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STATUS AND PROSPECTS OF THECERN-LHC EXPERIMENT ALICE�H.R. Shmidtfor the ALICE CollaborationGesellshaft für Shwerionenforshung mbH64291 Darmstadt, Germany(Reeived April 15, 2002)An overview of the prevailing experimental onditions at the CERN--LHC for heavy-ion ollisions is given. Observables, in partiular thoseunique to the LHC energy regime, are disussed. The experimental hal-lenges and physis potential of detetor subsystems � TPC and TRD �are reviewed in some detail.PACS numbers: 25.75.�q 1. IntrodutionThe quest for ever inreasing heavy-ion beam energies has a simple,but fundamental ause in the very subjet of ultra-relativisti heavy-ionollisions: the prerequisite to aess the physis of QCD thermodynamis isthe preparation of a system of high energy density and of long lifetime or,equivalently, large system size. Yet, ultra-relativisti heavy-ion ollisions,often dubbed as the physis of the early universe, will never be able to reahthe onditions of the �big bang� QCD phase: a marosopi system size ofthe order of 1048 fm3 and life time of 1018 fm= � truly justifying a thermaldesription. However, with the advent of heavy-ion olliders (RHIC, LHC),augmenting the enter-of-mass energy in heavy-ion ollisions by orders ofmagnitude (see Table I) as ompared to �xed target ollisions, marosopionditions will be reahable at least on a relative sale: the sale variable�QCD = 200 MeV will be surpassed by almost an order of magnitude. Thesame will be true for both the system size and the lifetime whih will belarge ompared to the relevant sale of � 1 fm.� Presented at the Craow Epiphany Conferene on Quarks and Gluons in ExtremeConditions, Craow, Poland, January 3�6, 2002.(1651)



1652 H.R. Shmidt2. Initial onditions�Conventional� saling as known from elementary proton�proton olli-sions, yields only a very slow logarithmi inrease in partile multipliityand average transverse momentum with the enter-of-mass energy (ps) [1,2℄.There are, however, several mehanisms valid in ultra-relativisti heavy-ionollisions whih hange the log(ps) dependene drastially:(a) The saling of the multipliity dN=dy with the mass of the projetilehanges from Npart, i.e., the number of projetile nuleons partiipat-ing in the reation, to Noll, i.e., the number of ollisions, when goingfrom low (SPS) to high (LHC) enter-of-mass energies. While Npartis essentially given by the geometrial overlap, i.e., is proportional toA; Noll sales like A4=3. This hange, essentially due to the hangefrom soft to hard ollisions, yields an inrease in dN=dy up to a fatorof 6 at LHC ompared to SPS (dependent on relative ontributions ofsoft and hard proesses in the ollision) [3, 4℄.(b) At high energies, the projetile partons probe the low-x region. Thegluon struture funtion rises strongly at small-x [5℄ leading to a high-density initial parton asade with rapid thermalization [6℄. The num-ber of gluons per nuleon inreases by a fator 8 from SPS to LHCenergies [7℄. The inrease might, however, be redued by a fator oftwo by nulear gluon shadowing [6, 8, 9℄.() The inreased energy loss of hard partons in gluon matter (�jet quenh-ing�) [10℄, essentially fragmenting a jet into many soft partiles, willfurther substantially inrease the �nal state multipliity. On the otherhand, dN=dy might be redued by e�ets like parton saturation, bothin the initial and the �nal state [11℄.The investigations of the role of hard proesses is subjet of intenseexperimental investigations at RHIC [8, 12℄. Theoretially, hard proessesare aessed via pQCD alulations. At present, the extrapolation from theRHIC experimental results and the theoretial unertainties of the pQCDalulations do still have large error bars [3℄. Thus, the predition of the LHCdNharged=dy is unertain and ranges from 3000 to 8000 harged partiles perunit rapidity in a entral ollision.3. Fireball evolutionIn the following the evolution of a �reball is desribed assuming initialonditions as outlined above, i.e., an initial temperature of 1 GeV, a ther-malization time of the parton asade� 1 fm/ and a �nal state multipliity



