed.The operation of the Relativisti Heavy Ion Collider (RHIC) at BNL in the year 2000with beams of 130 GeV and later with 200 GeV started the era of the ollider heavyion experiments. The major disovery was the fat that partile prodution smoothlyfollows the systematis established at SPS. The future of the experimental program liesin the Large Hadron Collider (LHC) to start operating in the year 2007 with the ALICEexperiment urrently under onstrution.In this work the beam energy always means the energy per nuleon and this term will beomitted. In the literature the energy ranges are often referred by the name of the failitynot by the value. For example the momentum of 158 GeV/ is alled top SPS energy.Experimentally, the temperature and the baryoni hemial potential are not diretlymeasurable; what an be measured are the partile yields and spetra. To plae a pointin the phase diagram using experimental data a thermal model, desribing the yields bythermal parameters, is needed [11, 9℄ .The strange partiles are of speial interest for extrating the thermal parameters of thesystem reated. This is onneted with the fat that their yields vary signi�antly in theSPS energy range, and, as will be demonstrated later, this variation is not fully understood.In addition, sine the inoming nulei do not arry any strangeness, all strange partilesare produed during the ollision.In the thermal model the partile abundane is dominated by the mass to temperatureratio. The strange partiles span a onvenient mass range from m ' 0:5 GeV/2 (kaons)to m ' 1:7 GeV/2 for 
�, signi�antly above the freeze-out temperature.1.2 Partile yieldsThe thermal model provides a method for extrating the thermal parameters of the studiedsystem from the partile yields. The result of the analysis of a large data sample is shownon the left panel of Fig. 1.2. The experimental results are overlaid with the results from3
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Figure 1.2: Left: phase diagram of nulear matter studied by LQCD and the experiments.Right: energy dependene of the temperature and the baryohemial potential.Plots from Ref. [9℄.
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LQCD and phenomenologial urves of onstant energy and baryon density. This plotshows the same as the sketh in Fig. 1.1, the experimental points follow the systematisof early preditions.When following the experimental points starting from high baryohemial potential (lowbeam energies) toward high temperature (high beam energies), a smooth trend is observed.In the AGS energy regime a steep derease in the baryohemial potential and a steepinrease in temperature is observed. This trend hanges at SPS energies. The temperaturedoes not inrease any more only the derease of the baryoni hemial potential is observed.The detailed analysis of temperature and baryoni potential shown in the right panel ofFig. 1.2 shows that the temperature saturation point is loated at about ps = 8� 9 GeV,in the SPS energy range.The maximum freeze-out temperature reahed by the system reated during the ollision ofnulei is ompatible with the temperature of the phase transition from a hadroni systemto quark-gluon plasma obtained with lattie results. Also the saturation point oinideswith the expeted ritial point. The onlusion that an be drawn from the above plotis that the energy range needed to study the onset of deon�nement is the SPS domain.Some light an be shed on the origin of the oinidene of two temperatures � of deon�ne-ment and of hemial equilibrium � by analysis of the proess driving the system towardequilibrium. As speulated in Ref. [10℄, the two-partile interations are insu�ient todrive the system into hemial equilibrium or to maintain it. The reations responsible forthe equilibration are the multi-partile interations, whih require high density availableonly at the instant, or shortly after hadronization.The thermal model desribes partile prodution in the wide range of the ollision en-ergies starting from ps = 2 GeV up to ps = 200 GeV, the maximum energy availableexperimentally. The predition power of the thermal model is illustrated in Fig. 1.3. Thetop RHIC energy is presented due to the largest number of the measurements performedby three independent experiments. Out of 18 ratios spanning three orders of magnitudealmost all are desribed properly, within experimental error, by the thermal model withtwo parameters. The ratios not fully desribed involve the strongly deaying resonanes.The systematis of the partile ratios as a funtion of the ollision energy is shown inFig. 1.4. The shape of the exitation funtions is orrelated with the shape of the twoexitation funtions of temperature and baryohemial potential shown in right panel ofFig. 1.2. The proton to pion ratio follows the shape of �B. The K�=�� ratio showsthe inrease of the temperature. The shape of the K+=�+ ratio shows di�erent behaviorthan K�=��beause the s quark an go into K+ or � and thus the K+=�+ ratio issensitive to temperature and baryohemial potential. The number of �=� is �rst driven5
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up due to the inreasing number of strange quarks and then falls due to the dereasingnumber of baryons. Some disrepanies between the thermal model and the experimentaldata are however visible in the strangeness setor at SPS, when the interplay between thetemperature and baryohemial potential is dominating the shape.The K+=�+ ratio shows a peak at the energy ps = 7 GeV, just before the freeze�outtemperature saturates. The thermal model does not fully reprodue the shape of theexitation funtion from present data. The real disrepany between the smooth thermalmodel predition and a sharp peak would imply a new exiting physis beyond the thermalmodel � possibly giving a diret insight into the onset of deon�nement.The so alled �horn� struture was predited in the Statistial Model of Early Thermaliza-tion (SMET) [12℄. In this model the thermalization is ahieved during the early hot stageand thus the number of strange partiles is di�erent than in the thermalization ahievedor maintained in the hadroni phase at hemial freeze�out.In this model two distint phases and the mixed phase are expliitly part of the model thusa non-monotoni behavior is an obvious onsequene. Sine the model explores transitionfrom the matter dominated by the inoming nulei and the matter reated during theollision, the horn appears in the same position as the bumps in �=�+ and K+=�+.The original plot with the predition and data then available is shown in Fig. 1.5. Thevariables used in this plot are di�erent from the ones used previously. The beam energyis expressed in Fermi-Landau energy F , whih ontain the threshold energy for the pionprodution. In the energy sales disussed here one an approximate F = s1=4. The �horn�is loated at F ' 2:3 GeV0:5. The strangeness-to-entropy ratio ES is experimentallyapproximated by:Es = < � > + < K +K >< � > (1.2)where < � > stands for the sum of all hyperons (inluding � and multi-strange), <K + K > for the total sum of kaons and anti-kaons and < � > is the total number ofpions: �+, �� and �0. As will be disussed in the last setion of this hapter the numberof < K + K > equals 4� < K0S >, to aount for K+, K�, K0S and K0L. This modelo�ered a predition for apparently sharp strutures observed experimentally during theenergy san performed at lower SPS energies.The disussion of possible sharp strutures in systematis is however ompliated by thefat that the strangeness prodution, in partiular with the absolute normalization, is adi�ult measurement. This is re�eted in Fig. 1.4 by the points marked as losed andopen symbols � values provided by di�erent experiments. Pragmatially on an assume7
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Figure 1.5: Predition of the strangeness prodution systematis within the SMET, theplot is from Ref. [12℄. Closed points: data from heavy ion experiments, openpoints: saled nuleus�nuleus interations. For de�nition of Fermi energy Fand strangeness to entropy ratio Es see text.the systemati error of all data is equal to the disrepany between the two independentmeasurements1. Based on this assumption no onlusion an be drawn with regard to thephysis beyond the smooth thermal model.The experimental data and its relation to the theoretial models generate an e�ort tobuild a database of strangeness prodution in heavy ion ollisions at SPS energies andthis thesis is part of this e�ort. In partiular the disrepany between mean number ofharged kaons from NA49 and the K0S from NA57 will be addressed with the preisionsmeasurement of K0S in CERES.1.3 Transverse momentum spetraPartile spetrum from whih one an extrat temperature is an additional soure of infor-mation about the system reated during heavy ion ollisions. The temperature extratedfrom the transverse momentum spetrum re�ets the onditions of the kineti freeze-outin ontrast to yield, whih re�et the hemial freeze-out. In this area the strange partilesare of speial interest and the experimental results are interesting but inonlusive.1More re�ned methods are used by the Partile Data Group to ompile data, but they will not hangethe argument. 9
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a smooth, slow inrease but not a �at shoulder.Also here, as for partile yields, no onlusive data set is urrently available. What anbe dedued from the data set is the inreasing number of degrees of freedom at SPSenergy. Whether this inrease has a smooth or sharp struture an not be determinedfrom urrent data. The preision measurement of the temperatures at top SPS energyand the measurements from the energy san from RHIC will provide deisive data. Thetemperature obtained in this work will be disussed in Chapter 7.1.4 Disrepanies of the experimental resultsAs disussed above, the measurement of the yields of strange partiles is not an easy task.This is re�eted in the disrepanies between experimental results obtained by di�erentexperiments. This setion will disuss the issue of the experimental data disrepany attop SPS energy.1.4.1 The � puzzleThe vetor meson with hidden strangeness, the � is a very interesting probe. This partilehas deay hannels into both hadrons and leptons. If it deays into leptons the deayproduts travel undisturbed toward the detetor. If it deays into hadrons the deayproduts an resatter. One an try to extrat the properties of the resattering stage[19℄. It was also predited that near the phase boundary, in dense medium, the mass,width and branhing ratios into hadrons and leptons might be modi�ed. This wouldprodue an additional e�et smaller than that proposed in the resattering senario.Three experiments have measured � prodution. The NA50 experiment measured �mesons in the � ! �+�� hannel [20℄. The measurement in the hadroni hannel� ! K+K� was obtained by NA49 [21℄ and reently CERES measured both hadroni(�! K+K�) and leptoni (�! e+e�) hannels [19℄.The transverse mass spetra from all experiments are shown in Fig 1.7. The disrepanybetween deays into muons � ! �� (NA50) and hadrons (NA49) in the overlappingtransverse mass region is at the level of fator 2 � 4. Also the transverse mass spetraslopes di�er: 305� 15 MeV in the �! KK hannel in NA49 and 218� 6 MeV in NA50.Suh a disrepany is not observed when omparing the two hannels measured by theCERES ollaboration. The measured yields at the same rapidity are 2:05 � 0:14 (stat)�0:25 (syst) in the hadroni hannel and 2:04 � 0:4 (stat) � 0:3 (syst) in eletrons. Thismeasurement an exlude the enhanement of the � yield in the leptoni hannel greater11
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hadron NA49 NA57 di�ereneK+ 29:6 � 0:3� 1:5K� 16:8 � 0:2� 0:8K0S � 30:2� 2:2 30%0:5 � (K+ +K�) 23:2 � 0:5� 11� 1� 1:3 18:5 � 1:1� 1:8 70%�� 1:54 � 0:16 � 0:2 2:72� 0:2 76%�� 1:61 � 0:08 2:08 � 0:09 � 0:21 30%�+ 0:36 � 0:04 0:51 � 0:04 � 0:05 40%
 0:19 � 0:03 � 0:01 0:39 � 0:04 � 0:06�
 0:097 � 0:02� 0:0Table 1.1: Compilation of the results on strangeness from NA49 (�rst olumn) and NA57(seond olumn) at top SPS energy. Data obtained or saled to 5% of geomet-rial ross-setion. The �rst error is statistial and the seond systemati. Seetext for soure of data.ompilation [22℄, the original referene will be given when disussing a partiular result.Data are for ollisions with entrality of 5% of the geometrial ross-setion. The weaksignals, for example 
�, are measured with lower entrality and the results reported aresaled.The results from NA57 are taken from [23℄. Only data for the 5% most entral ollisionsare shown, exept for 
, where the 10% entrality is reported. For K0S and � , followingthe Gaussian distribution in the rapidity, the result of the �t at midrapidity is shown, forother partiles following relatively �at distribution in the midrapidity region, the meanvalue is quoted:dNdy jy=0 = Z 0:5�0:5 dy dNdy (1.3)where the integration spans one unit of rapidity and dN=dy are the measured points.In all ases, the values reported by the NA57 are greater than those reported by NA49.The omparison of � and � gives the disrepany at the level of 70%. Interestingly, theratio �=� for both experiments is similar:NA49 1:54=11 = 0:14 � 0:01NA57 2:72=18:5 = 0:147 � 0:01Also the systematis is similar as an be seen in Fig. 1.4, only the absolute saling isdi�erent. This important aspet � the di�erene of absolute yields and the similarity of13



