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PRODUCTION AND MEASUREMENT OF D-MESONSIN NUCLEUS�NUCLEUS COLLISIONSAT THE CERN SPSMarek Ga¹dzikiInstitut für Kernphysik, Universität FrankfurtAugust-Euler-Strasse 6, D-60486 Frankfurt, Germanye-mail: marek�ikf.uni-frankfurt.deand Christina MarkertGesellshaft für Shwerionenforshung (GSI)Plankstr. 1, D-64291 Darmstadt, Germanye-mail: .markert�gsi.de(Reeived February 17, 2000)We argue that the measurement of open harm gives a unique opportu-nity to test the validity of pQCD-based and statistial models of nuleus�nuleus ollisions at high energies. We show that various approahes usedto estimate D-meson multipliity in entral Pb+Pb ollisions at 158 AGeVgive preditions whih di�er by more than a fator of 100. Finally wedemonstrate that deisive experimental results onerning the open harmyield in A+A ollisions an be obtained using data of the NA49 experimentat the CERN SPS.PACS numbers: 24.10.�i, 29.30.Ep, 25.75.Dw1. IntrodutionThe measurement of prodution of D-mesons in nuleus�nuleus olli-sions at CERN SPS energies is a hallenging experimental adventure. Thisis due to the short life time and expeted low multipliity of D-mesons whihause the small experimental signal originating from D deays to be hiddenin the large bakground omposed of ombinations of `non-signal' traks.There is, however, an inreasing interest in results on harm produtionin nuleus�nuleus (A+A) ollisions whih motivates various experimentalgroups to design upgrades of the existing experiments or to build new ex-periments, whih should allow to measure open harm prodution in A+Aollisions [1�3℄. (965)



966 M. Ga¹dziki, Ch. MarkertThe aim of this paper is twofold. In the �rst setions we present anew motivation for the experimental study of the open harm prodution innulear ollisions. We show that this measurement should allow to establisha boarder of appliability of pQCD-based and statistial models of stronginterations.In the seond part of the paper we demonstrate that the �rst measure-ment of D-meson prodution may be even possible using the urrent set-upof the NA49 experiment [4℄. In partiular we estimate the statistial resolu-tion of D-meson measurement whih an be ahieved using the data of theNA49 experiment. Summary and onlusions (Setion 5) lose the paper.2. Physis beyond QGP: pQCD vs thermodynamisThe main motivation for a broad experimental program in whih nuleus�nuleus ollisions at high energies are studied is the searh for the QuarkGluon Plasma [5,6℄. An impressive set of data was olleted during the lastdeades and many unexpeted phenomena were disovered [7℄. However, thequestion whether a transient QGP state is reated in the early stage of theollisions is still under vivid disussion. In our opinion this situation is due tothe fat that there is no onsensus on whih models of high energy hadroniand nulear ollisions should be used to interpret experimental results.The data are in qualitative and quantitative agreement with the hypoth-esis of QGP reation in A + A ollisions at the CERN SPS if a statistialmodel of the early stage is used for their interpretation [8℄. This modelis, however, onsidered a non-orthodox approah to hadroni and nulearollisions as its basi assumptions an not be derived from the ommonlyaepted theory of strong interation, QCD. Its validity is, therefore, moresurprising than the onlusions reahed within this model onerning QGPreation at the CERN SPS.On the other hand it is di�ult to use QCD for the interpretation of theexperimental results. Problems arise beause almost all e�ets intuitivelyexpeted in the ase of a transition to QGP are in the domain of so-alledsoft proesses in whih experimentally testable strit preditions of QCD arenot possible. Attempts to build phenomenologial QCD-inspired models ofsoft proesses are not very suessful [9℄. Conlusive interpretation of thedata within these models seems to be impossible as one an not estimatethe unertainties introdued by the used approximations.As a possible solution one tries to identify phenomena sensitive to theearly stage in whih so-alled hard QCD proesses are believed to prevail [10℄.In this ase one hopes to obtain testable QCD preditions using perturbativemethods. A well known example is the analysis of J= prodution in A+Aollisions performed under the assumption that the initial prodution of