Status and Prospets of the CERN-LHC Experiment ALICE 1653dNharged=dy of 8000 partiles. Details of the alulations an be found else-where [13℄. In this piture a partoni �reball with an initial energy density of"i � 1000 GeV=fm3 expands dominantly longitudinally (Bjorken-piture).After the �anonial� formation time �0 = 1 fm=, the energy density is still40 GeV/fm3. The system is assumed to undergo a �rst order phase transi-tion at T = 170 MeV. Hadronization is ompleted after 35 fm/, i.e., thesystem has spent a signi�ant time in the QGP and mixed phase. Thermalfreeze-out takes plae at Tf � 120 MeV; until then the system has livedabout 70 fm/. At freeze-out (nf = 0:12 fm�3) the �nal volume oupiedby the partiles is 105 fm3, signi�antly larger than typial hadron sizesand mean free paths. Altogether, it seems to be justi�ed to say that in LHCPb + Pb ollisions onditions are reated whih justify a desription employ-ing QCD thermodynamis, i.e. quarks and gluons being in thermal equilib-rium.The system parameters of Pb + Pb ollisions at LHC energies are sum-marized in Table I and ompared to those from reations at SPS and RHICenergies. TABLE IComparison of some system parameters prevailing at SPS, RHIC and LHC energiesfor heavy-ion ollisions. SPS RHIC LHCEm [GeV℄ 17 200 5500dNh=dy 500 700 3000�8000"Bj [Gev=fm3℄�0=1fm= � 2:5 � 3:5 15�40Vfreeze [fm3℄ � 103 � 9� 103 � 3:7� 104�1:0� 105�QGP [fm/℄ <1 � 1 � 4:5�12As an be seen from the Table the relevant system parameters, i.e.,QGP lifetime �QGP, energy density "Bj and freeze-out volume Vfreeze inreasesubstantially from SPS to LHC.4. Observables and probesThe observables in heavy-ion ollisions and probes of QGP formation arenumerous and reviewed in many artiles, e.g. [14℄. Here we onentrate onthose whih are either unique to the LHC energies and/or to the ALICEexperimental apparatus.



1654 H.R. Shmidt4.1. dN=dy (multipliities)As outlined above, �nal state multipliities are in�uened to a large ex-tent by initial state proesses desribed theoretially by perturbative QCD.The unertainties in the alulations are substantial. In turn, the mea-surement of dN=dy [8, 12℄ will shed light onto initial state proesses. Asan example, �gure 1 shows the distribution dN=d� as alulated in HIJING,both with and without energy loss of partoni jets via gluon bremsstrahlung.As an be seen, the dependene on the proess is sizable. Similarly, partonsaturation is expeted to in�uene onsiderably the �nal state multipliities.At LHC, and to a smaller extent also at RHIC, the density of low-x gluons,both in the inoming nulei as well as after sattering, beomes so large thatthe available transverse spae is ompletely oupied with gluons having a�radius� of � 1=pT and the density of gluon �saturates� thus limiting themultipliity. Nulear shadowing of gluons might play a similar role. Theseproesses are expeted to set in around 2 GeV/ at the LHC [15℄, i.e., wherepQCD is appliable and theoretial onepts an be tested.

Fig. 1. Rapidity distribution of harged partiles for two entral Pb + Pb ollisionsas generated by the HIJING generator, with (full line) and without (dashed line)the e�et of �jet quenhing� in the medium.4.2. Event-by-Event analysisA feature whih is truly unique to LHC Pb + Pb ollisions is that Event-by-Event (EbE) studies, pioneered by the NA49 ollaboration at the SPSfor �'s and K's [16℄, an be extended to partile speies previously not a-essible to EbE-physis. Table II gives a list of partiles with abundanes