the ratios imply, some systemati errors anel when deriving the ratio. The di�erene inthe absolute values an be aused by di�erent entrality measures. This e�et is importantwhen disussing di�erenes of 5�10% of the yield. In the ase of the partile to antipartileratio the value an be obtained using raw yields without any e�ieny orretion and�tting the transverse momentum spetrum. In this ase the systematial unertainty dueto e�ieny orretion drops out.The omparison of the K0S yield from NA57 to the mean of harged kaons gives a 30%disrepany. The details of disrepanies for K0S will be disussed in greater detail afterpresentation of the results of neutral kaon reonstrution. The results presented here willhelp to understand the strutures and soures of disrepanies.1.5 Strange partilesThe main subjet of this thesis is the reonstrution of the neutral kaons K0S . Peuliarproperties of this partile, whih have a signi�ant impat on the development of theStandard Model, will be disussed brie�y in this setion. For the interpretation of theresults of this analysis only the isospin symmetry and the quark ontent of the K0S areimportant.The strange partiles an be divided into mesons and baryons. There are four mesonsontaining one strange and one light quark: K+ = ju�si, K� = j�usi, K0 = jd�si andK0 = �� �ds�. Two of them K� and K0 form an iso-doublet ontaining strange quark whileK+ and K0 form an iso-doublet with anti-strange quark. There is also a vetor mesonwith hidden strangeness � = js�si.The K0 is not an antipartile to itself, unlike for example �0 or �, its antipartile is K0.This an be written with the help of the symmetry operator CP :CP �K0� = K0: (1.4)The two partiles di�er by two units of strangeness, but the strangeness is not onservedin the weak interations and the neutral kaon an deay into two pions:K0 ! �+�� (1.5)and its antipartile has the same deay produts:�K0 ! �+��: (1.6)14



Sine the two states an not be distinguished from the deay produts the two states anosillate:K0 ! �+�� ! K0: (1.7)If the CP symmetry holds, the partiles having de�nite lifetime and atually observed areCP eigenstates. Two eigenstates are reated:K1 = 1=p2 � �K0 +K0� (1.8)with the CP = +1 andK2 = 1=p2 � �K0 �K0� (1.9)with the CP = �1. The eigenstate with CP = +1 an deay into two pions, the seondeigenstate with CP = �1 an deay into three pions. Sine the mass of the neutral kaonis lose to the mass of three pions, this deay mode has a smaller phase�spae availableand the deay proeeds slower than the deay of the CP = +1 eigenstate.The two eigenstates have di�erent lifetimes and thus are alled �short� and �long�. Theshort omponent K0S equal to K1 has � = 2:6842 m and the long omponent K0L = K2has lifetime of � = 15:51 m [14℄.The K0S is not exatly equal to K1 due to the additional e�et of the breaking of the CPsymmetry observed �rst in the deay of K0L ! �� [15℄.Historially, the K0S was disovered �rst in the assoiated prodution with �. The analysisof the CP symmetry by Pais and Gell-Mann lead to the predition ofK0L partile [16℄ whihwas experimentally disovered by a group lead by Ledermann [17, 18℄. After disoveryof the long omponent K0L the regeneration of the short omponent of the beam of K0Lrossing the matter was disovered.Detailed study of the suppression of deay into two muons, a signature of the fourth quark,and of the regeneration lead to the disovery of the deay of the K0L into two pions [15℄,the deay forbidden by the CP symmetry. The breaking of the CP symmetry needed athird family of quarks. Thus the third quark was needed to explain the existene of K0and another three to explain its properties.The important property of the neutral kaon is the mixing � the K0S measure the numberof both strange and anti-strange quarks. One also has to remember that the K0S aountsfor half of the total number of neutral kaons. 15



From the isospin symmetry the number of K0 reated shall be equal to the number ofnegative kaons and the number of K0 to the number of positive kaons. Summarizing, thenumber of K0S atually observed experimentally is equal to mean value of both hargedkaons. The total number of kaons is N = 4 �K0S . This isospin argument holds up to thesmall e�et of the feed-down from weak deays.For a omplete measurement of the number of strange quarks in the system the strangebaryons also have to be reonstruted. Strange baryons an have one, two, or three strangeor anti-strange quarks. One strange quark is ontained in the iso-singlet � and in the iso-triplet �. Two strange quarks are in the iso-doublet � and three strange quarks onstitute
�.The total number of strange quarks arried by baryons is di�ult to measure due to the �partile. The harged � partiles deay weakly into one harged and one neutral partile,thus detetion is impratial. The neutral � deays eletromagnetially into�0 ! � (1.10)and thus a fration of the measured � partiles are feed�down from �0. The measure-ment of the �0=� ratio, using an eletromagneti alorimeter ombined with the isospinsymmetry would allow a measurement of the total number of strange partiles arried bybaryons.1.6 Organization of the thesisThe main subjet of this thesis is the reonstrution of the neutral strange meson K0S . Thereonstrution proedure is divided into �ve parts overed in the subsequent hapters.After a basi desription of the experimental setup a feasibility study of the measurementis disussed. Di�erent possibilities are studied and ompared to other measurements ad-dressing strangeness prodution in heavy ion ollisions. The next hapter disusses thedata analysis � reation of the invariant mass spetrum and approximation of the shapeof the bakground. Seletion of events and traks as well as removal of the orrelationsother than K0S is extensively disussed in this hapter. Two types of orrelations will bedisussed: global orrelations due to the impat parameter �utuation and azimuthal �ow,and loalized ones � ontamination from � deay.The reonstrution e�ieny was analyzed using a Monte-Carlo program and is the subjetof Chapter 5. The result of this study will also provide the guidane for the hoie of thedetails of the data treatment.16