Prodution and Measurement of D-Mesons : : : 967 pairs is desribed by pQCD. However the limits of the appliability ofpQCD are theoretially not well de�ned. Therefore any assumption basedon validity of pQCD alulations and used to interpret the data should betested experimentally. In the ase of the J= example this test an be doneby the measurement of the open harm yield and its omparison to pQCDpreditions.In onnetion with the above disussion of QCD-based models it is inter-esting to onsider a hypothetial model in whih, due to tehnial problems,strit experimentally testable preditions an not be obtained. The modelgives approximate preditions, however, the error made due to the approxi-mations is di�ult to estimate. Experimental results whih are in agreementwith the preditions of the model an be treated as a `proof' of its validity.On the other hand any disagreement between the model and the data anbe interpreted as due to the used approximations. Therefore the model annot be falsi�ed [11℄ before a substantial improvement in its preditive power.This example illustrates the logial problem whih one may enounter dis-ussing the validity of QCD-based models.In the summarized exiting situation onerning our understanding ofstrong interations the role of the experimental results on open harm pro-dution in A+A ollisions is unique.� Data on open harm should allow to test limits of appliability of theperturbative QCD methods.It is often assumed that the harm quark is heavy enough for pQCDtreatment [12℄. Based on this hypothesis results on J= prodution inA + A ollisions are interpreted in the so-alled `suppression' models[10,13℄, in whih the suppression is alulated relative to the J= yieldexpeted from the pQCD fatorization theorem [14℄ and data on J= prodution in p+ p interations. It was, however, reently shown thatthe J= multipliity is, in good approximation, proportional to pionmultipliity [15℄. Thus the J= yield shows an A-dependene whih isharateristi of soft QCD proesses. This experimental observationmotivates the question whether pQCD an be used as a model of harmquark prodution in hadroni and nulear ollisions.� Data on open harm should allow to test the validity of a non-orthodoxstatistial model of the early stage of A+A ollisions [8℄.In this model harm quark multipliity is large enough to justify theuse of the thermodynamial approximation. Consequently not onlythe absolute yield of open harm but also its A-dependene are verydi�erent for the statistial and the pQCD-based models. For detaileddisussion see the following setion.



968 M. Ga¹dziki, Ch. Markert3. Multipliity of D-mesons in nulear ollisionsThis setion starts with a review of the data on D0 and D0 produ-tion in proton�nuleon interations, whih leads to an estimate of the meanmultipliity of D0 + D0 mesons, hD0 + D0i, in nuleon�nuleon, N + N ,interations at 158 AGeV. This result is needed for the further disussion ofthe multipliity of D0+D0 mesons in nulear ollisions at 158 AGeV whihis estimated using four di�erent approahes.3.1. hD0 +D0i in N +N interationsThere are six measurements of D-meson prodution ross setion at var-ious ollision energies ranging from 200 GeV to 800 GeV, whih allow toestimate the mean multipliity of D0+D0 in p+N interations [16�21℄. Inp + p interations �(D0 + D0) is measured at 360 GeV [18℄, 400 GeV [19℄and at 800 GeV [20℄. At 200 GeV [16℄, 250 GeV [17℄ and 800 GeV [21℄ theross setion in p+N interations is estimated based on measured ross se-tion for p+A interations assuming that �(D0 +D0) is proportional to A.We note here that this assumption is not fully justi�ed by the experimentalresults [15℄ and may lead to an additional systemati error in estimating�(D0 + D0) in p + N interations. In addition a symmetry of the xF dis-tribution of D0 + D0 mesons with respet to xF = 0 is assumed for thealulation of the integrated ross setion using measurements at xF > 0.In the ase of the measurement at 200 GeV [16℄ only results for the sum ofall D-mesons are published; in this ase we assume that 50% of them areD0 +D0 mesons.The mean multipliity of D0+D0 mesons in p+p and p+N interationsis alulated as a ratio �(D0 +D0)=�, where � is the inelasti ross setionfor p+p interation at the orresponding energy. The values of hD0+D0iNNare given in Table I and plotted as a funtion of ps in Fig. 1. The resultsat ps = 19:4 GeV and ps = 21:7 GeV di�er by a fator of about 8, whihsuggests a possible large systemati unertainty of the measurements at lowenergy not aounted for in the quoted errors. Taking this into aount weestimate the mean multipliity of D0 + D0 at ps = 17:3 GeV (ELAB =158 GeV) in nuleon�nuleon interations by an arithmeti average of themeasurements at ps = 19:4 GeV and ps = 21:7 GeV, whih gives:hD0 +D0iNN = 2:0 � 10�4: (1)A large systemati error up to several times the estimated value should bekept in mind.



