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Abstract
A di-electronspectrum,measuredby CERESin Pb-Aucollisionsat 40 GeV
per nucleon,exhibits an enhancementover the level expectedfrom hadron
decays. The enhancementis similar to the oneseenpreviously in the data
acquiredwith thefull SPSenergy. In addition,theupgradedCERESallowsfor
high statisticshadronmeasurements.Someresultsfrom thesemeasurements
atvariousbeamenergiesarepresented.

1 Intr oduction

CERESis a dileptonexperimentat the CERN SPS[1]. Built andcommissioned
in the early nineties,it becameknown for its observation of enhancedproduction
of low massdi-electronpairs in S-Au andPb-Au collisionsat the respective full
SPSenergiesof 200 and160 A �GeV[2, 3, 4]. The enhancementturnedout to be
absentin protoninducedcollision – there,the measuredpair distributionsagreed
well with theonesexpectedfrom hadrondecays[5]. Thefactthattheenhancement
is characteristicto heavy ion systemsand,moreover, limited to invariantmasses
above approximatelytwice the pion mass,indicatesthat pion annihilation �����
��� e� e� mightbetheunderlyingprocess.However, theshapeof theenhancement
is notconsistentwith thespectralshapeof the � meson.To accountfor thedata,the� peakneedsto beshiftedand	 or broadened.Ontheotherhand,accordingto theory,
thisis exactlywhathappenswhenthe� is immersedin highdensityhadronicmatter.
Thetwo mostprominenttheoreticalapproachespredicta shift of thepeakto lower
masses[6] or a broadeninganda slight shift up [7]. Thebeamenergy dependence
mayhelpto distinguishbetweenthesetwo scenarios.This is why CEREStookdata
in a low energy (40 A �GeV) run at theSPSin 1999. Preliminaryresultsfrom this
run werepresentedat theQuarkMatter2001conference[8]. In this contribution I
show anupdateddileptonspectrumandsomeof therecenthadronicresults.

2 Experiment

The upgradeof CERESby a radial time projection chamber(TPC) allowed to
separatetwo key functionsof the apparatus,tracking and particle identification,



while retainingthe cylindrical symmetry. The upgradedexperimentis shown in
Fig. 1. Chargedparticlesemittedfrom the segmentedtarget with pseudorapidity
2.1
��

 2.65first passthroughtwo silicon drift detectors(SDD) locatedat 100mm
and138 mm from the target. The combinedinformationof thesedetectorsgives
theinteractionvertex with accuracy � z � 200 � m, zbeingalongthebeamaxis,and
allows to selectproductsof weakdecays.Subsequently, theparticlestraversetwo
RICH detectorswith � THR � 32 for electronidentification. In theupgradedCERES
themagneticfield betweenthetwo RICHeshasbeenswitchedo� andthustherings
becamealigned.Thee� ciency of thecombinedRICHesfor electronsandhadrons
is 0.94and0.05,repectively, theremaininghadronsbeinghardpions. Finally, the
particlescrossthe newly built TPC [9]. The ionisationelectronsdrift outward to-
wardsreadoutchambers.The electricfield is inverselyproportionalto the radius
andthusthedrift is fastestwherethehit densityis highest.Thesemi-radialmag-
neticfield bendsparticletracksin azimuthaldirection.Thedesignmomentumres-
olution is suchthat the reconstructed� masspeakshouldhave a 2% width. The
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Figure 1: The upgradedCERESsetupin 1999 and 2000. The apparatushasa
cylindrical symmetry. The beamentersfrom the left. The silicon detectorsgive
trackingandvertex reconstruction,theRICHesparticleidentification,andtheTPC
measuresmomentumandenergy loss.



energy lossin theTPCcanbeusedfor additionalparticleidentification.A typical
centralPb-Auevent,afterzerosuppression,hasa sizeof 0.5 MByte. Typical data
acquisitionrateis 200-600eventsperSPSburst,dependingonthecentralitytrigger
threshold.