Status and Prospets of the CERN-LHC Experiment ALICE 1655high enough to allow the investigation of non-statistial �utuations on anEbE basis. These �utuations are generally assoiated with ritial phe-nomena at phase boundaries. Even in the absene of ritial phenomena theinreased preision (� 1=pN) will allow to orrelate (inlusive) variables,e.g. temperatures measured via pT-spetra, radii measured via HBT or theevent-plane measured via ellipti �ow on an Event-by-Event basis.TABLE IIRapidity densities of various partiles for Pb + Pb entral ollisions as predited bythermal model alulations [17℄. Chemial freeze-out takes plae at T = 170 MeVin a volume of 14400 fm3. Speies dN=dy (ALICE)�� � �+ � �0 2500K+ � K� � Ks0 385 500�p � p 250�� � � 1264.3. Hard proessesHard proesses, i.e., satterings with large momentum transfer, beomedominant at LHC. These proesses, in partiular high pT-jets and heavy ve-tor meson prodution, an be used to probe the early stages of the reation.Figure 2 shows the energy density dependene of the survival probabilities ofquarkonia states (J=	 and � -family) expeted in a deon�ned medium andby absorption in a hadroni environment. The �lassial� deon�nement sig-nal, i.e., J=	 suppression, has reently been reinvestigated and it has beenfound: (a) that the suppression signal is partly obsured by a sequentialsuppression pattern setting in already below the ritial temperature due toin-medium modi�ation of the open harm threshold as well as the J=	 massitself [14, 18℄; and (b) that statistial hadronization of the � at RHIC andLHC � abundantly produed �-pairs might ompensate the suppressionsignal at RHIC and even lead to J=	 enhanement at LHC [19℄.A �lean� suppression signal is expeted from the tightly bound � . Thispartile, however, is produed with su�ient statistis only at LHC (theross setions at RHIC are one order of magnitude lower). Moreover, energydensities above the melting point of the � (" > 20 GeV/fm3) an be reahedonly at the LHC. A omprehensive measure of the both the J=	 and the� -family is therefore of outmost importane in ALICE.
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Fig. 2. Energy density dependeny of harmonium and bottonium survival prob-abilities as expeted from melting in a deon�ned medium and from the omovermodel. The preision of the measurement in ALICE after one month of running isshown as 1� error bands.Moreover, beause of the intimate onnetion between harmonium andbottonium states and open harm/bottom [20℄ the measurement of D andB mesons is essential in ALICE.�Jet-quenhing�, i.e., the energy loss of hard partons via partoni matter,is a new probe not available at the SPS. First hints of this mehanism mighthave been visible at RHIC in form of altered shapes of hadron pT-spetra[21℄. At LHC, with the dominane of hard ollisions, the measurement ofjet ross setion and fragmentation funtions will be a major probe of theearlier stages of the ollision. 4.4. PhotonsReal or virtual photons, emitted from the QGP, arry the promise ofyielding undisturbed information from this phase. However, the di�ultiesto measure photons, in partiular to disentangle the rare single, thermalphotons emitted from a potential QGP from those of other soures are enor-mous. This is shematially depited in �gure 3 [22℄, whih shows the dif-



Status and Prospets of the CERN-LHC Experiment ALICE 1657ferent soures of photons. While at low pT the bakground from �0 deayis overwhelming (it an, however, be measured and subtrated with a prei-sion of about 5%), thermal plasma photons ompete with photons from thehadron phase at medium and with QCD photons at high pT. It will evi-dently be rather hallenging to disentangle the ontribution of the di�erentsoures.

π0 → γγ

Fig. 3. Shemati distribution of single photons from di�erent soures.5. The LHCThe LHC will potentially start to ollide protons at ps = 14 TeV inearly 2006 and will provide the �rst heavy-ion ollisions (Pb�Pb) towardsthe end of its �rst year of operation at a total .m.s. energy of 1148 TeV(ps = 5:5 TeV per nuleon for Pb�Pb). The sharing between proton andion runs is expeted to be similar to the one used in the past at the SPS,i.e., a long proton run (107 s e�etive time) followed by a few weeks (106 s)of heavy-ion or proton�nuleus ollisions. The ion luminosity is limited forheavy systems by the short beam life-time and by the energy depositionin the super-onduting mahine magnets (quenh protetion). It reahesvalues between 3� 1031 m�2s�1 for light ions (O16) and 1027 m�2s�1 forPb ions. Proton� or deuteron�nuleus ollisions are feasible and foreseen,however, only at equal magneti rigidity per beam as the bending �eld isidential in both rings (`two-in-one' magnet design of the LHC). Furtherinformation on heavy-ion operation of the LHC an be found in Ref. [23℄.



1658 H.R. Shmidt6. The ALICE experimentALICE is a general-purpose heavy-ion detetor designed to study thephysis of strongly interating matter and the quark�gluon plasma in nuleus�nuleus ollisions at the LHC. The Collaboration urrently inludes morethan 900 physiists and senior engineers � both from nulear and high-energy physis � from about 77 institutions in 28 ountries.