Prodution and Measurement of D-Mesons : : : 969TABLE IThe results on mean multipliity of D0 +D0 mesons produed in p+ p and p+Ninterations. The multipliity for p+N interations was estimated from the dataon p+A interations (used reations are listed in the third olumn) assuming thatross setion for D�meson prodution is proportional to A. For detailed disussionof the data see text.pLAB [GeV℄ ps [GeV℄ Reations hD0 +D0i � 104 Referene200 19.4 p+Si 0.47 � 0.23 [16℄250 21.7 p+(Be,Al,Cu,W) 3.6 � 0.9 [17℄360 26.0 p+ p 6.2 � 1.9 [18℄400 27.4 p+ p 5.6 � 0.8 [19℄800 38.8 p+ p 6.5 � 2.4 [20℄800 38.8 p+(Be,Au) 5.2 � 1.0 [20℄
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Fig. 1. The mean multipliity of D0 + D0 mesons in proton�nuleon interationsas a funtion of ollision energy in the .m. system.3.2. hD0 +D0i in entral Pb+Pb ollisions at 158 AGeVWe disuss here four approahes whih allow to predit A-dependeneof the open harm yield and the mean multipliity of D0 and D0 mesons inentral Pb+Pb ollisions, hD0 +D0iPbPb, at 158 AGeV. It is assumed thatthe entral ollisions are seleted by aepting only events with a low numberof spetator nuleons from the projetile nuleus and that the typial triggeronditions of the NA49 experiment are used [4℄. This results in a meannumber of partiipant nuleons, hNPi, of about 350 [22℄.



970 M. Ga¹dziki, Ch. MarkertA. Model of soft A-dependene. It was reently observed [15℄ thatthe mean multipliity of J= mesons inreases proportionally to the meanmultipliity of negatively harged hadrons (more than 90% �� mesons) whenp + p, p + A and A + A ollisions are onsidered (see Fig. 2). It may be
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Fig. 2. The ratio of the mean multipliities of J= mesons and negatively hargedhadrons for inelasti nuleon�nuleon (square) and inelasti O+Cu, O+U, S+U andPb+Pb (irles) interations at 158AGeV plotted as a funtion of the mean numberof partiipant nuleons. For larity the N +N point is shifted from hNPi = 2 tohNPi = 5.therefore assumed that a similar dependene on the size of the ollidingobjets is also valid for D-mesons. This assumption yields the followingdependene of a mean multipliity of D0 +D0 mesons:hD0 +D0i � hh�i � hNPi; (2)For entral Pb+Pb ollisions at 158 AGeV the model results in:hD0+D0iPbPb = hD0+D0iNN hh�iPbPbhh�iNN = 2�10�4 7003:1 � 4:5�10�2 ; (3)where the values of hh�iPbPb and hh�iNN are taken from Ref. [22℄ andRef. [23℄, respetively.B. pQCD-based approah. It is usually assumed that due to the largemass of the harm quark, prodution of harm an be alulated using per-turbative QCD methods [12℄. This assumption leads to the expetation thatthe ross setion for harm prodution inreases as A2 for all inelasti A+A



