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Abstract. Transersemomentunspectrafor identfied ¥’sin therangel GeV/c < pr < 4 GeV/cviat® — yy
have beenmeasuredy the PHENIX experimentin Au-Au collisions at /Syn = 130 GeV. The spectrafrom
peripheralnuclearcollisionsare consistentwith the simple scalingof p+p collisionswith the meannumberof
nucleon-naleonbinarycollisions. The spectrafrom centralcollisiors andtheratio of central/peripbral spectra
aresignficantly suppressedhencomparedo binarycollision scaling.

PHYSICS OBJECTIVE

The Relatvistic Heavy lon Collider (RHIC) at Brookraven NationalLaboratorystartedoperationin June2000,that
openednew frontiersin the study of hadronicmatterunderunprecedentedonditons of temperatureand enegy
density The researchs focusedon the phasetransiton associatedvith quarkdeconfinemenand chiral symmetry
restoratiornexpectedto take placeundertheseconditims. PHENIX is one of the four experimentsat RHIC, thatis
designedo cover the entire time-scaleof the interaction,from initial hard scatteringto final stateinteractionsby
simultaneousneasuremenbf a wide rangeof probesn the samedetector

The productian yield of neutralpion in the high transersemomentum(p 1) rangeis of specialinterest.High pr
hadronsareproducedprimarily by hard-scatteregartonswvhichturnsinto jetsof hadronsandtheirrateof producton
in pp collisionscanbe calculatedwith perturbatie QCD (pQCD), thataresimply scaledto nuclearcollisions by the
relative numberof binary nucleon-naleoncollisions.In the caseof colliding nuclei,thereare several nucleareffects
thatmay modify the spectraof hadronsavenin the ordinary nuclearmedium,suchasshadaving andkt broadening.
Therearealsopredictons[1, 2] thatif the mediumbecomesrery densethe scattere¢partonsmay loseconsiderable
enepgy via gluon bremsstrahlungandthusresultin “jet quenching” Accordingto thosepredictiors, the effect would
causea significantdeficitin thespectrumat high pr.

EXPERIMENTAL SETUP

The PHENIX detectorconsistof an axial-field magnetsurroundedy two centralarms(calledEastandWest),each
onecovering90° in azimuthand=+0.38 unitsof pseudorapidit Two spectrometeratforwardangleg(10° < 8 < 35°)
aroundthe beamaxis are dedicatedto track and identify muons.During the Year 2000 run, only a subsetof the
detectorf thecentralarmwerereadoutandanalyzed.

Trigger andbasicevent characterizationvere provided by two setsof beam-bem counterg BBC) covering 21tin
azimuthandn = £(3.0— 3.9), andby two zero-dgreecalorimeter§ZDC) located+18.25m from thecollision point
andcovering|n| > 6 [3]. Theinteractiortriggeris primarily generatedby thecoincidencébetweerthetwo beam-bem
counterghatdetect924 2% of thenuclearinteractia crosssectionof ojx = 7.2 barns.The coincidencébetweerthe
two zero-dgreecalorimeterprovidesanothetriggerthataresensitve to unboundspectatoneutros from thenuclear
interactionsor from Coulombdissociation The correlationbetweenthe BBC andZDC signalsareusedto determine
thecentralityof thecollision Usinga Glaubemodelcombinedwith a simulationof the BBC andZDC responseshe
numbersof participantnucleongNp) andbinarycollisions (Ng) areestimated3].