The �nal analysis addresses the issue of extrating the signal from the invariant massspetrum and ombining data with the results of simulations. This hapter will bringthe �rst results with diret interpretation � transverse momentum and rapidity spetrum.The values obtained are ompared to other measurement in Chapter 7.Reonstrution of the neutral baryons is desribed shortly in Chapter 8. The reonstru-tion of � partile an be made using the same algorithms as K0S � thus only the importantdi�erenes are disussed. The absolute measurement of neutral baryons is however di�ultdue to extrapolation of the transverse momentum spetrum and the substantial feed�downorretion impossible to reonstrut in CERES setup. The results obtained will be brie�yompared to other experiments.The �nal hapter will give an overview the most signi�ant onlusions from preedinghapters and summarize the results. In this hapter the interpretation of the results withinthe systematis of strange partiles prodution will be given.In this thesis a mixed unit system is used. The plots and numerial values follow theexperimental tradition with the speed of light written expliitly. The formulae follow thetheoretial tradition and the speed of light is omitted. The temperature is expressed inMeV.
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2 The CERES experimentThe CERES/NA45 experiment was build for the study of di-lepton prodution in theintermediate mass region. Data from the �rst runs established the enhanement of the di-leptons in heavy ion indued reations with respet to hadroni oktail and referene p-Beollisions. For a reent review of the di-lepton results from data olleted in 1995�1996see Ref. [24℄.In the original setup the momentum measurement was possible only for the eletrons. Withthe installation of the radial TPC in 1998 and hange of the magneti �eld the CERESalso beame a hadron spetrometer. The CERES detetors have ommon aeptane inthe polar angle of 80 < �lab < 150 and have full azimuthal overage. The spetrometerovers a broad range of transverse momentum in the bakward hemisphere.2.1 Experimental setupThe CERES setup as operated during data taking in the fall of 2000 is shown in Fig.2.1. The reations were indued by a lead beam with momentum 158 GeV/ per nuleon,whih gives enter of mass energy of ps = 17:3 GeV.The lead beam enters from the left side and hits a gold target segmented into 13 sub-targets. The gold disks are 25�m thik and are separated by 2 mm. The geometry ofthe sub-targets is suh that the seondaries within the aeptane do not ross the othertargets. The segmentation of the target with the geometry explained above redues thedi-lepton bakground from onversions  ! e+e�.The entral PbAu ollisions are seleted using a trigger onsisting of three Beam Counters(BC) and the Multipliity Counter (MC). Two ounters, BC1 and BC2, are loated beforethe target and BC3 is downstream of the target. The oinidene of two ounters BC1and BC2 gives the BEAM trigger. The disappearane of the beam partile � no signal inBC3 � indiates a nulear reation, the minimum bias trigger (MINB) is �red by BEAMtrigger with anti-oinidene of BC3.The entrality of the event an be approximated by the multipliity measured by the Mul-tipliity Counter (MC). The signal from MC above the threshold with the MINB trigger19
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Figure 2.1: The CERES setup.gives a trigger for the entral events CENT. During data taking in 2000 the experimentalprogram was onentrated on olleting a large number of entral events. Minimum biasevents and beam triggers were olleted for the absolute alibration of the entrality andfor multipliity measurement.The �rst detetor registering the partiles reated during the ollision is the silion traker(SD) omposed of two layers of silion drift detetors. Besides the traking, the task of thisdetetor is the reonstrution of the primary vertex. In this K0S analysis the informationfrom SD was not used.After SD the traks ross two Ring Imaging Cherenkov (RICH) detetors. The Cherenkovlight emitted by eletrons and high momentum traks in radiators is re�eted by themirrors and registered by the UV detetors loated behind the target. Those detetors arethe bakbone of the old CERES setup and are the main devie used to identify eletrons.In this analysis, the data from RICH detetors will not be used.The main traking devie in the CERES setup is the radial Time Projetion Chamber(TPC) loated 3:4 m downstream of the target. Before the TPC the partiles run in amagneti �eld-free region, the TPC is immersed in the push-pull magneti �eld shiftingthe traks in the azimuthal diretion (phi-kik) depending on their momentum. The reon-20



Figure 2.2: The CERES Time Projetion Chamber.strution of the de�etion in the magneti �eld allows the measurement of the momentumof the harged partile.2.2 CERES TPCThe TPC is a three dimensional detetor allowing trak reonstrution and partile iden-ti�ation using spei� energy loss dE=dX. The detetor has a ylindrial shape and theative volume have the size of 9 m3. The detetor is skethed in Fig. 2.2.When a harged partile travels in a gas, in this ase a mixture of Ne/CO2 in a proportion80=20, it ionizes atoms. The energy loss depends on the momentum of the partile andis desribed by the Bethe�Bloh formula. The primary eletrons travel along the eletri�eld toward the outer shell of the ylinder where they trigger an avalanhe. The generatedsignal is registered by the eletronis loated at the outer shell.The TPC is segmented into 16 hambers in the azimuth. Eah hamber has 20 rows in thebeam diretion and every row is segmented into 768 pads in azimuth. The third, radialoordinate is obtained using the arrival time of the ionization eletron and is segmentedinto 256 bins. In total the number of eletroni hannels is a quarter of a million and thenumber of pixels inluding the time diretion is 6� 107. 21
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Figure 2.3: Left: number of events per burst. Right: number of �les per alibration unit.The trak reonstrution algorithm is optimized for primary traks. The traking operatesin the ylindrial oordinate system (�; �; z) and the results are provided in the spherialmomentum spae (p; �; �).The trak is reated from an array of subsequent hits in the beam diretion and the trakshave a maximum of 20 hits. This value dereases at the border of aeptane. Duringthe hit searh in the (�; z) plane the trak is required to be a straight line pointing at theprimary vertex. In the azimuthal plane the loation of the trak's hits is predited usingtemplates generated with simulations.The spei� issues of the traking performane relevant for the reonstrution of the weaklydeaying seondary partiles will be disussed in the hapter on data analysis.2.3 Data proessingThe data are organized in the following way. One �le stores data obtained in one burstof the aelerator with typially around 400 events. The distribution of the number ofevents in a burst is presented in Fig. 2.3. The bursts with a higher number of events arefrom minimum bias runs. The bursts are organized in alibration units where every unitorresponds to one diretory, a typial unit has 200 bursts. The number of �les per unitis shown on right panel of Fig. 2.3. The alibration units are also used as pakets of datafor proessing and analysis.Data proessing is a multi-step proedure. In the CERES ollaboration these steps arenumbered step0, step1, step2, step2+ and step3. The �nal prodution step3 is subdividedfor the analysis of the harged traks (step3) and for the eletrons (step3e). Currently,the physis analysis is performed using the step3 prodution.22



total number of runs 521total number of runs with 1 burst 51total number of bursts (�les) 106 666total number of events 38 473 269total amount of data aumulated 18.5 TBTable 2.1: Summary of DAQ system performaneThe output data strutures of the step2 prodution ontains events with the reonstrutedtraks and the reonstruted hits belonging to traks. Step2 an be used for the physisanalysis but the size of total data sample is around 20 TB and is stored on tape robot atthe CERN omputing enter. Proessing the full sample requires a time onsuming datastaging from tape to disk.The idea of step3 prodution is to perform a better alibration and redue the size ofdata. The data ompression was ahieved mostly by the elimination of the spae pointsfrom the TPC whih was possible after areful alibration. The output strutures ontainonly event information and traks with the parameters with diret interpretation (eg.momentum). The total data size is around 3:6 TB. The redution in size enables storingdata diretly on disks whih eliminates tape staging time.The momentum alibration is alled step2+ and is based on the detailed analysis of theeletri and magneti �elds inside the TPC. Additional heks are performed by reon-strution of the position of the � and � invariant mass peak. The details of the alibrationare presented in Ref. [25℄. The results of step2+ are used during the re�tting of the traksduring step3 prodution.Two step3 produtions were reated. This work used the seond prodution step3 v2performed on the CERN bath farm during August�Otober 2004. The output data,around 3:6 TB, was subsequently opied over the network to GSI and loated on the diskservers. The servers were initially operated using NFS protool. Due to low performane ofthe NFS protool in the GSI environment the more basi SCP protool was later employed.The results presented in this work were obtained on the GSI bath farm.At every step of data proessing additional information is stored into log �les. Finallythose �les were uploaded into a relational database. The open soure MySQL databaseserver [26℄ was hosen for storage of the log information.The summary of the DAQ performane is provided in Table 2.1. In total 38 million eventswere olleted, inluding laser runs. The raw data olleted by the experiment is 19 TB.The step2 prodution was performed in three parts � prod012, prod013 and prod14. thisnaming onvention was used also in step3. The prodution prod012 ontains data samples23