Prodution and Measurement of D-Mesons : : : 971ollisions and that the mean multipliity of open harm inreases as hNPi4=3for entral A+A ollisions. Thus for entral Pb+Pb ollisions we get:hD0 +D0iPbPb = hD0 +D0iNN (hNPi=2)4=3 � 2� 10�1: (4)This estimate agrees with a previously published predition for harm pro-dution based on pQCD inspired models [24℄.C. The NA50 estimate. The NA50 Collaboration found reently [25℄that a model based on pQCD an not desribe the dimuon invariant massspetrum between the � and J= peaks in entral Pb+Pb ollisions. Thespetrum, however, an be reprodued when the ontribution from openharm deays is saled up by a fator of about 3. Based on this analysis onemay expet that: hD0 +D0iPbPb � 6� 10�1; (5)i.e. it is equal to the multipliity alulated in B multiplied by a fator of 3.D. Statistial approah. The prodution of entropy and strangeness inA + A ollisions at the CERN SPS an be desribed by a statistial modelwhih assumes the reation of a Quark Gluon Plasma in the early stage ofthe ollision [8℄. This fat triggered the hypothesis that also harm produ-tion an be desribed by the same statistial approah. For a large enoughnumber of partiipant nuleons (hNPi > 50) the alulated multipliity ofharm quarks appears to be signi�antly larger than one and therefore grandanonial volume dependene of the harm yield is predited:h+ �i � hNPi: (6)Strong anonial suppression is expeted for the low number of partiipants.It an be estimated [8℄, that the mean number of  and  quarks produed inentral Pb+Pb ollisions at 158 AGeV is about 17. Based on p+p data [19℄we assume here that about one third of them hadronize asD0 and D0 mesonswhih gives: hD0 +D0iPbPb � 6: (7)We summarize this setion by observing that the dependene of the meanmultipliity of open harm on the size of the olliding objets as well asits absolute value are very di�erent for disussed here models. The meanmultipliity of D0 + D0 mesons in entral Pb+Pb ollisions at 158 AGeVranges from 4.5�10�2 to about 6 showing more than a fator 100 di�erenebetween the minimum and the maximum values. Thus measurement of theopen harm yield in A+A ollisions may serve as a ritial test of the varioustheoretial approahes. In partiular it should allow to establish a boarderof the appliability of pQCD-based and statistial models.



972 M. Ga¹dziki, Ch. Markert4. D-meson measurement in NA49We onsider here the possibility of a measurement of D0 and D0 produ-tion in A+A ollisions at 158 AGeV using the urrent set-up of the NA49experiment at the CERN SPS [4℄. We start from an introdutory disussionon the means to distinguish D0 deays from ombinatorial bakground andon the alulation of the statistial error on D0 multipliity. We ontinuewith a brief summary of the relevant properties of the NA49 experimentand �nally we present results of a simulation whih yield an estimate of thestatistial resolution of D0 + D0 measurement in entral Pb+Pb ollisionsusing the NA49 data.Our analysis is based on the study of the two body deay hannels of D0and D0 mesons:D0 ! K� + �+ and D0 ! K+ + �� (8)for whih the branhing ratio is measured to be (3.85 � 0.09)% [26℄. Themass and the proper life time of D0 and D0 mesons are mD0=(1864.6�0.5)MeV/2 and � = 0.01244 m, respetively [26℄.4.1. Introdutory remarksLet us onsider a entral Pb+Pb ollision at CERN SPS energy in whihamong thousands of produed partiles are also D0 mesons. The D0 mesonsdeay after a typial �ight distane of about 0.1 m (�  �) from the ol-lision point. There are many deay hannels possible, but for the reasonsdisussed at the end of this paper we onsider only deays of a single type,D0 ! K� + �+, whih happen only in 3.85 % of all ases of D0 deays.For simpliity of the initial disussion we assume that an ideal detetor isplaed around the ollision point, i.e. for all harged partiles eletri harge,mass and momentum vetor at a given referene plane are measured.For all (K�, �+) pairs originating from D0 deays (signal pairs) the fol-lowing onditions have to be approximately (within experimental resolution)ful�lled:1. the trajetories of K� and �+ interset at a point (deay point) whihis di�erent from the Pb+Pb ollision point,2. the distribution of the D0 life time in its own .m.s. frame is anexponential distribution with a mean value equal to � = 0:0124 m,3. energy and momentum onservation laws are ful�lled at the deaypoint when D0 deay hypothesis is assumed,4. the angular distribution of the deay produts in the D0 .m.s. isisotropi.