3 Leptons in Pb-Au collisionsat 40 A GeV

The 40 A �GeV Pb-Au run took placein fall 1999. About 8� 106 eventswith 30%
centralitywererecorded.A malfunctioningTPCreadoutseriouslylimited thee� -
ciency. The invariantmassdistribution for e� e� pairsis obtainedin the following
way. First, electronsare identified by requiring that ten or more photonhits in
RICH1 andRICH2 form a ring with anappropriate(i.e. asymptotic)radius. Sec-
ond,a transversemomentumof at least0.2GeV	 c is requestedin orderto suppress
e� e� pairs from � 0 Dalitz decayaswell aspairsproducedvia photonconversion
in target andin thesilicon detectors.Third, misidentifiedpionsareremovedby a
cut on energy lossin theTPC.Fourth,thoseconversionandDalitz pairs,which are
toocloseto maketwo separatedringsin RICHes,areremovedby anupperlimit on
the energy loss in the silicon detectors.Fifth, electrontrackswhich have another
SDD-RICHtrackcandidatewithin 70 mradareremoved.Sixth,electrontracksare
combinedin pairsandfor eachpair the invariantmassis calculated.Unlike-sign
pairswith invariantmassbelow 0.2 GeV	 c2 areassumedto beDalitz pairs. These
pairsarekeptbut the two legsareexcludedfrom further combinatorics.Seventh,
twice the geometricalaverageof the two like-signinvariantmassdistributions is
subtractedfrom theunlike-signone.Undertheassumptionthattherearenosources
of correlatedlike-signpairsthis removesthecombinatorialbackground.A detailed
descriptionof theelectronanalysiscanbefoundin [10] and[11].

Thecutssuppressunwantedbackgroundby ordersof magnitudewhile the ef-
ficiency for openpairsis still about50%. This number, combinedwith the losses
duringidentificationandtracking,givesanoverall pair e� ciency of 0.05.Thee� -
ciency correctedinvariantmassdistributionshowsanenhancementoverthecocktail
of pairsexpectedfrom hadrondecays(Fig. 2, left panel). Theexcessis similar to
(or evensomewhat larger than)theoneobservedat full SPSenergy. Calculations
which includethemodificationof the � spectralfunction[12] agreequitewell with
the data,asshown in the right panelof Fig. 2. The lowest(thin solid) curve rep-
resentsa cocktailwithout � . The calculationsbasedon � � � � annihilationwith an
unmodified� , a dropping,anda broadened� massareshown asa thin dashed,a
thick solid, anda thick dashedline, respectively. The cocktail andthe theoretical
calculationshave thecurrentexperimentalmassresolution(twice thedesignvalue)
folded in. The statisticalerrorsof the measurementdo not allow to falsify any of
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Figure2: Invariantmassdistribution of e� e� pairsrecordedin centralPb-Au col-
lisions at 40 A �GeV. Left: the dataexceedthe level expectedfrom hadrondecays
(“cocktail”) in themassrangebetween0.2GeV	 c2 andm� . Right: reasonableagree-
mentwith calculationswhich includepion-pionannihilationwith mediummodifi-
cationsof the � spectralfunction.

thetwo considered� modificationscenarios.Both kindsof modificationbring the
shapeof thedistribution closerto thedataandalsoto thecalculationbasedon qq̄
annihilation(thick dash-dottedline in theright panelof Fig. 2). In fact,aswasno-
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Figure 3: CERES e� e� mass distribution from central Pb-Au collisions at
160 A �GeV (left) and at 40 A �GeV (right), comparedto a calculationincluding
thermalradiationfrom QGP[13].



ticedbyB. Kämpfer, addingthethermalqq̄annihilationchannelto thehadrondecay
cocktailallows to reproducenicely thedi-electronspectrameasuredby CERESat
40 andat 160 A �GeV (Fig. 3). At 160 A �GeV the samecalculationexplains the
dimuon excessat intermediatemassesseenin NA50, otherwiseattributed to en-
hancedopencharmproduction,andthedirectphotonsobservedby WA98 [13].