prodution name �les in step2 events in step2 events in step3NULL 15 354 4 789 741prod012 61 069 23 633 311 23 165 212prod013 28 936 9 389 304 8 613 575prod014 1307 660 913 151 655Table 2.2: Number of events and �les in the step2 and step3 produtionswith entrality � = 7%, the prodution prod013 ontains data samples with entrality� = 20% and the data with the reversed magneti �eld. The last prodution, prod014,ontains speial events inluding empty target. The number of �les and events for everyprodution is shown in Table 2.2. The prodution marked in table as NULL ontainslaser events and was proessed in a di�erent shema not disussed here. In this analysisprodutions prod012 and prod013 without the reversed �eld were used. This sample isontained in around 85 000 �les.
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3 Feasibility study of the strange meson produtionmeasurement in the CERES experiment3.1 Methods of identi�ation of the strange mesonsCharged strange mesons an be identi�ed using three di�erent signatures: spei� energyloss dE=dX, identifying the kink from deay K+ ! �+ + � or tree body deay K+ !�+�+�� alled � deay. Neutral strange meson K0S an be identi�ed by deay into twopartiles K0S ! �+��.Eah of the measurements requires di�erent properties of a detetor. The measurementusing spei� energy loss needs preise measurement of the ionization energy, whih an beahieved with a large TPC. This measurement, independently of the detetor resolution,is limited to the momentum region where kaons are separated from other partiles, mostlypions. This limitation is partiularly important in the �xed target experiments where thetotal momentum is dominated by the longitudinal momentum originating from the boost.In the CERES setup the average momentum to transverse momentum ratio is p=pT � 5 .The measurement of harged kaons using the kink deay topology, K+ ! �+ + �, needsa large detetor in the homogeneous magneti �eld to measure the momentum of bothharged kaon and muon. A large detetor is also needed to inrease the probability of adeay in the TPC.The K+� deay into tree pions took its name from the topology observed in the bubblehamber in the homogeneous magneti �eld. The three outgoing partiles reate a � shapea unique signature for the K+� . The observation of two partiles, � and �, with the samemass and lifetime but with di�erent parities lead to the question of violation of parity inweak deays [27℄. In a non-uniform �eld, reonstrution of the tree traks meeting at onepoint is more ompliated.Deay of theK0S into two pions seems the most promising detetion method for the CERESsetup. The strange mesons an be identi�ed as a peak in the invariant mass spetrumof the deay produts. The large ombinatorial bakground an be ompensated eitherby the large amount of data available for statistial analysis or topologial uts on thereonstruted seondary vertex. 25



In this feasibility study the hadroni deays of neutral and harged kaons will be disussed.Two senarios of the reonstrution setup will be desribed and ompared.3.2 Reonstrution senariosThe feasibility of four senarios for the reonstrution of strange mesons were studied, twofor harged and two for neutral kaons:� K0S ! �+��, where both pions are deteted by the TPC. Sine the TPC is loated3:8 m downstream all K0S will deay before the TPC. The �duial volume, set ar-bitrarily to �z < 100 m, was hosen due to deterioration of the TPC momentumresolution for the non-primary partiles. The disadvantage of this topology is poorseondary vertex reonstrution apabilities of the TPC alone.� K0S ! �+��; where pions are deteted by the TPC and silion detetors. Theadvantage of this topology is a very good vertex reonstrution apability of thesilion detetors. This topology has limited �duial volume due to the ondition�z < 4 m and thus the aeptane is smaller than in the senario with the TPCalone. Sine deay position depends on the momentum � = �� , this topology willsuppress the high momentum traks.� K+ ! �+�+��alled K+� , with deay point before the TPC. When this topologyis observed inside a large bubble hamber in a homogeneous �eld it has the shapeof a letter � and three seondary traks meeting at one point give a lear signal ofa K+� . This advantages an not be used in the CERES setup in a straightforwardway due to the relatively small TPC and mostly due to the inhomogeneous �eld.This topology an nevertheless be used with the deay point before the TPC andthree pions reonstruted in the TPC. The main disadvantage of this topology isrelatively low branhing ratio r = 5:6% and relatively long deay length of K+,� = 3 m. The upper limit on the longitudinal oordinate of the deay lengthhas to be lower than the position of the TPC, while on the other hand momentumresolution deteriorates for non-vertex traks. For this study the �duial volume inthe longitudinal oordinate was set to �z < 100 m. Probably a longer �duialvolume an be used.� The K+� topology with deay before the SD. This topology has a very small ross-setion due to the low branhing ratio and signi�antly redued �duial volume�z < 4 m. This topology is similar to that of D+ deay. If this topology an be26



observed, with the help of the vertexing possibilities of the silion detetors it anbe used for the tuning of the uts for D+ reonstrution.3.3 Aeptane simulation programThe program to study the aeptane and kinemati properties of deay produts was de-veloped in the Root environment [28℄. The standard lasses were used for random numbergeneration, relativisti transformations, 2� and 3�body deay simulation and �nally fordata storage and visualization. The program does not inlude simulation of the propa-gation of the partiles in the magneti �eld, multiple sattering, detetor �ne-strutureor response. The proedure was kept simple to estimate gross properties of the di�erenttopologies.The simulation proedure is the following:� Momentum vetors of a number of primary K0S or K+� are generated aording to thethermal distribution. Transverse momentum follows mT exponential distribution:dNdpT = pT exp0��qm2 + p2TT 1A (3.1)where m is the kaon mass, pT is the transverse momentum, and T is the inverse slopeparameter, set to T = 220 MeV. Rapidity follows Gaussian distribution with width� = 1:1 and azimuthal distribution is �at. For more e�ient study of the detetoraeptane a �at distribution of transverse momentum, rapidity and azimuth an beused. Additionally di�erent inverse slope parameters were used, to estimate proper-ties of deay in relation to partile momentum omposition. Sine this simulation isfor qualitative study, the parameters of the simulation are not exat values expetedfrom the systematis of strange partiles prodution.� Partiles are boosted by the rapidity y = 2:913 for the 160 GeV= ase and y = 2:265for the 40 GeV/ senario.� 2�body deay for K0S and 3�body deay for K+� is simulated. Deay is realized bythe standard lass TPhaseSpaeGen.� Primary partile: K0S or K+� are aepted if two riteria are ful�lled:� polar angle of all seondary pions is in the aeptane 80 < �lab < 150 27
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Figure 3.1: Aeptane in the transverse momentum � rapidity spae. Upper row: K0Sdeaying before the TPC (left) and the SD (right). Lower row: K+� deayingbefore the TPC (left) and the SD (right)� deay point is in the �duial volume of � < 100 m for the TPC and � < 4 mfor the setup TPC�SD� Both primary partiles and deay produts are stored in a Root tree as TPartileobjetsAdditionally, for 2�body deay additional ut on opening angle  > 0:01 rad, orrespond-ing to double trak resolution of the CERES TPC an be applied.3.4 Aeptane for di�erent senariosThe aeptane in the transverse momentum � rapidity plane for the four senarios isshown in Fig. 3.1, where the solid lines represent onstant polar angle of the kaon of80(higher rapidity), 120and 150. Dashed lines represent onstant momentum of the kaonof 2, 4, 6, 8 and 10 GeV/. For both ases: K0S and K+� the primary trak is pointing28
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Figure 3.2: Longitudinal oordinate of the deay vertex for K0S(left) and K+� (right)into the inner part of the TPC � for K0S the polar angle is less than � < 100 and for K+�it is around 80. The struture of the signal for K0S looks more promising for the studiesof the strange meson prodution, sine it is onentrated in a box shape with rapidity2 < y < 2:6 and transverse momentum pT < 2:5 GeV/. The signal for K+� have a bananatype struture along polar angle � ' 80; the rapidity spans one unit from y = 1:5 toy = 2:5 but the transverse momentum is nowhere fully represented.The distribution of the longitudinal oordinate of the deay vertex for K0S and K+� isshown in Fig. 3.2. Most of the K0S deays in the �rst 50 m while distribution of K+�deay length is pratially �at in the �duial volume from vertex up to the TPC. Thestruture of the deay length is a onvolution of the partile intrinsi deay length and �fator.The distribution of the � for the four senarios is shown in Fig. 3.3. For K0S � peaksat around 5 and then drops to zero. The distribution is di�erent for the setup with theTPC and the TPC-SD. The suppression of high � traks, due to limited �duial volumeis learly visible. For K+� the distribution of � does not di�er between the two senarios,and the distribution is a broad peak from 3 to 10.The overall aeptane for the senarios presented varies by three orders of magnitude.The highest aeptane � = 4:3% have the K0S topology without SD detetors. With therequirement of the deay before SD the aeptane drops by a fator of 5 to � = 0:79%.The aeptane of the K+� with deay before the TPC is as low as � = 1:4 � 10�3 andwith the requirement of a deay before the silion detetors the aeptane drops 25-foldto � = 6:1 � 10�5. The values presented are olleted in the Table 3.1. The numberspresented above vary slightly when modifying the inverse slope parameter. In general,higher transverse momentum traks have greater aeptane in the K0S deays with theTPC alone and lower aeptane in the remaining senarios. 29
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Figure 3.3: Distribution of � for K0S(left) and K+� (right). The red line is for the setupwith the TPC only and the blak for the setup with the TPC+SD. Histogramsare saled to �t in the integral.
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Figure 3.4: Estimation on the invariant mass resolution for K0S (left) and K+� (right).The simulation proedure an be upgraded with the simple model of invariant mass res-olution. The momentum of eah trak is smeared aording to the Gaussian distributionwith the width:�p=p = 0:02 + 0:01p (3.2)and the spread of the angles smear is �� = 3�rad and �� = 3�rad. With this simplesmearing, the resolution of the invariant mass an be estimated. This estimation does notrepresent the detailed struture of the detetor and multiple sattering but an be used toestimate the order of magnitude of the the invariant mass resolution. The distributionsare shown in Fig. 3.4. The resolution is 10 MeV/2 for K0S and 4 MeV/2 for K+� . It annevertheless be expeted that the true resolution will be worse than the simulated one.30



