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Abstract
A di-electronspectrummeasuredy CERESIn Pb-Au collisionsat 40 GeV
per nucleon,exhibits an enhancementver the level expectedfrom hadron
decays. The enhancemenis similar to the one seenpreviously in the data
acquiredwith thefull SPSenegy. In addition,theupgradedCERE Sallowsfor
high statisticshadronmeasurementsSomeresultsfrom thesemeasurements
atvariousbeamenegiesarepresented.

1 Intr oduction

CERES:is a dileptonexperimentat the CERN SPS[1]. Built and commissioned
in the early nineties,it becameknown for its obsenation of enhancegroduction
of low massdi-electronpairsin S-Au and Pb-Au collisions at the respectre full
SPSenegiesof 200and160 A-GeV|[2, 3, 4]. The enhancemeniurnedout to be
absentin protoninducedcollision — there,the measuregair distributionsagreed
well with the onesexpectedrom hadrondecayd5]. Thefactthattheenhancement
is characteristido heary ion systemsand, morewer, limited to invariantmasses
above approximatelytwice the pion mass,indicatesthat pion annihilationzr —
p — e*e mightbetheunderlyingprocessHowever, the shapeof theenhancement
is notconsistentvith thespectrakhapeof thep meson.To accounfor thedata,the
p peakneedgo beshiftedandor broadenedOntheotherhand,accordingo theory
thisis exactlywhathappensvhenthep isimmersedn highdensityhadronicnatter
Thetwo mostprominenttheoreticalapproachegpredicta shift of the peakto lower
masse$6] or abroadeninganda slight shift up [7]. Thebeamenegy dependence
may helpto distinguishbetweertheseiwo scenariosThisis why CEREStook data
in alow enegy (40 A-GeV) run at the SPSin 1999. Preliminaryresultsfrom this
run were presentedt the QuarkMatter 2001 conferencd8]. In this contribution |
shov anupdateddileptonspectrumandsomeof therecenthadronicresults.

2 Experiment

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



while retainingthe cylindrical symmetry The upgradedexperimentis shovn in
Fig. 1. Chaged particlesemittedfrom the segmentedtarget with pseudorapidity
2.1<n<2.65first passthroughtwo silicon drift detector{SDD) locatedat 100 mm
and 138 mm from the target. The combinedinformation of thesedetectorgyives
theinteractionvertex with accurag Az = 200um, z beingalongthe beamaxis,and
allows to selectproductsof weakdecays.Subsequentlythe particlestraversetwo
RICH detectorswith yryr=32 for electronidentification. In the upgradedCERES
themagnetidield betweerthetwo RICHeshasbeenswitchedoft andthustherings
becamaligned. Theefficieng/ of the combinedRICHesfor electronsandhadrons
is 0.94and0.05, repectvely, theremaininghadronsbeinghardpions. Finally, the
particlescrossthe newly built TPC[9]. Theionisationelectronsdrift outward to-
wardsreadoutchambers.The electricfield is inverselyproportionalto the radius
andthusthe drift is fastestwherethe hit densityis highest. The semi-radialmag-
neticfield bendsparticletracksin azimuthaldirection. The designmomentunres-
olution is suchthat the reconstructedv 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 detectorggive
trackingandvertex reconstructionthe RICHesparticleidentification,andthe TPC
measuresnomentumandenegy loss.




enepy lossin the TPC canbe usedfor additionalparticleidentification. A typical
centralPb-Au event, after zerosuppressionhasa sizeof 0.5 MByte. Typical data
acquisitionrateis 200-600eventsper SPShurst,dependingon the centralitytrigger
threshold.

3 Leptonsin Pb-Au collisionsat 40A-GeV

The 40 A-GeV Pb-Au run took placein fall 1999. About 8-1C° eventswith 30%
centralitywererecorded. A malfunctioningTPC readoutseriouslylimited the effi-
cieng. Theinvariantmassdistribution for e"e” pairsis obtainedin the following
way. First, electronsare identified by requiring that ten or more photonhits in
RICH1 andRICH2 form aring with an appropriatgi.e. asymptotic)radius. Sec-
ond,atransersemomentunof atleast0.2 GeV/c is requestedn orderto suppress
ete  pairsfrom n° Dalitz decayaswell as pairs producedvia photoncorversion
in targetandin the silicon detectors.Third, misidentifiedpionsareremoved by a
cuton enegy lossin the TPC. Fourth,thosecorversionandDalitz pairs,which are
too closeto make two separatedingsin RICHes,areremovedby anupperlimit on
the enegy lossin the silicon detectors.Fifth, electrontrackswhich have another
SDD-RICHtrack candidatevithin 70 mradareremoved. Sixth, electrontracksare
combinedin pairsandfor eachpair the invariantmassis calculated. Unlike-sign
pairswith invariantmassbelowv 0.2 GeV/c? areassumedo be Dalitz pairs. These
pairsarekeptbut the two legs are excludedfrom further combinatorics.Seventh,
twice the geometricalaverageof the two like-signinvariantmassdistributionsis
subtractedrom theunlike-signone.Undertheassumptiorthatthereareno sources
of correlatedik e-signpairsthis removesthe combinatoriabackgroundA detailed
descriptionof the electronanalysiscanbefoundin [10] and[11].