Fig. 4. Artists view of the ALICE detetor.ALICE (see �gure 4) onsists of a entral part, whih measures event-by-event hadrons, eletrons and photons, and a forward spetrometer to mea-sure muons. The entral part, whih overs polar angles from 45Æ to 135Æover the full azimuth, is embedded in the large L3 solenoidal magnet. Itonsists of an Inner Traking System (ITS) of high-resolution silion trak-ing detetors, a ylindrial Time-Projetion-Chamber (TPC), three parti-le identi�ation arrays of Time-of-Flight (TOF), Ring Imaging Cherenkov(HMPID) and Transition Radiation (TRD) detetors and a single-arm ele-tromagneti alorimeter (PHOS). The forward muon arm (2Æ�9Æ) onsistsof a omplex arrangement of absorbers, a large dipole magnet, and four-teen stations of traking and triggering hambers. Several smaller detetors(ZDC, PMD, FMD, CASTOR, T0, V0) are loated at forward angles.



Status and Prospets of the CERN-LHC Experiment ALICE 1659In the following we will desribe in more detail two of the ALICE sub-detetors, whih are essential for the measurement of quarkonia and openharm/bottom at midrapidity the time-projetion-hamber [24℄ and the re-ently introdued Transition Radiations Detetor (TRD) [25℄. We will de-sribe not only the layout of the detetor but also the tehnial hallengesand solutions to make them work in the high partile density environmentof LHC Pb�Pb interations. The inner traking system [26℄, equally impor-tant for the apability of ALICE to measure high pT eletrons and openharm/bottom, will not be overed in this paper.6.1. TPC6.1.1. TPC layoutThe overall aeptane of the TPC is �0:9 < � < 0:9. To over thisaeptane the TPC is of ylindrial design with an inner radius of about80 m, an outer radius of about 250 m, and an overall length in the beamdiretion of 500 m. A shemati layout of the ALICE TPC is shown in�gure 5.
readout chamber

HV electrode (100 kV)

field cage

Fig. 5. ALICE TPC showing the entral eletrode, the �eld age and the end plates.The TPC �eld age provides a highly uniform eletrostati �eld in aylindrial high-purity gas volume to transport primary harges over longdistanes (2.5 m) towards the readout end-plates. The �eld on�gurations isde�ned by a high-voltage (up to 100 kV) eletrode loated at the axial enterof the ylinder. A mixture of NeCO2 is hosen as a drift gas, as is urrentlyused in the NA49 (90%/10%) and CERES (80%/20%) SPS experiments.



1660 H.R. ShmidtThe readout hambers (ROC) are basially onventional multiwire pro-portional hambers with athode pad readout as used in many TPCs before.In detail, their onstrution, however, requires to overome signi�ant teh-nial hallenges as disussed below. The overall area to be instrumented is32.5 m2. The azimuthal segmentation of the readout plane follows that ofthe subsequent ALICE detetors, leading to 18 trapezoidal setors, eah ov-ering 20 degrees in azimuth. The radial derease of the trak density leads tohanging the requirements for the readout hamber design as a funtion ofradius. Consequently, there will be two di�erent types of readout hambers,the inner and outer hambers. Eah outer hamber is further subdivided intotwo setions with di�erent pad sizes, leading to a triple radial segmentationof the readout plane, with 557568 readout pads in total.6.1.2. TPC hallengesThe most obvious negative onsequene of a high trak density is theorresponding high oupany of the readout hannels. In the following weshow that a simple inrease in the readout granularity would be of limitedhelp if not aompanied by a number of other measures.6.1.2.1 Pad sizeA su�ient number of pads per harge luster in terms of position reso-lution is 2�3. Thus an inrease in the number of pads is sensible only if theindued harge from the (point-like) avalanhe spreads over no more than2�3 pads. This an be ahieved by reduing the distane between anodewire and pad plane. However, at a ertain point the distane HV-GND getsritial. There are also other reasons why it makes little sense to dereasethe pad size beyond a ertain limit: the width of the harge loud after250 m of drift is of the order of mm depending on the hoie of the driftgas and voltage. I.e., any redution of the pad beyond a ertain size resultsin an oversampling of the trak without any gain of information.6.1.2.2 Time diretionThe situation in time diretion is similar: one ould think of inreasingthe frequeny of the time sampling, however, as di�usion ours also inlongitudinal diretion this would result as well in an oversampling of thepulse. The hoie of a shorter shaping time is limited by the fat that below150�200 ns shaping time, the signal/noise ratio beomes ritial.6.1.2.3 OptimizationFrom the above onsiderations one is left with the following measures tooptimize for best performane in a high density environment:



Status and Prospets of the CERN-LHC Experiment ALICE 1661(1) Minimization of the di�usion, i.e. hoie of a �old� gas (NeCO2, 90�10) and a high drift �eld (400 V/m).(2) Choie of a minimal pad area (A = 30 mm2) whih still gives a rea-sonable signal; this implies(a) the proper hoie of the anode-pad distane (2 mm) to have thedesired pad response funtion (PRF), and(b) a high gain, beause the faint signal from the small pad needshigh ampli�ation. This an be done both by gas and eletroniampli�ation, however, to optimize the signal/noise ratio (S=N >20) a high gas gain (2� 104) and low eletroni gain (12 mV/fC)is preferable. This hoie should lead to a number of equivalentnoise eletrons below 1000.(3) For a given pad area the proper hoie of the aspet ratio (4�7:5 mm2)will further derease the number of pads oupied by a luster. Theprinipal reason for this is that the traks are oriented in a preferreddiretion, i.e., radially.6.1.2.4 Long term stabilityIn priniple, the long term behavior of gaseous detetors is not testable,as the only halfway realisti test would require an exposure of the hambersat rates and durations omparable to the experimental onditions. For anexpeted running time of several years this is not possible for obvious reasons.One resorts, therefore, to short time tests with high intensity exposure toaumulate at least as muh harge per unit length anode wire (where theampli�ation takes plae) as in the experiment. In our ase we exposed ananode area of about 1 m2 with a strong 55Fe soure for about 2000 hrs.The resulting anode urrent of 25 nA was monitored and found to be stablefor the whole measurement period. The orresponding harge/unit lengthof the anode wire is alulated to be 60 mC. This has to be ompared withan estimated aumulated harge of 1.1 mC per m wire and ALICE year(1 ALICE year = 106 s).6.1.2.5 Spae hargeThere are two distint soures of spae harge in the TPC drift volume:(1) positive ions from primary ionization by a harged partile, and(2) positive ion leaking bak from the ampli�ation zone into the driftspae.



1662 H.R. ShmidtOwing to the muh smaller mobility of the ions, as ompared to theeletrons, a quasi-stationary positive harge will distort the drift �eld signif-iantly. While (1) is unavoidable and leads to distortions of the traks of upto 0.5 mm for NeCO2 as drift gas, (2) ould ause muh larger distortions ifthe ion feedbak is not su�iently bloked by the gate. This is partiularlydangerous at the high ampli�ation of 2 � 104 in the present ROC's. Firsttests on prototype hambers showed indeed that ions leak bak into the driftspae even with gate losed. Two-dimensional alulations of the �eld on-�guration revealed that the ion-leaks were loated at the radial borders ofthe hamber, i.e., at the disontinuities of the otherwise regular gating gridstruture.To irumvent the problem eletrostati �shims� were introdued to op-timize the �eld geometry. The gating ine�ieny was assessed by mea-suring the drift eletrode urrent as a funtion of the gating o�set voltage(f. Fig. 6). At high gating o�set voltage the measurement was limited bythe sensitivity of the ammeter of � 10 pA. An upper limit of 0:5� 10�4 forthe gating ine�ieny was dedued. This, together with an ampli�ation of2� 104 results in less than 20 ions/m trak oming from the ampli�ationand is of the same order of magnitude as the ions from primary ionization.
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Fig. 6. Gating e�ieny as a funtion of the o�set voltage applied to the gatinggrid.6.1.2.6 High rateSo far, previous TPC's have not yet been operated both at high gain andat high trak density. It is thus questionable whether under those onditionsthe hamber an be operated stably at all. A test was performed at GSI