K0S TPC K0S TPC-SD K+� TPC K+� TPC-SDaeptane (�) 4:265 � 10�2 7:95 � 10�3 1:462 � 10�3 6:16 � 10�5branhing ratio (rB) 68:61 � 0:28% 68:61 � 0:28% 5:59 � 0:05% 5:59 � 0:05%overall signal 5:8 � 107 1:1 � 107 1:6 � 105 6:9 � 103bakground 7:5 � 1010 9 � 1011noise 2:7 � 105 9:5 � 105overall signi�ane 215 0:17Table 3.1: Numerial values for the signal, bakground and signi�ane.3.5 Estimation of the signi�aneIt an be estimated if a given topology an be observed with the available statistis withoutany kinemati or geometrial uts. In the ase where the topology an not be observedwithout uts it an be alulated how strong suppression of the bakground is neessaryto observe the signal. For this study an estimation of the bakground is neessary, inaddition to estimating the signalThe expeted signal S an be alulated aording to the formula:S = Nng�rB� (3.3)where: N is the number of available events, n is the expeted multipliity of the investi-gated partile, g� is the fration of the signal in the peak in the invariant mass spetrum,rB is the branhing ratio and � is the aeptane for a given topology.For the �rst approximation the number of expeted kaons of every type an be set at100 per event. The number of events olleted by the CERES experiment is 3 � 107, thearea of the aepted signal was set to �� and thus g� = 0:68. The numerial values forthe branhing ratios and aeptane as well as the �nal value of the expeted signal arepresented in Table 3.1.Also the bakground an be estimated with the simulation study. It is important to notethat the bakground estimated by the presented simulation an be used only for studies ofthe senario feasibility. It an not be used to subtrat ombinatorial bakground from theinvariant mass spetra reonstruted obtained with real data. The later appliation willneed very preise estimation of the bakground and will be disussed in the next hapter.The simulations proedure is the following:� The number of primary positive pions is generated with the transverse momentumfollowing Boltzmann distribution with the inverse slope parameter T = 170 MeV,31
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Figure 3.5: Combinatorial bakground for 2�body K0S deay (left) and 3�body K+� deay(right). A red box represents the position of the kaon peak.rapidity following Gaussian distribution with width � = 1:1 and �at in the azimuth.The ut on the polar angle of 80 < � < 150 is applied. The same proedure isrepeated for negative partiles. The number of both positive and negative pions inthe aeptane equals 300 and orresponds to the number of traks in the CERESTPC.� The invariant mass spetrum is alulated for all pairs for the K0S ase and all triplesfor the K+� ase to simulate the ombinatorial bakground. The resulting spetrumis stored in a histogram.� The most important limitation of this estimation of the bakground is the lak ofdependene on geometrial uts. Those issues an only be properly addressed withthe full Monte-Carlo simulation. The spetrum does not ontain any additional uts,in partiular the ut on the relative azimuthal angle in ase of the K+� study willhange the shape of the spetrum at masses above the kaon mass.The resulting invariant mass distributions shown in Fig. 3.5 represent the ombinatorialbakground for one event. For the K0S , the signal sits behind the maximum of the ombi-natorial bakground, for K+� the signal sits at the rise of the bakground. The rise of thebakground is very steep for K0S and moderate for K+� . For K0S the number of bakgroundentries, in the same range as for the signal, is at 2:5 � 103 and for K+� it is at 3 � 104. Thenumber of bakground entries for the whole data set is shown in Table 3.1.The expeted signi�ane � an be estimated with the approximate formula:� = S=�(B) = S=pB = NnrB�pNb = 1pN nrB�b (3.4)32



where: S is the total signal as alulated above, B is the total bakground and �(B) isthe �utuation of the bakground. Sine the bakground follows Poisson distribution the�utuations of the bakground equal �(B) = pB where b is the bakground per event andN is the number of events.The results of the alulations for the setup with the TPC only is shown in the last rowof Table 3.1. In the ase of K0S the overall signi�ane is around 200 and in the ase ofK+� the signi�ane without topologial uts is 0:17 � an order of magnitude less thanstatistial �utuations.From the estimation of the signal and the bakground the number of events neessary toobserve a signi�ant peak S = 3N = p9B an be alulated. The formula reads:N = 9b(ng�rb�)2where N = 9 � 2:5 � 103=(102 � 0:7 � 0:68 � 4:2 � 10�2)2 = 1 � 104 events. With this numberof events a peak in the invariant mass should be detetable.3.6 SummaryThis short simulation shows that it is possible to reonstrut the spetrum of the K0S withthe TPC alone without topologial uts. The aeptane has a box shape whih will helpin the �tting of the transverse momentum spetrum.This senario would allow the study of the neutral strange meson prodution in the rapidityregion spanning 0:6 units, in the range 2:0 < y < 2:6. The limit on the transversemomentum an not be addressed in this simulation. On one hand, the aeptane growswith transverse momentum, on the other hand the momentum resolution drops and thepeak beomes wider and thus the extration is more di�ult.From the point of view of the analysis presented in this hapter one an not fully omparethe senario with and without SD. Both methods have di�erent experimental di�ulties� for the senario without the uts, the main di�ulty is the large bakground and forthe senario with SD and topologial uts the main di�ulty is estimation of the e�-ieny. Both measurements are omplementary and will give additional insight into thesystematial error.The identi�ation of the K+� will need extremely strong topologial uts to suppress thebakground. The full reonstrution of the K+� spetrum will have to solve two issues �preise simulation of the strong topologial uts and the �t of the transverse momentum33



spetrum to obtain a total yield. Another possibility is to reonstrut only the ratio of theK+=K� and ombine the ratio with the mean value of 0:5 � (K++K�) whih is equal toK0S .