The cuts suppressinwantedbackgroundoy ordersof magnitudewhile the ef-
ficiengy for openpairsis still about50%. This number combinedwith the losses
duringidentificationandtracking,givesanoverall pair efficieng/ of 0.05. The effi-
cieng correctednvariantmasdistributionshavsanenhancemeraverthecocktail
of pairsexpectedfrom hadrondecayg(Fig. 2, left panel). The excessis similar to
(or evensomavhatlargerthan)the oneobsenredat full SPSenegy. Calculations
whichincludethe modificationof the p spectrafunction[12] agreequite well with
the data,asshown in the right panelof Fig. 2. The lowest(thin solid) curve rep-
resentsa cocktail without p. The calculationsbasedon n*z~ annihilationwith an
unmodifiedp, a dropping,anda broadeneg massare shovn asa thin dasheda
thick solid, anda thick dashedine, respectrely. The cocktail andthe theoretical
calculationshave the currentexperimentaimassresolution(twice the designvalue)
foldedin. The statisticalerrorsof the measuremerdo not allow to falsify any of
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Figure2: Invariantmassdistribution of e*e~ pairsrecordedn centralPb-Au col-
lisions at 40 A-GeV. Left: the dataexceedthe level expectedfrom hadrondecays
(“cocktail”) in themassangebetweerD.2GeV/c? andm,. Right: reasonablegree-
mentwith calculationswhich include pion-pionannihilationwith mediummaodifi-
cationsof the p spectralfunction.

thetwo consideregp modificationscenarios Both kinds of modificationbring the
shapeof the distribution closerto the dataandalsoto the calculationbasedon qq
annihilation(thick dash-dottedine 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].



ticedby B. Kampfer addingthethermalgq annihilationchanneto thehadrondecay
cocktail allows to reproducenicely the di-electronspectrameasuredy CERESat
40 andat 160 A-GeV (Fig. 3). At 160 A-GeV the samecalculationexplainsthe
dimuon excessat intermediatemasseseenin NA50, otherwiseattributedto en-
hancedpencharmproduction andthe directphotonsobsenedby WA98 [13].

4 Centrality dependenceof hadron yieldsin Pb-Au collisions at
40A-GeV

The neggative hadronyield, measuredn Pb-Au collisionsat 40 A-GeV, shaved a
fasterthan-linearincreasewith the numberof participantg8]. The measurement
coveredthe top 30% of the geometricakrosssectionof 6.9 barn. The numberof
participantsvasdeterminedisingthe UrQMD 1.2 eventgeneratof14]. Theresult,
shawn in theleft panelof Fig. 4, wasintriguing because similar effecthadbeen
obsenred at the AGS [15], wasshown to be practicallyabsentat the full SPSen-
emgy [16], andfinally reappearedt RHIC whereit wasinterpretedasthe signature
of hadronproductionin hardprocesse§l7]. However, the numberof participants
Npar, @andwith it the consideredeffect, is obviously modeldependent.Whenthe
nuclearoverlapmodel[18] is usedto determineN, for eachcentrality class,the

- 175 T T - 175 T
IS CERES Preliminary ' S CERES Preliminary ‘
> : ;o > : ‘ :
O 150 S O 150 i .
~~ : L ~~ : . :
=z ‘ 4 Z Y
© T 125 A ) e .
o h R :
100, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .

0 200 400 0 200 400
Npart(UrQM D) Npart(overlap)

Figure4: Dependencef thehadronyield on centrality Thenumberof participants
Npart WasdeterminedusingUrQMD 1.2 (left) andvia anuclearoverlapcalculation

(right).
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Figure5: Left: Numberof participantdn UrQMD (contour)andin thegeometrical
overlapmodel(line). For comparisonYENUS eventgeneratois shovn asboxes.
The collision systemis Pb+Au at 40 (UrQMD) or 80 (VENUS) A-GeV. Right:

distribution of nucleonswithin a Pb nucleususedin UrQMD 1.2 (arbitraryunits).

Thedashedine correspondso a constantensityof 0.17fm=3.

non-linearincreasenearlydisappearsasshown in theright panelof Fig. 4. In fact,
a comparisonof the two modelsdemonstrateshat UrQMD hasa systematically
highernumberof participantghanthe overlapmodelat the sameimpactparameter
(Fig. 5). Thediscrepanyg is muchlargerthanthe Ny, fluctuationsin UrQMD and,
asit seemshastwo reasons.The first reasonis that the distribution of nucleons
within a nucleus,usedin UrQMD 1.2, exhibits a spuriouspeakcloseto the edge
of the nucleusasshown in theright panelof Fig. 5. The peakis asideeffectof an
attemptto implementthe Pauli principle. The problemis currentlyunderinvestiga-
tion andwill befixedin the next releaseof UrQMD [19]. The secondeasorfor a
differencebetweenUrQMD anda geometricabverlapmodelis of a moregeneral
nature. While in the overlapmodelthe nucleontrajectoriesare straightandto be-
comea participanta projectile(target) nucleonhasto collide with oneof thetamet
(projectile)nucleonsijn UrQMD thenucleonsan,in addition,becomeparticipants
by getting hit by a secondaryparticle. This leadsto the questionwhich of these
two differentphysicalquantitiesone wantsto normalizehadronyields to. Since
a secondaryparticle punchingthroughthe spectatomatterdoesnot significantly



contribute to hadronproduction the Ny, from the overlapmodelseemso be more
appropriatdor normalizatiorpurposeslin fact,theoverlapapproachs widely used
for thisat RHIC.