4 Centrality dependenceof hadron yields in Pb-Au collisionsat
40A GeV

The negative hadronyield, measuredin Pb-Au collisionsat 40 A �GeV, showed a
faster-than-linearincreasewith the numberof participants[8]. The measurement
coveredthe top 30% of the geometricalcrosssectionof 6.9 barn. The numberof
participantswasdeterminedusingtheUrQMD 1.2eventgenerator[14]. Theresult,
shown in the left panelof Fig. 4, wasintriguing becausea similar e� ecthadbeen
observed at the AGS [15], wasshown to be practicallyabsentat the full SPSen-
ergy [16], andfinally reappearedat RHIC whereit wasinterpretedasthesignature
of hadronproductionin hardprocesses[17]. However, thenumberof participants
Npart, andwith it the considerede� ect, is obviously modeldependent.Whenthe
nuclearoverlapmodel[18] is usedto determineNpart for eachcentralityclass,the
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Figure4: Dependenceof thehadronyield oncentrality. Thenumberof participants
Npart wasdeterminedusingUrQMD 1.2(left) andvia a nuclearoverlapcalculation
(right).
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Figure5: Left: Numberof participantsin UrQMD (contour)andin thegeometrical
overlapmodel(line). For comparison,VENUS eventgeneratoris shown asboxes.
The collision systemis Pb% Au at 40 (UrQMD) or 80 (VENUS) A �GeV. Right:
distribution of nucleonswithin a Pbnucleususedin UrQMD 1.2 (arbitraryunits).
Thedashedline correspondsto aconstantdensityof 0.17fm� 3.

non-linearincreasenearlydisappears,asshown in theright panelof Fig. 4. In fact,
a comparisonof the two modelsdemonstratesthat UrQMD hasa systematically
highernumberof participantsthantheoverlapmodelat thesameimpactparameter
(Fig. 5). Thediscrepancy is muchlargerthantheNpart fluctuationsin UrQMD and,
as it seems,hastwo reasons.The first reasonis that the distribution of nucleons
within a nucleus,usedin UrQMD 1.2, exhibits a spuriouspeakcloseto the edge
of thenucleusasshown in theright panelof Fig. 5. Thepeakis a sidee� ectof an
attemptto implementthePauli principle.Theproblemis currentlyunderinvestiga-
tion andwill befixedin thenext releaseof UrQMD [19]. Thesecondreasonfor a
di� erencebetweenUrQMD anda geometricaloverlapmodelis of a moregeneral
nature.While in theoverlapmodelthenucleontrajectoriesarestraightandto be-
comea participanta projectile(target)nucleonhasto collide with oneof thetarget
(projectile)nucleons,in UrQMD thenucleonscan,in addition,becomeparticipants
by gettinghit by a secondaryparticle. This leadsto the questionwhich of these
two di� erentphysicalquantitiesonewantsto normalizehadronyields to. Since
a secondaryparticlepunchingthroughthe spectatormatterdoesnot significantly



contributeto hadronproduction,theNpart from theoverlapmodelseemsto bemore
appropriatefor normalizationpurposes.In fact,theoverlapapproachis widely used
for this at RHIC.

The popularity of the geometricaloverlap approachgrew enormouslyin the
recentyears. Trying to be useful and fashionableat the sametime we put our
versionon the web [20]. The numberof participantsand the numberof binary
collisionsfor agivencollisionsystemandagivencentralitycanbecalculatedusing
a web interface. The beamenergy entersonly via the inelasticnucleon-nucleon
crosssectionwhichincreasesfrom about30mbatSPSto about60mbatLHC. The
userhasachoicebetweenthesharpsphereandtheWoods-Saxondensityprofile.