Status and Prospets of the CERN-LHC Experiment ALICE 1663employing a full size inner readout hamber. The hamber was irradiatedwith seondaries from a 12C beam hitting a thik target. By varying thetarget thikness and/or the beam intensity trak densities from overlappingevents, similar to LHC Pb + Pb ollisions, ould be reahed. It turned outthat the hamber ould sustain several tens of �A anode urrent withoutsigns of instability.6.1.2.7 Simulation resultsEven after the optimization steps desribed above one is left with an o-upany exeeding 50% at the innermost radius for an assumed multipliityof dNh=dy = 8300 plus bakground (� 30%). Previous experiene from theNA49 experiment demonstrated that the traking e�ieny is redued dra-matially for oupanies above 20%. The situation, however, is di�erent fora �xed target experiment as NA49 and an experiment in ollider geometrywhere the trak density dereases quadratially with the radius. The ALICEtraking group has adopted novel traking algorithms whih are based onloal methods, i.e., the traking starts at the outer parts of the TPC andproeeds to smaller radii. No global trak model is needed in this ase. Em-ploying the Kalman �ltering leads to an aeptable e�ieny, i.e., of 88%of all reognizable traks are found with only 2% of fake traks. At present,the momentum resolution is evaluated for the TPC only, i.e., the onnetionto the other traking detetors � ITS at small radii and TRD at large radii� is not inluded in the traking algorithms. The momentum resolution�p=p at 1 GeV/ is found to be 2.4%, whih is lose to the expetation ofthe Tehnial Design Report [24℄. For high momentum traks with p > 5GeV/ the resolution is at present > 14%, learly not good enough for highpT physis. However, with the additional information from the other trak-ing detetors it is expeted that the resolution for high momentum trak iswell below 5% [25℄.The simulations yield a dE=dx resolution of 8�9% in the high trakdensity environment, while the resolution of a single, isolated trak is � 5%,whih is lose to the optimum. Thus the partile identi�ation properties ofthe TPC are as good as they an possibly be under the given irumstanes.6.2. TRDTransition Radiation Detetors are used in high energy experiments toimprove the identi�ation of eletrons with respet to pions for momentabetween � 1 and 100 GeV/ (see [27℄ for a review on TRD's). A proposalto add a TRD [28℄ to the ALICE experiment was approved in May 1999.Inreasing the pion rejetion power by at least a fator of 100 for momentaabove 2 GeV/, the TRD will allow the study, in the entral region of theALICE detetor, of various aspets of di-eletron physis. Among them