The centralarm spectrometersonsistof a multiplicity vertex detector(MVD), drift chambergDC), two layers
of pad chambers(PC), a gas-filledring imaging Cherenke detector(RICH), a time expansionchamber(TEC),



and a high granulariy electromagneticalorimeter(EMC) consistingof eight sectors,eat covering [n| < 0.38
andAp = 22°. Six of eight calorimetersectorsare lead-scintilator samplingcalorimeters(PbSc),while two of
them consistof lead glasscalorimeterdPbGI). The datapresentedhereare obtainedfrom two PbScsectorsin the
West arm spectrometerwhich have 8.2%/./E(GeV) & 1.9% enepy resoluton and5.7//E(GeV) @& 1.6 mm
positon resoluton for electromagneticshaversin a low multiplicity environment.The enegy calibrationwasfirst
establishedisingminimum ionizing particles,verified from the datausing E/p matchingfor identifiedelectronsin
low multiplicity eventsandwith themassof the i°. The enegy gainis frequentlymaintainedwith a lasermonitoring
system,The systematierrorontheoverall enegy scaleis lessthan1.5%][4].

EVENT SELECTION, DATA SET

Only eventstakenatfull magnetidield andsatisfyngtheprimaryinteractiortrigger, asexplainedabore, areanalyzed.
Additional cutsare appliedon the measuredvent vertex positon (]z| < 30 cm) andon the consisteng betweerthe
ZDC andBBC interactiortime measuremet. 1.17million eventspassedhesecutsandform thesamplereferredto as
“minimum bias”. Baseduponthe correlationof the measuredBC chage andZDC enengy, eventsare classifiedinto
several centralites asfractionsof the total nuclearcrosssection.In this analysis‘central” refersto the 0-10%most
centralcollisions,while “peripheral”’meangheupper60-80%rangeof o . The numberof eventsof centralcollisions
is 128K, while thatof peripherakollisionsis 270K.

ANALYSIS

Neutralpiors have beenmeasuredisingtheirm® — yy decaymode.In this measurerant, the invariantmassof the
photonpairsarerequiredto bewithin anarrav (20) window arounctheobsenedt® massthatallowsfor lessstringent
photonidentficationcuts,which reducedhe systematierrorson efficiengy lossesdueto thesecuts.

Eachclusterfoundin the calorimeteiis subjecto atiming cutof 2.5nseawvith respecto the expectedime-of-flight
of a photoncomingfrom theeventvertex (TOF cut). The cutrejectsslon hadronsespedally anti-neutonswhich are
a major sourceof neutralclustersin the 1-2 GeV enegy range.The shapeof eachclusteris comparedo the known
andparameterizeghapeof electromagnetishavers,andthe x? of thedifferencebetweerthe obsered andpredicted
shaver shapeis calculated[4]. A x? < 3 cutis appliedto the shavers. Both cuts are optimizedto keepthe phobn
efficiengy as high as possibé. Thereforethe acceptedclustershave a signficant contritution from other particles
whichareremoredby thebackgroundubtractio methoddescribedelown. Theefficiengy of bothcutsdepend®nthe
eventmultiplicity, thatwasverifiedfrom the databy comparingrt® peakcontentsatagiven pr extractedwith different
photonidentficationcuts,aswell asby studyingthe effect of the cutson well identfied electrons.

Theyy invariantmassis calculatedfrom all pairsof clustersin an eventthat passedhe photonidentfication cuts.
Thecombinatoriabackgrounds estimatedisinganeventmixing methodwhichis subtractedrom theinvariantmass
distribution afterpropernormalization.

The 1 reconstructiorefficiengy as well as aceeptanceis calculatedusing Fast Monte Carlo with an input of
measured/trueenegy ratios for different classesof centrality (hence,different degreesof overlap effects), PID
efficiengy, andclusteringefficiency calculatedrom full PHENIX simulation.

Themeasured/tue enegy ratiosfor gammasarederived by simulatedsingleelectromagnetishoversmeigedboth
in realandsimulatedevents.For differentsingleshaver enegiesandevent centralites, the distributionsof the ratios
of themeasure@ndtrue enegiesare stored(referredto asphota enegy andeventcentrality-dependenit(Ey, cent)
“smeaing” functiors). The simulatedeventshave photms (alsosimulated)at certainenegiesinserted Thisincreases
our statisticsfor higherenegy photors, which is crucial for determinirg the amountof pt smearing.The PID cuts
arederived from simulation(usingboth CFD timing simulaticxsandLED timing simulatiors). The clusterefficiency
is the efficiengy of finding the photonas a dominantcontrbutor to a cluster also determinedrom simulation.The
systematierrorsconcerningPID efficienciesareestimatedo be 15~ 20%over theentire pt range.