5 & production in Pb-Au collisionsat 40 A GeV

Usingnegativechargetrackswith pT ' 0.25GeV	 candpositiveoneswith pT ' 0.5GeV	 c
andassumingfor them,respectively, to be � � andprotons,( decayswererecon-
structedin theCERESdatafrom Pb-Aucollisionsat40A �GeV[21]. Thetwo tracks
wererequestedto comefrom acommonvertex. A requirementfor this vertex to be
displacedby at least50 cm from thetargetwasoptionallyusedto obtaina clean(
sample.With all the cutstheacceptancefor ( s with pT � 2 GeV	 c wasabout1%.
Thereconstructed( massandlifetime (Fig. 6) agreewith thePDGvalues.The (
masspeakis wider thanexpectedbasedon simulationsbecausethecalibrationof
theTPC is still in progressandthedesignmomentumresolutionhasnot yet been
reached.
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The ; measurementis interestingbecauseof the peakin the strangeness-to-
entropy ratio predictedto be therearoundthis beamenergy [22]. However, the
slopesand the yields determinedin our measurementsmoothlyfollow the beam
energy systematicsanddo notsupportthis expectation(Fig. 7).

6 Event by event fluctuations of transversemomentum and of
electric charge

A preliminaryanalysisof transversemomentumfluctuationsin theCERESPb-Au
dataat 160A <GeV gave a = pt of 9> 2 MeV? c. The = pt variablewasintroducedin
[23] and is definedsuchthat it shouldbe zero if the fluctuationswere of purely
statisticalnature. The non-zerovalueof = pt, obtainedfrom analysisof CERES
data,wassomewhatsurprisingbecauseit apparentlycontradictedthe well known
zero-resultof NA49 [24]. Thediscrepancy is lifted whenthedatais plottedversus
rapidity: the zero-resultof NA49 andthe non-zerooneof CERESwereobtained
for forward- andmid-rapidities,respectively. Recentpreliminaryanalysisof the
NA49 data,performedin rapidity binsof the0.5 unit width, givesa = pt smoothly
decreasingfrom 10-15MeV? c at midrapidity to aboutzeroin forward rapidity, in
agreementwith boththeCERESresultandtheearlierNA49 one.



It hasbeensuggestedrecently that the magnitudeof charge fluctuationsob-
served event-by-event can be usedas a QGP signature[25, 26]. The D observ-
able, definedas four times the ratio betweenthe varianceof net charge and the
meanchargedparticlemultiplicity, aftercorrectingfor acceptanceandfor theinitial
isospinasymmetrywaspredictedto be4 for hadrongas,3 for hadrongaswith reso-
nances,and1 for QGP. A preliminaryanalysisof CERESdataat80and160A �GeV
yieldsa valueof slightly above 4, in agreementwith thepreliminaryNA49 result.
This valueis in contradictionwith the theoreticalexpectation,given the common
belief thatat 160A �GeVthecollisionsystemgoesthroughtheQGPphase.

7 Summary

Analysisof the40A �GeVdata,takenin 1999,hasbeenpracticallycompleted.The
low massdileptonspectrumat 40 A �GeV shows an excesssimilar or larger than
theoneobservedpreviously at full SPSenergy. Thepreviously reportedenhanced
hadronproductionin centralcollisionsat40A �GeVstronglydependsonthemodel
usedto obtainNpart andis muchreducedwhenasimplegeometricaloverlapmodel
is beingusedinsteadof UrQMD. The ( yield at 40 A �GeV shows no indicationof
strangenessenhancementabove the level expectedfrom the interpolationbetween
the full energy AGS andSPSmeasurements.Non-statisticalevent-by-event fluc-
tuationsof transversemomentumwereobservedin theCERESdata,subsequently
confirmedby NA49. Theamountof chargefluctuationsis characteristicto hadron
gas.Thishasnotyet beenunderstood.
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