1664 H.R. Shmidtare the prodution of quarkonia like J=	 and 	 ' and the members of the� -family, as well as the prodution of open harm and open beauty. Animportant aspet towards this goal is using the TRD as an on-line triggerfor high momentum eletrons [13, 28℄.The ALICE TRD is omposed of a radiator of up to 5 m thiknessand a photon detetor, the latter being a drift hamber with a 3 m driftzone and an ampli�ation region of 5�6 mm. To ope with the large hargedpartiles multipliities expeted in Pb + Pb ollisions at LHC and to providethe neessary position resolution for trak reonstrution, the readout of thedrift hamber is done on a hevron pad plane. The hevron has a width of10 mm and the hevron step is tailored to the anode wire pith of 5 mm. Eahpad is onneted to a preampli�er whose output is fed into a Flash-ADC,sampling the drift time of up to 2 �s with a frequeny of 10�20 MHz, . Thedetetion gas of the drift hamber will be a Xe-based mixture to failitate ane�ient absorption of the transition radiation photons with typial energiesbetween 4 and 30 keV. Six layers will surround the interation point in fullazimuth at radial distanes from 2.9 to 3.7 meters and will math in polarangle the aeptane of the TPC (45Æ < � < 135Æ). A total number of540 sub-detetors will add up to a total surfae of the TRD of about 800 m2,with a typial single module dimensions of 1:1� 1:3 m2. With a pad size ofabout 6 m2, the total number of hannels will be up to 1:2�106, dependingon the �nal geometrial on�guration.6.2.1. Pion rejetion in high density environmentTRD's have proven to have pion rejetion up to a fator of 500�1000[27, 29, 30℄. This number, however, will inevitably deteriorate in a hightrak density environment due to trak misidenti�ation. The derease ine�ieny is estimated by embedding traks of �xed momentum into highmultipliity events (dNh=dy up to 8000). The result of the simulation isshown in �gure 7 demonstrating that the performane is � even at thehighest dN=dy � lose to the desired value of pion rejetion fators > 100.6.2.2. High pT eletron triggerOne of the most essential aspets of the TRD is its apability to triggeron high pT eletrons. Only this feature allows at all the � -measurementat mid rapidity, J=	 spetrosopy at large momenta and jet detetion withenergies > 100 GeV. The most demanding part is the online traking ofthe full event with high enough quality to selet events that our withprobabilities of the order of 10�5.
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Fig. 7. The pion e�ieny as a funtion of the eletron e�ieny for di�erent eventmultipliities and traks of p = 2 GeV/ total momentum.The basi idea of the trigger system is to �nd high-momentum eletronsand separate them from pions by a reonstruted trak line and a transi-tion radiation signature. The eletron-pion separation is performed via theTR photons, whih are primarily deteted at the end of the drift-time. Thetrak reonstrution algorithm takes into aount the known trak model forhigh-pT partiles. Suh partile traks are essentially perpendiular to thereadout hambers pad plane, negleting the Lorentz angle and the fat thatthe hambers are �at. Only a small number of hannels is required to readout a omplete trak, allowing for the implementation of a trak-let reon-strution engine in a highly parallel fashion (� 70000 units). The onept ofthe trigger is shematially shown in �gure 8. Loal trak-lets are searhedindependently in all hambers of the detetor in parallel proessors; andi-dates of sti� trak-let (>2 GeV/) are shipped to a Global Traking Unit(GTU) whih selets high pT traks (>2.7 GeV/) from the information sentto Loal Traking Units (LTU's). The result of the online traking is trans-mitted to the ALICE trigger on a time sale below 6 �s. This time is stillsmall ompared to the drift time (88 �s) in the TPC, hene no informationis lost.
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Fig. 8. Trigger sheme.6.2.3. B and D mesonsB and D mesons are identi�ed via their semi-leptoni deay. The �nitelifetime of B and D mesons, � = 496 �m and � = 315 �m , respetively, isused to separate eletrons oming from B and D deays from those originat-ing from other (promptly deaying) partiles (�0; �; !; �; J=	) as desribedin the TRD TP [28℄. It is based on the seletion of non-primary high pTeletrons by optimizing seletion riteria based on their transverse distaneof losest approah to the primary vertex, d0, and on their pT. The orre-sponding spetra are shown in �gure 9 and �gure 10.Furthermore, sine the quark and the gluon struture funtions are likelyto be di�erent at LHC energies, one annot use the Drell�Yan ontinuumas a onvenient normalization for the J=	 measurements. Moreover, theDrell�Yan ross setion is expeted to be ompletely masked by the openharm ontinuum. However, a diret measurement of the open harm yieldsimultaneously with the yield of quarkonia will provide a natural normal-ization and a gauge against whih to quantify the expeted suppression ofquarkonia.
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1668 H.R. ShmidtThe deay of B mesons an produe signi�ant numbers of J=	 mesons,espeially at large pT. This is demonstrated in �gure 11, where the transversemomentum distribution for diretly produed J=	 mesons is ompared tothe expeted distribution of J=	 's from B deay. The alulations wereperformed assuming no suppression for the primary J=	 mesons. If onewants to be sensitive to suppression fators of 10 or more and if one wants toaddress the pT dependene of the suppression, it is obvious that the B deayhannel needs to be measured. Another issue is the seondary prodution ofJ=	 mesons from the annihilation of D mesons, i.e. the proess D +D !J=	+�. Estimates for the yield due to this proess have reently been given[31℄. For presently disussed values of the ross setion forD+D ! J=	+�,the seondary prodution ould seriously obsure the expeted suppressionin the plasma. It is, therefore, lear that a lean interpretation of J=	prodution data an only be obtained through a omprehensive measurementof open harm prodution.Di�erently from the J=	 the� is a rare partile: a dN=dy(� ! e+e�) =10�5 (min bias) yields in total 25000 � 's in the ALICE geometrial aep-tane within 106 s and at L = 1027 m�2s�1. Without � -trigger, about 200would be reorded onto tape. A simulation of the TRD trigger apabilitiesof orrelating high pT traks within < 6 �s yields an enrihment fator ofabout 15 for � 's. Thus, only with the trigger apabilities of the TRD a �measurement at mid-rapidity seems possible.
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