Prodution and Measurement of D-Mesons : : : 973Conditions 1�4 an be ful�lled (within experimental resolution) by a setof (K�, �+) pairs whih do not originate from the same D0 deay (bak-ground pairs) only by hane. The probability of this happening dereaseswith inreasing experimental resolution.As a useful example we onsider the ondition 3 of energy momentumonservation at the deay vertex. For pratial reasons one often quanti�esdeviations from energy momentum onservation, assuming the D0 deayhypothesis, by alulating the invariant mass,M(K�; �+), for a pair of neg-atively and positively harged partiles and omparing it to the known massof the D0 meson. Almost all signal pairs are expeted to be distributedin a narrow interval �M entered around mD0 . The M distribution forbakground pairs is signi�antly broader and it has no harateristi peakstruture at mD0 . The smearing of the M distribution for signal pairs re-sults from the �nite resolution of momentum measurement. With inreasingresolution the size of the interval �M in whih almost all signal pairs areinluded dereases onsequently resulting in a lower number of aeptedbakground pairs.In the high resolution limit almost only signal pairs (and almost nobakground pairs) are seleted when taking pairs from �M . In this asethe total number of signal pairs, NS, in NEV events an be approximatedby the measured number of pairs in the �M interval, N�M . An estimate ofthe mean multipliity of signal pairs is therefore given byhNES i = N�MNEV (9)and its statistial error an be alulated as�(hNES i) = phN�M ipNEV � qhNES ipNEV (10)assuming a Poissonian distribution of the pair multipliity in the interval�M .In the limit of poor resolution the number of bakground pairs, NB, inthe interval �M is muh larger than the number of signal pairs. Therefore inorder to estimate the number of signal pairs, NES , an estimate of the numberof bakground pairs, NEB is needed:NES = N�M �NEB : (11)The estimate of NEB is model dependent and therefore it has a systematierror whih however will not be disussed here. Various models an be used.As an example let us mention a `mixed event' model of the bakground in



974 M. Ga¹dziki, Ch. Markertwhih bakground pairs are onstruted by seleting partiles from di�erentevents. Independent of the model used it is reasonable to assume that thestatistial error of NEB an be made muh smaller than the statistial errorof N�M . Thus the statistial error of hNES i an be alulated as�(hNES i) = phN�M ipNEV � qhNEB ipNEV ; (12)assuming Poissonian distribution of pair multipliity in the interval �M .We observe that in the limit of high resolution the statistial error of thesignal is almost fully de�ned by the number of signal pairs, whereas in thelimit of poor resolution it is de�ned by the number of bakground pairs.One an de�ne the statistial signi�ane of the measurement as the ratiohNES i=�(hNES i) whih in the ase of the poor resolution limit is given byhNES i�(hNES i) = hNES iqhNEB ipNEV: (13)Thus in order to maximize the statistial signi�ane of the result one shouldselet the aeptane (in the example above the size of the �M interval)suh that the ratio hNES i=qhNEB i reahes a maximum.4.2. The NA49 experimentThe NA49 experiment [4℄ at the CERN SPS was designed and on-struted to searh for signals of the Quark Gluon Plasma reated at theearly stage of nuleus�nuleus ollisions. Basi detetors of the NA49 set-upare four Time Projetion Chambers (TPC's), whih allow for a preise trak-ing of harged partiles. Two medium size TPC's of 3 m3 gas volume eahare loated inside of two magnets with up to 1.5 T �eld strength eah. Twolarge size TPC's of 20 m3 gas volume eah are positioned downstream of themagnets for high preision energy loss measurement and aeptane overagein the forward diretion. Overall the TPC's aeptane overage amountsto up to 80% of all produed harged partiles (this number depends on thereation studied and magneti �eld � target on�guration).The TPC's measure up to 234 spae points on traks of up to 13 m length.This allows a preise determination of the sign of eletri harge, momentumvetor (�(p)=p2 � 10�4 (GeV/ )�1) and energy loss (� 4% relative reso-lution) for all aepted partiles. These measurements yield information onpartile mass whih results in large aeptane (limited resolution) partileidenti�ation. Four Time-of-Flight walls (� 60 ps resolution) omplementthe partile identi�ation apabilities of the NA49 detetor.