After evaluatingthe several inputs, Fast Monte Carlo generatesieutral pionswith the expectedpt distritution
and allows to decg. For thosecases, when both decay photors reachthe calorimeter their respectre enegies
are randomizedwith the approprate f(Ey, cent) smearingfunction and the invariantmassis calculatedusingthe
randomizedenegies. The resultingsimulatediine-shapesare comparedo line-shapeobtaired from the dataafter
mixed event subtraction.They agreevery well, and the samecuts are appliedto the dataand the simulatins to



establisithe efficiengy. The procesds two timesiterative startingwith a reasonablédirst guessof thefinal corrected
spectrumThe systematierroron invariantmasscutin the simulaton is estimatedo be <20%,thaton p shift and
smearings 10~ 15%,respectiely. Thesevaluesvary depend®n pr’sandcentralities.

The full PHENIX simulationsare alsousedto determinethe backgroundrom particlesstriking the pole-tips and
structuralelementsof detectorsin front of the calorimeter An additionalsourceof backgroundarisesfrom those
1¥’s producectloseto the collision vertex which arereconstructedh the calorimetewith the properinvariantmass.
Theseparticlesincreasehetruet? yield, andthusalsoestimatedisingsimulations (HIJING 1.35[5]). Thecalculated
contritution of non-\ertex but properlyreconstructedt® is ~ 8%at pr = 1 GeV /c andgraduallydecreassto ~ 6% at
pr > 2.5 GeV /c, eachof which hasthe systematierrorof ~50%. This yield hasbeensubtractedrom the measured
0 yield. The overall systemati@rrorsareestimatedo be 25 ~ 35%.

RESULTS AND DISCUSSION

Thesemi-inclusie transsersemomentundistibutionof 11 in periphera(upper60-80%wof ojr;) and10%mostcentral
Au+Au collisionsareshavn in Figurel. At high pt thethe spectraarelimited by statistics Error barsincludeboth
statistcal andsystematicgrrors.
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FIGURE 1. Semi-inclusier® pr distribution (1/Nix )(dNyo /2mtpr dprdy)) in theuppe 60-80%peripherakvents(solid circles)
andthe10% mostcentralevents(solid squarels Thelinesarea parameterizationf pp chagedhadronspectrascaledoy themean
numberof collisionsNcq . Thebandsndicatethe possiblerangedueto the systemati@rroron N o -

Both spectraare comparedo pr spectraderived from nucleon-naleondata.Sincethereis no measuremenbf 1
producton in pp at /s = 130 GeV, this referencespectrumis derived from UA1 [6] and CDF [7] chaged hadron
spectraThe availabledataarefitted with a functionda/2mprdprdy = A/(po+ pr)", andthefit paraméersA, pp,n
areinterpolatedto RHIC enepgy. The resultis divided by o pp = 42 mb for the yield andby 1.6 to obtainthe pion
contentfrom the unidentfied chaged spectra(The actualparametervaluesare A = 27500042/1.6, pp = 1.71and
n = 12.42) This parameterizedurve is then multiplied by the estimatedneannumberof binary nucleon-nucleon



collisions(19+11and857+ 128 in peripherabndcentralcollision, respectiely). Thesystematierroronthenumber
of collisionsis indicatedby thetwo bands.

The scaled pp parameterizéon describesthe resultsin peripheralcollisions very well, while it signficantly
overpredictsthe measuredspectrumin central collisions, particularly at higher pt. The obsered deficit in the 1°
yield is even more pronourted consideringhe Cronin-typeenhancemet thatis expectedin 3-4GeV/cregion (dueto
kr broadeningpbore the scaledpp distribution.