34



4 Reonstrution of the K0S in the CERES dataThe reonstrution of the physial quantity from the experimental data is a multi stepproedure. The �rst steps, ommon to every analysis of CERES data were desribed inthe previous hapter.The K0S reonstrution proedure is deomposed into two parts. The �rst part, data pro-essing, is responsible to reate histograms of the signal and the bakground for everytransverse momentum � rapidity bin as well as a number of histograms for quality assur-ane. This hapter will fous on the issues of data proessing, in partiular on the properestimation of the bakground. The input for data proessing are traks, the output arehistograms of the invariant mass spetrum.Seond part of the reonstrution, the �nal analysis, deals with the extrations of the K0Speak and ombining the raw yield from data with the e�ieny obtained from Monte-Carlostudies. This proedure will be desribed in Chapter 6 after desription of the Monte-Carlosimulation in Chapter 5. The output of this analysis are the transverse momentum andrapidity spetra of the K0S , quantities that ould be diretly interpreted.4.1 StrategyThe main devie of CERES in the run 2000 is the radial drift TPC. The traks from theTPC an be ombined into pairs and the invariant mass will give a signal of K0S . Theadditional information of the topology of the traks oming from K0S an be used.One option is to reonstrut a position of the seondary vertex using TPC traks. Thetraks reonstruted by the TPC are in a one, thus the reonstrution of the rossingpoint is di�ult. The resolution of the seondary vertex reonstrution with the TPCalone, in longitudinal diretion, is around 6 m [29℄. The distribution is not Gaussian andhave long tails, thus the ut is not very e�etive in removing the bakground.The preision but also the level of ompliation of the reonstrution an be inreasedusing the information from the silion detetors. One option, as disussed in the feasibilitystudies, is to make full reonstrution of the kaons deaying before silion detetors. This35



possibility was explored in details in another projet desribed in Ref. [30℄. The maindisadvantage of this approah is heavy dependene on the results from the Monte-Carlostudies.For neutral kaons deaying after the silion detetors the absene of the SD hit an be usedas an additional information. Anti-mathing ut an signi�antly redue the bakground,at a prie of undetermined reonstrution e�ieny.Finally, the simplest option was hosen, to not use any topologial information. In short,the disadvantage of the CERES setup � low vertexing apabilities � is at the same time itsimportant advantage � the e�ieny of the trak reonstrution does not depend stronglyon the origin of the trak. This features relaxes the dependeny on the e�ieny estimationusing Monte-Carlo simulations.4.2 Reonstrution hainThe programs to proess data were developed in the Root environment. They are om-posed out of a few lasses for the atual proessing and maros for graphial presentation.The proessing was performed using the bath farm at GSI ontrolled by the LSF bathjobs system. The job submission is data-driven, for every unit one job is submitted.The proessing program starts with loading a hunk of data into the memory. The internalrepresentation of the traks is in the polar oordinate spae (p; �; �). This representationis the losest to the atually measured.In ase of the K0S analysis all partiles are assumed to be pions. In priniple some seletionan be made to suppress protons and harged kaons; however, this proedure would notimprove the signal muh but would bring another soure of systemati error.To have a hoie of events for the event mixing, it is onvenient to have as many eventsat one in a memory as allowed by the omputing resoures. For that sake an e�ientrepresentation was developed. The traks were stored in plain tables using single-preision�oating-point numbers. This representation allowed loading 20 onseutive bursts, whihgives around 6000 events.4.2.1 MomentumIn the CERES setup two estimations of the momentum are used, based on two or three-parameter �t. These momenta are referred as por2 and por3 respetively. Two-parameter�t takes into aount the vertex as one of the points. For high momentum, rigid traks,36



when the displaement in the magneti �eld is small, the additional distant point at verteximproves the momentum resolution. This is not the ase for the low momentum traks.The resolution of low momentum traks is limited by the multiple sattering and distantpoints do not improve it.Sine the expeted preision as a funtion of the momentum is known, one an reateombined momentum (pomb) taking weighted average of the two and taking into aountthe expeted resolution:pomb = p2=�22 + p3=�231=�22 + 1=�23 (4.1)where p2 and p3 are the momenta from the two and three-parameter �ts respetively andthe resolutions �2 and �3 are alulated:�22 = �220 + (�21 � p2)2 (4.2)Using the parameters: �20, �21, �30 and �31 obtained by the simulation studies.For most types of the analyses using ombined momentum provide the best resolution,but the situation hanges while disussing seondaries. Using ombined momentum ouldimprove the resolution for high momentum neutral kaons, but the high momentum meansalso high � and deay far from the vertex. The peak resolution as a funtion of themomentum and rapidity of the primary kaon for both reonstrution strategies usingpomb and por3 is studied in details in Chapter 5. During the proessing stage bothmomentum options were used; however, in the �nal results, presented in Chapter 6, thethree-parameter �t was employed.4.2.2 Azimuthal and polar angleIn the CERES setup two methods of the reonstrution of the angles are used. The mainmethod was optimized for the primary traks. The seond method whih is atually usedfor K0S analysis was initially used as an intermediate step of the traking; only reentlywith the prodution step3 v2 the loal angles were stored on tape.During the travel of the traks from �reball to the detetor without magneti �eld, thepolar and azimuthal angles of position and momentum are the same. During reonstru-tion, the traks found in the TPC where propagated to the most probable plae of thesattering � the mirror of the seond RICH detetor (R2M ). The polar oordinates of theintersetion of the propagation with the mirror are used as the polar oordinates of themomentum. This proedure improves the resolution at a prie of foring the origin of the37



traks to the primary vertex. In this analysis these angles are used for the uts on the�duial volume of the trak, but are not the optimal hoie for the reonstrution of theneutral kaon peak.For atual reonstrution the loal angles are used. The angles are realulated from thefour original parameters of the �t X0, X1, Y0 and Y1, that represent the o�set and theslope of a straight line. From these parameters the loal angles �L and �L are alulated:�L = artan�x �X1 + y � Y1r � (4.3)�L = artan (X1=Y1) (4.4)where r = px2 + y2 and the oordinates x and y are alulated at a given plane z:x = X0 + z �X1: (4.5)Summarizing, the best estimation of the angles for the analysis of the primary traks isprovided by the R2M angles and for the seondaries by the loal angles. For internaltraking usage and for study of the double trak resolution additional angle is provided �the � angle of the �rst hit in the TPC.4.3 Data seletionThe data sample for the analysis was prepared with a set of uts. Four types of the utswere used: event uts, events assoiation uts, trak uts and �nally pair uts. Also �fthtype of the uts was tried � a ut on a single trak, belonging to a given pair. This utwas initially intended for the removal of the traks from the onversions, but in the �naldata reported here the ut was not used.4.4 Event utsEvent uts are designed to prepare a lean sample of data within a given entrality lass.The event uts are applied before traks are loaded, using the variables �lled during dataprodution.38
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Figure 4.1: Before-after protetion. Time to the previous (left) and to the next event(right) bit number desription number0 beam 292 5621 minimum bias 462 0892 entral events 31 022 6538 random pulser 141 61812 TPC laser 11 925Table 4.1: Trigger odes and the number of triggers4.4.1 Beam and triggerThe �rst event ut is on the signal from the beam ounters BC1 and BC2. The distributionsof the BC1 and BC2 were alibrated during step0 prodution to be entered at 0 and havethe width equal � = 1. The ut was plaed at B 2 (�3; 3).To prevent overlapping events in the TPC a ut on the time to proeeding and followingbeams is applied: �t > 1000�s. The Fig. 4.1 shows the distribution of the time toprevious (left) and next (right) event. This ut was applied on-line during most of thedata taking period, thus the ut removes only small fration of the data sample.After the ut on the onditions of the event, the trigger ut was applied. Codes for triggerand the number of events are presented in Table 4.1. Only entral events with ode 2 wereseleted.4.4.2 Impat parameter and the entralityThe geometry of two approahing nulei along the beam axis are depited in Fig. 4.2.The event is haraterized by the impat parameter b. The impat parameter, togetherwith the type of the nulei and the beam energy de�nes the onditions of the ollision.39
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Figure 4.2: Geometry of two approahing nulei in the transverse planeExperimentally, the impat parameter is not measurable diretly; instead, two methodsare used to measure the entrality of the ollision. The �rst method is a diret mea-surement of the spetators using Zero Degree Calorimeter (ZDC). With the number ofspetators measured, one an alulate the number of partiipants and using some modelof the ollision alulate the impat parameter. It is interesting to note, all four RHICexperiments have the same type of ZDC detetors whih help omparing the entrality inthe model independent way [31℄.Another possibility is based on the assumption, the energy dissipated during the ollision,re�eted in the total multipliity, is a measure of the entrality. The entrality is mea-sured as a fration of the geometrial ross-setion (�G), de�ned as the quantiles of themultipliity distribution of the minimum bias events:f�(M) = Z MmaxM dm n(m)N (4.6)where f�(M) is the fration of the geometrial ross-setion for a given ut on the minimummultipliity M , n(m) is the number of events with the multipliity m in the min�biassample and N is the total number of events in the min�bias sample. Atually the frationof �G are not exatly quantiles, beause the entrality is inversely orrelated with themultipliity. The fration of the geometrial ross-setion f� = q orresponds to quantile1� q.To determine the entrality, one does not need an absolute measurement of the multipliity,a relative measurement is su�ient. Sine the number of traks is a subjet of statistial�utuations, it is also important to over a large part of reated traks.This method of the entrality measurement is used by the CERES experiment. Totalmultipliity an be measured in the traking detetors: the TPC and SD as well as inthe hadroni alorimeter Multipliity Counter (MC) measuring the total multipliity. The40
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Figure 4.5: Multipliity in the TPC.
0 5 10 15 20 25