The popularity of the geometricaloverlap approachgrev 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 agivencollision systemanda givencentralitycanbe calculatedusing
a web interface. The beamenegy entersonly via the inelasticnucleon-nucleon
crosssectionwhichincrease$rom about30 mbat SPSto abouté0 mbatLHC. The
userhasa choicebetweerthe sharpsphereandthe Woods-Saxomensityprofile.

5 A productionin Pb-Au collisionsat 40 A-GeV

Usingnegative chagetrackswith pr>0.25GeV/c andpositiveoneswith pr>0.5GeV/c
andassumingor them, respectrely, to be #~ andprotons,A decayswererecon-
structedn the CERESdatafrom Pb-Aucollisionsat40A-GeV|[21]. Thetwotracks
wererequestedo comefrom acommonvertex. A requirementor this vertex to be
displacedoy at least50 cm from the tagetwasoptionally usedto obtaina cleanA
sample.With all the cutsthe acceptancéor As with pr=2 GeV/c wasabout1%.
Thereconstructedh massandlifetime (Fig. 6) agreewith the PDGvalues.The A
masspeakis wider thanexpectedbasedon simulationsbecausehe calibrationof
the TPCis still in progressandthe designmomentunresolutionhasnot yet been

reached.
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Figure6: Thereconstructednassandlifetime of themeasured\’s.
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Figure 7: A yield plotted versusbeamenegy. The 40 A-GeV CERES point
smoothlyfollows the systematicsvithout indicationof any structure.

The A measuremenis interestingbecauseof the peakin the strangeness-to-
entropy ratio predictedto be therearoundthis beamenegy [22]. However, the
slopesandthe yields determinedn our measuremensmoothlyfollow the beam
enepgy systematicanddo not supportthis expectation(Fig. 7).

6 Event by event fluctuations of transverse momentum and of
electric charge

A preliminaryanalysisof trans\ersemomentuntluctuationsin the CERESPb-Au
dataat 160 A-GeV gave a @ of 9+2 MeV/c. The ®; variablewasintroducedin

[23] andis definedsuchthat it shouldbe zeroif the fluctuationswere of purely
statisticalnature. The non-zerovalue of @, obtainedfrom analysisof CERES
data,wassomeavhat surprisingbecauset apparentlycontradicteche well known

zero-resulof NA49 [24]. Thediscrepanyg is lifted whenthe datais plottedversus
rapidity: the zero-resuliof NA49 andthe non-zeroone of CERESwere obtained
for forward- and mid-rapidities,respectrely. Recentpreliminary analysisof the
NA49 data,performedin rapidity bins of the 0.5 unit width, givesa ®,; smoothly
decreasingrom 10-15MeV/c at midrapidity to aboutzeroin forward rapidity, in

agreementvith boththe CERESresultandtheearlierNA49 one.



It hasbeensuggestedecentlythat the magnitudeof chage fluctuationsob-
sened event-by-erent can be usedas a QGP signature[25, 26]. The D observ-
able, definedas four times the ratio betweenthe varianceof net chage andthe
meanchagedparticlemultiplicity, aftercorrectingfor acceptancandfor theinitial
isospinasymmetrywaspredictedo be4 for hadrongas,3 for hadrongaswith reso-
nancesandl for QGP A preliminaryanalysisof CERESdataat80and160A-GeV
yields a valueof slightly above 4, in agreementvith the preliminaryNA49 result.
This valueis in contradictionwith the theoreticalexpectation,giventhe common
beliefthatat 160 A-GeV the collision systemgoesthroughthe QGPphase.

7 Summary

Analysisof the40 A-GeV data,takenin 1999,hasbeenpracticallycompleted.The
low massdileptonspectrumat 40 A-GeV shows an excesssimilar or larger than
theoneobsenedpreviously at full SPSenegy. The previously reportedenhanced
hadronproductionin centralcollisionsat40 A-GeV stronglydepend®n themodel
usedto obtainN,4 andis muchreducedvhenasimplegeometricabverlapmodel
is beingusedinsteadof UrQMD. The A yield at40 A-GeV shaws no indicationof
strangenesenhancemerabove the level expectedfrom the interpolationbetween
the full enegy AGS and SPSmeasurementsNon-statisticalevent-by-erent fluc-
tuationsof transversemomentumwereobsenedin the CERESdata,subsequently
confirmedby NA49. Theamountof chage fluctuationsis characteristi¢co hadron
gas.This hasnotyet beenunderstood.
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