Prodution and Measurement of D-Mesons : : : 975A typial resolution in reonstrution of the distane between the ol-lision point and the seondary vertex of a two body deay near the targetis of the order of 1 m and is mainly due to the long extrapolation lengthneeded from the �rst TPC detetor.4.3. Statistial error on hD0 +D0iPbPb in NA49In order to estimate the statistial resolution of a hD0 +D0iPbPb mea-surement in NA49 we performed a simulation of signal and bakground pairsas expeted in this experiment for entral Pb+Pb ollisions at 158 AGeV.In the simulation the standard geometry and magneti �eld of NA49 are as-sumed [4℄. We de�ne the geometrial aeptane of the NA49 TPC's by therequirement that the partile trajetories ross more than 20 TPC padrows,at least one of whih has to be in a TPC loated inside the magneti �eld.A parametrization of the momentum resolution as measured by NA49 isinluded in the simulation. Conerning partile identi�ation we onsidertwo extreme ases. In the �rst one we assume that no information on parti-le mass is available, whereas ideal partile identi�ation is assumed in theseond ase. For the bakground alulation spetra of harged hadrons pro-dued in entral Pb+Pb ollisions at 158 AGeV as measured by NA49 [22℄are parametrized in rapidity (y) and transverse momentum (pT). The signalsimulation is done assuming a Gaussian (� = 0:6) rapidity distribution andan exponential spetrum in transverse mass (T = 300 MeV) for both D0 andD0 mesons. The total multipliity of D0 and D0 mesons of 6 as preditedby the statistial model (see point 3.2.D) is assumed (if needed). In Fig. 3we show the y�pT distribution of D0 mesons for whih both deay produtsare in the geometrial aeptane of the NA49 TPC's.Before further presentation of results of the simulation we note that on-ditions 1 and 2 (see Setion 4.1), whih require an aurate measurementof the deay vertex, an not be used in the existing NA49 set-up to dis-tinguish signal from bakground pairs. This is due to the poor resolutionin the reonstrution of the seondary vertex from two body deays of theorder of 1 m, whih is muh larger than the typial �ight path of D0 andD0 of about 1 mm. Therefore bakground rejetion has to be done usingonditions 3, energy-momentum onservation, and 4, isotropy of the deay,only. We quantify these onditions by studyingM(K�; �+) (orM(K+; ��))distribution and os� distribution, where � is the angle between D and �meson diretions alulated in D-meson .m. system.The results of the simulation shown below are obtained for the D0 deay,without using information on partile mass. An improvement of the statis-tial resolution of harm measurement due to the addition of D0 deays andpartile mass information is onsidered at the end of this setion.
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Prodution and Measurement of D-Mesons : : : 977In Fig. 4 we show an invariant mass distribution M(K�; �+) for bak-ground pairs obtained using the geometrial aeptane of NA49. It is seenthat the D0 meson mass is loated in the region of the monotonously de-reasing tail of the distribution, well beyond the position of its maximum.The M(K�; �+) distributions for signal and bakground pairs in the in-terval of M around mD0 are shown in Figs. 5a and 5, respetively. Forpairs from the interval �M = 4 MeV/2 around mD0 we plot also the os�distributions in Figs. 5b and 5d.
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978 M. Ga¹dziki, Ch. MarkertWe observe that in the ase of D0 measurement by NA49 we are in thepoor resolution limit i.e. the statistial resolution of signal measurementis determined by the number of bakground pairs and is independent ofthe signal multipliity. It is also lear that rejetion of pairs with highos� values should result in an improvement of statistial signi�ane ofthe signal measurement. We estimate that the maximum signi�ane anbe ahieved by aepting pairs with os� < 0:7 and inside an interval of�M = 4 MeV/2 (bakground uts). The mean multipliity of bakgroundpairs for this seletion is hNBiNOID � 80; (14)where the subsript NOID is used to underline that the number is obtainedwithout using information on partile identi�ation. This yields an estimateof the statistial resolution of hNES i�NOID(hNES i) = phNBiNOIDpNEV � 9pNEV : (15)The resulting orretion fators needed to obtain hD0i from the esti-mated signal multipliity hNES i in the aeptane are:� wBR = 26.0, for the branhing ratio,� wGA = 2.4, for the geometrial aeptane,� wBC = 2.3, for the bakground uts.Therefore the statistial resolution of hD0i an be estimated as:�NOID(hD0i) = wBR wGAwBC phNBiNOIDpNEV � 1300pNEV : (16)In the ase of ideal partile identi�ation bakground multipliity an beredued by about a fator of 10, whih results in �ID(hD0i) � 400=pNEV.Therefore for 106 entral Pb+Pb ollisions at 158 AGeV �(hD0i) � 0.4�1.3in omparison to hD0i � 3 expeted in the ase of the statistial model.Statistial signi�ane of measurement of hD0 +D0i is approximately by afator of p2 better than signi�ane of separate measurements for D0 or D0.