Theleft sideof Fig. 2 shows theratio of percollisionyield of centraleventsto pp data,which correspondso the
nuclearmodificationfactor. It is expededthatthe ratio equall if the centraleventscanbe simply scaledby binary
collisions,andmorethanl if theCronineffectis expected Theresultshavstheratiolessthanl, thatis notexplainable
by thesetwo scenarios.
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FIGURE 2. Left side:Ratioof thecentrali® spe¢ra normalizedby themeamumberof collisions(857)to ppdata.Error barsare
statisticalonly. Solid line: sysematicerrorsof the® measurenm addedn quadratureThereis anothersystemati@rror of fitting
to pp data.Right side:Ratio of the centralandperipheralit® spetra, both normalizedby the meannumberof collisions(857and
19, respetively). Error barsarestatisticalonly. Solid line: systematirrorsof the n° measurenmt addedin quadature.Dashe
line: systematicerrorson the numberof binary collisionsadde in quadratureAlso shavn: expectedrangeof theratio with the
Cronin-efect.

The samedeficit are seenin the right side of Figure 2 where both the centraland the peripheralspectraare
normalizedby therespectre numberof binarycollisions,anddividedpoint-by-point The central/peripheraiatiosare
shawvn astrianglesandthe errorbarsare statistcal only. The solid line givesthe upperlimit ontheratio considering
thatthe systematicerrorsof the ¥ spectraareaddedin quadratureThe dashedine addsthe systematicerroron the
numberof collisions(N¢ ) in quadraturéo thesolidline. Thecentral/peripheraktio,normalizedy Ny, is expected
to be onein the caseof simplescalingwith Ny ;. The measuredatio is much smaller that cannot be explainedby
simplescaling.The expededrangeof the central/peripheraiatio with a Cronin-effect includedis alsoshavn.

Figure 3 shavstheresultsfor boththeperipherabndcentralcollisions comparedo threetheoreticatalculationg1]
(curves). The solid lines are straightfoward pQCD calculationsfor pp, with simple scalingto Au-Au collisions
normalizedby the meannumberof binary collisions[1]. The dottedlines are calculationswhere effects of nuclear
shadaving and kt broadeningare added.The result shonvs a changeof slope,and a suppressiorof the soft part
of the spectrumand enhancemet of the hard scatteringpart (Crorin effect). The dashedinesincludes the parton
enegy lossof dE/dx = 0.25 GeV /fm in additionto the shadeving andkt broadeningThe peripheraldataare not
inconsistentvith eitherof threescenariosHowever, the centraldataarewell below thefirst andsecondpQCDand
shadaving/Cronin)curve, while they arenotinconsstentwith the third scenaio thatincludesa partonenegy loss.
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FIGURE 3. Comparisorof PHENIX T° spectrao theoreticalcalcuationsunderthreescemriosandfor two centralities. The
points are the sameas Figure 1. The curves are calculationsof X-N. Wang[1]. Solid lines are a pQCD calculationfor pp
scaledby the meannumberof binary collisions. The dottedlines add shadaving andk T broadening The dasled lines add a
dE/dx= 0.25 GeV/fm partonenegy loss.

CONCLUSION

Trans\ersemomentumspectrafor neutralpions in centraland peripheralas well astheir ratio at ,/Syv = 130 GeV
Au+Au collisions have beenpresentedTheratio of percollision yield of centraleventsto pp datashavs the same
tendeng asthe ratio of central/periphergbercollision yield. The peripheralspectrumis consistentvith the simple
scalingof pp collisionswith themeannumberof binarynucleon-nucleonollisions.In thecentralspectraa significant
deficit with respecto this pointlike scalingis obsered at high trans\ersemomenta.The consisteng checkbetween
thedatafrom leadscintillatorandleadglasscalorimeteris now in progress.
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