610×
mult. TPC (19.17 M)

centrality MC (19.35 M)

trigger (23.95 M)

before-after (23.97 M)

next beam (24.43 M)

tape (25.00 M)

fraction rejected (%)
0 2 4 6 8 10 12 14 16 18 20 22 24

all steps (23.32 %)

multiplicity TPC (0.91 %)

centrality MC (19.23 %)

trigger (0.08 %)

before-after (1.86 %)

next beam (2.29 %)
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Figure 4.8: Distribution of the number of �tted hits as a funtion of the polar anglerange � 2 (0:22; 0:28) rad the number of hits falls slowly with �. On the basis of thepresented distribution the ut an be applied on theta around � 2 (0:12; 0:28) and a uton the number of hits depending on � like:Nhits � 10 � 2 (0:12; 0:22)Nhits � 10� (#� 0:22) � 150 � 2 (0:22; 0:28) (4.8)There is a strong orrelation between the polar angle and the maximum possible numberof hits; thus, the ut on the number of hits independent on the polar angle is an impliitut on the polar angle in the range � > 0:22 rad. The distribution of the number of hitsis shown in Fig. 4.9, for positive and negative traks. The shaded area represents seletedregion.44
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Figure 4.9: Distribution of the number of hits for positive (left) and negative (right) traks.Shaded area shows the seleted region
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Figure 4.10: Distribution of the polar angle for positive (left) and negative (right) traks.Shaded area shows the seleted region
The distribution of the traks in the polar angle is shown in Fig. 4.10. The left panelshows the positive and the right panel the negative harge. The distribution is peaked at� ' 0:13 rad. and falls rapidly toward low angles and slowly to high angles up to � ' 0:24rad. then a shoulder is visible. This shape is dominated by the geometry of the TPC. Theseletion of the polar angle has signi�ant impat on the signal in some rapidity ranges.Making too onservative ut will remove signi�ant part of the signal, on the other handtoo generous aeptane an lead to problems is reproduing the e�ieny in the Monte-Carlo studies. A reasonable hoie to plae the ut, justi�ed by the simulation studies, is� 2 (0:13; 0:26) rad. 45
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Figure 4.11: Distribution of the transverse momentum for positive (left) and negative(right) traks. Shaded area shows the seleted region4.5.2 Transverse momentumIn the CERES setup the traking e�ieny deteriorates at low momentum and at highmomentum the resolution su�er. The minimum possible momentum ut is plaed atpT > 100 MeV/ and the safe ut, used for most of the analyses is set at pT > 150 MeV/.It is di�ult to use the safe ut in the reonstrution of the K0S . For low momentum kaonsthe deay topology is the following: the primary kaon moves along the beam line anddeays into two pions bak-to-bak. The deay momentum of the K0S is q = 209 MeV/and this is pratially the only soure of the transverse momentum, thus eah pion takesaround p ' 200 MeV/ and depending on the orientation a part of this momentum goesinto transverse plane. With the ut of pT > 100 MeV/ there is plenty of signal inlow transverse momentum bin but with the ut pT > 150 MeV/ the signal pratiallydisappear. Thus the low momentum ut was set at pT > 100 MeV/. The high transversemomentum ut was set at pT < 2 GeV/ and this ut have little in�uene on the �nalsignal.The distribution of the transverse momentum is shown for positive and negative traksseparately in Fig. 4.11 with the seleted region marked as shaded.4.5.3 Trak uts e�ienyThe Fig. 4.12 shows diagrams of the uts e�ieny, the right olumn for positive and theleft for negative partiles. The numbers are essentially the same. Most of the traks areremoved due to the ut on the �duial volume in the polar angle. The next important utis on the number of �tted hits. Overall around 42% of all traks are removed.46
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4.6 Invariant mass spetrumFor every pair of a positive and a negative trak a 4-vetor an be alulated representingthe sum of the two vetors:E = E1 +E2p = p1 + p2 (4.9)where the p1 and p2 are the measured momentum 3-vetors of the inoming partiles andE1 and E2 are alulated energies E = pm0 + p2, and m0 is the pion rest mass. From theomponents of the 4-vetor � (E; px; py; pz) one an alulate invariant mass, transversemomentum and rapidity of the primary partile:m�� = qE2 � p2 (4.10)pT = qp2x + p2y (4.11)y = 12 log�E + pzE � pz� : (4.12)Most of the pairs are random ombinations and only a small fration omes from the K0S .These pairs shall be visible as a peak in the invariant mass spetrum.The distribution of the invariant mass is shown in Fig. 4.13. The spetrum starts atmass twie of the pion mass and rises sharply up to m ' 0:35 GeV and then falls slowly.The signal of the K0S is too weak in omparison with the ombinatorial bakground to bevisible.To observe a signal an estimation of the ombinatorial bakground have to be reated.This is done using the event mixing proedure. The simplest implementation of the eventmixing proedure is the following:� the events are grouped into pairs, every odd event (n) is math with the next event(n+ 1)� four sets of trak pairs are reated:� same events � Nn � Pn, Nn+1 � Pn+1� mixed events � Nn � Pn+1 and Nn+1 � Pn, where Nn stands for a set of allnegative traks in the n-th event and Pn for a set of positive traks in n-thevent.48



)2 (GeV/cπ πm
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

)2 (GeV/cπ πm
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

d
md
N

0

0.5

1

1.5

2

2.5
910×

Figure 4.13: Invariant mass spetrum. Red points: same events, blak points: mixedevents saled to math in integral.The ratio of thus reated spetra shall be equal to unity, exept for the signal of thedeaying partiles, among them K0S . The real distribution presents a more ompliatedstruture and it is shown in the �rst panel in Fig. 4.14, after subtrating the unity. Themixed events were saled by a fator of 1:0293 to math the same events spetra in theintegral, the origin of the di�erene in the number of pairs will be disussed below.The distribution have a harateristi U�shape with the minimum aroundm ' 0:9GeV/2.The variation of the ratio is on the level of 2 � 10�3. Three peaks are visible: the K0S peakat the position m�� ' 0:5 GeV at the level of 10�3 and additionally a narrow peak atm � 0:35 GeV and a broad and weak peak at m ' 0:7 GeV. Those additional peaks an bedue to additional partiles eg. �, onversions or they an be onneted with the variationof the bakground.The next panels shows the di�erene between invariant mass spetra of same and mixedevents � the signal. A lear peak of K0S is visible. The high signal at very low m�� an beattributed to onversions. The same plots of ratio and di�erene are repeated in the nextrow, foused on the region of interest.The signal of the K0S is visible, but extrating it from the spetrum presented here withthe preisions greater that 20�30% is pratially impossible. The simple method of eventmixing gave an estimation of the ombinatorial bakground preise enough to observe thesignal, but to extrat the yield of the K0S an order of magnitude more preise estimationis needed. 49
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Figure 4.14: Invariant mass spetra. Top left: ratio of same to saled mixed events withthe unity subtrated, Top right: mixed events subtrated from same events.Bottom row: the same data zoomed on the region of K0S .
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Figure 4.18: Correlation between multipliity and transverse momentum. Left panel: pos-itive partiles, right panel: negative partiles.from the unity. If the hypothesis of the momentum dependene on the multipliity isorret, then the left-bottom and the right-upper orners of the distribution will be abovethe unity and the opposite orners below.The orrelation funtions are shown in Fig. 4.18, the left panel for positive and the rightfor negative traks. A di�erent struture as expeted is visible. For low and mediummultipliity events the distribution is �at in the range of the statistis. For high multipli-ity events a lear orrelation develops. There are events with high multipliity of eitherpositive or negative traks with signi�ant exess of low momentum traks and withouthigh momentum traks.These events have to be lassi�ed as pathologial. The events looks like low multipliityevents overlapped with the shower of the low momentum traks. However, the physialsoure of the exess is not lear. Note that the events passed number of quality uts whihimplies the trigger, entrality and total multipliity in the TPC are as for good events.The events will be removed from the sample. The removal an not be inluded into theevent uts disussed in previous setion, beause the ut depends on the trak uts whihare applied after event uts.For the lear estimation of the position of the ut the multipliity distribution of positivesand negatives was reated and is shown in Fig. 4.19. The shape follows a Gaussian �tand for the large multipliities an exess develops. In priniple, the multipliity do nothave to be Gaussian, but sine in the same region as departure from the Gaussian shapestarts the exess of low momentum traks is observed.This ut will remove also the real, high multipliity events. Assuming the number ofreal events follows Gaussian distribution, in the region where the shoulder develops, thenumber of events is already two deades smaller than typial events. Thus the ut will54
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Figure 4.19: Multipliity distribution of positives (left) and negatives (right) traks.
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Figure 4.20: Multipliity � momentum orrelation for positive traksnot signi�antly bias the sample.The ut disussed does not solve the original problem of the multipliity � momentumorrelation. The same distribution as in Fig. 4.18, after the disussed uts, is repeated inFig. 4.20. Here the orrelation as suggested by intuitive piture is visible.4.9 Global orrelations and event mixingThe previous, referene implementation of the mixing proedure (mixing with the nextevent) have to be modi�ed to remove global orrelation.The new algorithm starts with exluding the pathologial events from the sample. Afterthe lean-up, every event is heked for mixing against every other event in the array of55