Prodution and Measurement of D-Mesons : : : 979In Fig. 6 we plot �NOID(hD0+D0i) and �ID(hD0+D0i) as a funtion ofthe number of entral Pb+Pb ollisions at 158 AGeV registered by NA49.The di�erent preditions onerning hD0 + D0i disussed in Setion 3 arealso indiated in Fig. 6 for omparison.

Nev

10
4

10
5

10
6

10
7

σ 
(〈

D
0 +D

–
0 〉)

10
-2

10
-1

1

10
D

C

B

A

Fig. 6. The statistial resolution of the measurement of mean multipliity ofD0+D0mesons in entral Pb+Pb ollisions at 158 AGeV as a funtion of the numberof analyzed events. The alulation is performed for the urrent NA49 set-upassuming no information on partile mass (upper solid line) and an ideal partileidenti�ation (lower solid line). The mean multipliity ofD0+D0 mesons estimatedin four di�erent approahes (A�D, see Setion 3) is indiated by dashed lines.Finally in Fig. 7 we show M(K�; �+) distributions obtained using theos� ut for signal and bakground pairs for 100 entral Pb+Pb ollisions.In this ase the number of generated D0 deays was saled up by a fatorof 100 and therefore the statistial signi�ane of the observed signal peakorresponds to the signi�ane expeted for 106 events.
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Prodution and Measurement of D-Mesons : : : 9814.4. DisussionThe experiment NA49 registered up to now about 106 entral Pb+Pbollisions at 158 AGeV. As follows from the results of simulation presentedin Fig. 5 already the analysis of this data should yield signi�ant resultsonerning open harm prodution in Pb+Pb ollisions. This enouragingonlusion is reahed mainly due to three fators:� there are expetations of a signi�ant enhanement of open harmprodution in A+A ollisions,� a signi�ant fration of produed D-mesons is overed by the largegeometrial aeptane of NA49,� the good momentum resolution of NA49 allows for a signi�ant redu-tion of bakground even without reonstruting the D-meson deayvertex.The results presented in this paper are obtained by a simple analysis ofsimulated data. This sheme was seleted in order to underline the mainonepts and to build intuition onerning basi ingredients of the problemof D-meson measurement in A+A ollisions. The use of more sophistiatedstatistial methods of data analysis (see Ref. [27℄), whih e.g. inlude ex-pliitly the statistial errors of the measured momentum vetor by using akinematial �t, may lead to an improvement of the ahieved resolution.We studied also the statistial resolution of open harm measurementusing three and four body deays of neutral and harged D-mesons. Wefound that due to high ombinatorial bakground the statistial resolutionis muh lower than in the ase of the two body deay hannel.5. Summary and onlusionsThe main results presented in this paper an be summarized as follows.� The measurement of open harm prodution in A+A ollisions givesa unique possibility to establish the boarders of appliability of thestatistial and pQCD-based models.� Various approahes used to estimate the D-meson multipliity in en-tral Pb+Pb ollisions at 158 AGeV give preditions whih di�er bymore than a fator 100.� Experimental data already registered by NA49 should allow to obtaina signi�ant result on open harm prodution in Pb+Pb ollisions.The analysis an yield the �rst observation of open harm signal or itwill lead to an estimate of the upper limit of open harm multipliitywhih should signi�antly narrow the range of allowed models.
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