loaded events. The heking is for example di�erene in the multipliity of the positiveand negative traks and di�erene in the azimuthal anisotropy spae. The heking doesnot mean the two events will be mixed, it means they ful�ll the riteria for mixing. Duringthis stage every event �lls a list of andidates for mixing and the more typial the event,the more andidates it will have.Then the atual mixing starts. The mixing is exlusive, the event one seleted an notbe reused. How to �x pairs from the list of andidates is yet another issue. The simplestmethod is seleting the �rst possible, not oupied, andidate from the list. The otherpossibility is to start with those who have smallest number of andidates for mixing andloop to those whih have the larges hoie .Some events will not be mixed due to either lak of initial andidates or beause theandidates were used before. These events are not used to reate the invariant massspetrum same events either. This fat an bias the sample; however, it an be assumed,the events that did not found any similar event out of 6000 events are in some sensedi�erent, most probably pathologial.The method disussed above do not give a warranty, the losest event will be hosen formixing, it gives only the warranty the one hosen will be lose enough. Other optionis to searh for the most similar event for every event. This brings many problems likeweighting the di�erene in the multipliity and in the �ow. This method was extensivelytested, but sine the results where not su�ient the method will not be disussed in greatdetails.To boost the statistis one an try to mix with more events, for example 10. This bringsanother problems: the uts will have to be released, whih mean the shape of the spetrumwill su�er; also the events will have to have exatly 10 mathing events and this will bringompliation to the proedure.Intuitively, the most obvious ut in the seletion for mixing is using events from the sametarget. Surprisingly this ut does not help and is even harmfully. After the trak uts theevents from di�erent targets look the same, but reduing the available sample by a fatorof 13 redues the possible ombinations and the uts have to be signi�antly looser. Alsothe probability, the event will stay without any andidate event for mixing is inreased.In the �nal analysis four uts were applied. The di�erene in the multipliity, separately forpositives and negatives lower than �M < 10 and two uts where plaed on the azimuthalasymmetry as disussed in the next setion.56



4.9.1 Azimuthal asymmetryThe azimuthal �ow is the leading global orrelation present in heavy ions ollisions, thusareful analysis have to be performed for the proper event mixing. The shemati pitureof the semi-entral ollision along the longitudinal diretion is show in Fig. 4.2.The overlapping area is where the ollision takes plae and the strongly interating systemis reated. Two important features are visible: the system reated is asymmetri and thespetators are shadowing the system. The diretion of the impat parameter vetor isalled the reation plane, the diretion parallel to the reation plane is alled in-plane andthe perpendiular diretion is alled out-of-plane.At low energies, at SIS and AGS, the shadowing by the spetators is dominant and morepartiles is emitted out-of-plane [33℄. With higher energies at SPS [34℄ and at RHIC [35℄the spetators disappear faster and the bigger pressure builds up in the system. Thepressure pushes the partiles in�plane diretion. This e�et is alled elliptial �ow and ismost prominent at midrapidity.From the ellipti �ow one an not establish if the projetile approahed the target from leftor right. This an be established using the asymmetry of the spetators at high rapiditiesand this asymmetry is alled direted �ow.The onepts an be aommodated by deomposing the azimuthal distribution intoFourier oe�ients [36℄. The asymmetry of the event is analyzed by presenting a threedimensional distribution of the partiles in rapidity, transverse momentum and azimuth:Ed3Nd3p = 12� d2NpTdpTdy  1 + infX1 2vn os (n (��	))! (4.16)where E is the energy, p is the momentum vetor, d2NpT dpT dy is the two dimensional distri-bution in the rapidity � transverse momentum spae, vn are the Fourier oe�ients forthe azimuth �, and 	 is the event plane.It is onvenient to present the equation in a simpler form, dropping the dependene onthe rapidity and transverse momentum:dNd� = 2v1 os (��	) + 2v2 os (2 (��	)) : (4.17)In priniple every distribution an be desribed by an in�nite number of oe�ients. Theexperiment and the physial piture shows that the two terms are su�ient for desriptionof the partiles reated during heavy ion ollisions. At midrapidity where direted �ow57



vanish due to symmetry reason only the ellipti �ow is present. Higher orders are notvisible in the SPS data mostly due to low multipliity.The reation plane is a line onneting enters of two nulei. It is estimated by the eventplane, whih re�ets the asymmetry of the produed partiles. The event plane an beestimated in the following way:Xn =Xi wi os(n�i) (4.18)Yn =Xi w sin(n�i) (4.19)where the sum runs over all traks in a given event with Xn and Yn representing the totalmomentum in a given diretion for the nth harmoni. The weights wi are used to boostthe signal. For ellipti �ow, rising with transverse momentum, more information aboutthe reation plane is in the high�pT traks, so the weights are assigned to wi = pT . Fordireted �ow the information is away from midrapidity.With the total momentum in both diretions, two quantities with diret physial inter-pretation an be obtained, :	n = 1n artan� YnXn� (4.20)vn = 1MqX2n + Y 2n (4.21)where 	 is the event plane being the approximation of the reation plane, vn is the strengthof the �ow and M is the multipliity. Studying the systemati of the ellipti �ow as afuntion of beam energy, entrality, rapidity and the transverse momentum an yield in-teresting information about olletive behavior of the system reated. The measured valuean be aommodated using hydrodynamial alulations [37, 38℄ or reently oalesenemodel [38℄.These results, although very interesting by themselves, are not of importane for the studyof the prodution of neutral strange mesons. The important message is, the events ontainglobal orrelation and while the events are mixed, these have to be taken into aount.For the rapidity range disussed, only the elliptial �ow is of importane. The intuitionsuggests, the event for mixing shall have the same event plane angle and the same value ofv2. This method have some drawbaks. The �rst is theoretial, when the ollision is very58
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The signal of K0S an be leaned from �s using veto on the � hypothesis. The invariantmass is reonstruted assuming negative trak is a pion and the positive is either a pion(K0S hypothesis) or a proton (� hypothesis). If the invariant mass of the � hypothesis isinside the expeted � peak the invariant mass from the K0S hypothesis is not used.Another possibility is the method developed by Armenteros and Podolanski. And de-sribed in Ref. [39℄. The orientation of the deay with respet to the momentum vetorof the mother partile is desribed using two variables: qT and �.The salar variable qT represents the transverse momentum of the positive partile withmomentum vetor p+ with respet to the mother partile with momentum vetor pM :qT = jp+ � pM jjpM j : (4.23)The variable � measures the asymmetry in the longitudinal diretion with respet to themother partile:� = q+L � q�Lq+L + q�L (4.24)where q+L is de�ned as a normalized salar produt of the momentum of the positivedaughter and the mother:q+L = jp+ � pM jjpM j : (4.25)The maximum of qT is reahed, when the daughter traks goes transverse to the mother.In this ase the qT = q (for K0S , q = 209 MeV/ [14℄). In this on�guration � = 0: Forsymmetri partiles, like two pions originating from the K0S , the deay shall be symmetriin � variable. This is not the ase when the daughters di�er in mass. In this ase, sinethe heavier partile have higher momentum in the lab frame the enter of the ellipse isshifted into diretion of positive � for � of negative � for �.The Armenteros�Podolanski plot using CERES data is shown in the left panel in Fig. 4.23.Most of the pairs have qT ' 0:15 GeV/. The distribution is not symmetri with respetto the angle �, beause there is more protons than anti-protons. In this representationthe signal of kaons is not visible for the same reason it is not visible in the raw invariantmass distribution.The K0S signal an be observed by onstruting the di�erene of the two distributions.To highlight the orrelations the distribution presented in the right side in Fig. 4.2361
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Figure 4.25: Invariant mass spetrum of �+�� pairs. left: same and mixed events, right:ratio of same to mixed events after subtrating the unity.
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Figure 4.26: Invariant mass spetrum of this signal of the K0S . The spetrum is �t withthe Gaussian to guide the eye.
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With the invariant mass lear of residual orrelations, distorting the extration of the K0S ,three steps have to be made to obtain a transverse momentum spetrum. The �rst step,desribed in the next hapter is the study of the reonstrution e�ieny using Monte-Carlo simulation. Two following steps are desribed in Chapter 6 extration of the kaonpeak and �nally the ombination of the data with the results of the simulations.
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