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ABSTRACT

We presentresultson antiprotonproductionobtainedin the AGS experiments

E858 and preliminaryresultsofE878. The yieldsofantiprotonsinSi q-A collisions
areshown toscalewiththenumber offirstcollisions.The rapiditydistributionsforall

targets(Au, Cu and AI)and bothbeams (Siat14.6GeV/c and Au at11.GeV/c) have

gaussianshapespeakingatYNN and withsimilarstandarddeviations.From E878 we
reporta differenceinthe_hape oftheantiprotonrapiditydistributionsobtainedfrom

two samplesofthedatapopulatedwithcentraland peripheraleventsrespectively.In

Au inducedreactionstheA dependenceoftheantiprotonyieldsissmall.

1. Introduction

The AGS experiment, E858, and its subsequent upgrade, E878, were proposed
high rate studies of the production of long-lived negative secondaries in reactions
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of heavy ion beams and nuclear targets. Both experiments were implemented in
existing AGS beam lines, transforming them into double focusing spectrometers that
measured negative or positive secondaries at zero degrees in the laboratory frame
within a small momentum bite.

The beam fluence exceded l0 s ions/spill for the Si beam runs. A redundant system
of two ion-chambers upstream of the target, and a secondary particle telescope (SPT)
made of three scintillator paddles aligned so as to view the target within a small solid
angle, were used to monitor the beam intensity. For E878, several improvements were
implemented at the target area; a multiwire proportional chamber upstream of the
target to monitor the position of the beam as it impinges on the target. A quartz
fiber hodoscope was also placed upstream and close to the target to provide another
measurement of the beam position on the target, and finally, a second SPT set was
placed upstream of the target making the same angle with the beam as the first one.

Figure 1 is a schematic of the instrumented AGS A3 line used for the E878
experiment. The E858 was implemented in the A1 line but the detector setup is
similar. The spectrometer has Af_ _.. 200#st centered around zero degrees and a
:i:3% momentum bite.
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Fig. 1: Experimental layout showing the instrumented A3 AGS beam line.

The best technique for particle identification in such a long spectrometer is the
measure of time of flight. Both experiments had redundant systems to measure the
time of flight. The first TOF station was placed at the first focus F1 30 meters
downstream of the target and just after a collimator that defines the momemtum bite
of the spectrometer. This first TOF counter was a scintillator paddle viewed by two
photomultipliers. A second focus is formed 25 meters downstream of the first one,
and there, another time of flight counter made of a single scintillator paddle viewed



by two photomut_ipliers was installed. Two other TOF counters were placed close
to the second focus in order to make redundant measurements. During E858 these
additional time of flight stations were made of a single scintillator paddle viewed by
two PMT's, and later in E878, they were upgraded to five scintillator paddles covering
the same area in order to remove ambiguities in cases where more ttian one particle
was present in the line.

All the PMT's from these TOF counters had their pulse height as well as their
time information recorded, providing information about the time of flight as well as
the charge of the detected particle. From that information, and the value of the tuned
rigidity of the beam line, the mass of the particles can be infered. Figure 2 shows the
mass distribution at 6.4 GeV/c measured during the E858 run. The entries to this
histogram are tracks in the spectrometer that had consistent time of flight measured
with two pairs of TOF stations and information from the tracking system indicating
that these particles were produced in the target and were transported by the beam
line all the way to the second focus region.
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Fig. 2: TOF spectra for the negative secondaries at 6.4 GeV/c produced in 14.6 AGeV Si+Au
collisions during the E85fl run. Information from the Cerenkov counters was used to identify the
pions

2. Data Analysis

A complete description of the data reduction can be found in ref. 1 and ref. 2.
The total number of triggers recorded during the E858 run in the Spring of 1989 was
106 events, and taking into acount the scaledown pion signal, that represents some
5 x 10s_r-, a million K-, some 3 × l0 s antiprotons, and two antideuteron candidates.



A prominent result from E858 were the two antideuteron candidates at p=6.1
GeV/c ref. 2. This translates into a measured invariant cross section of 40 nb/GeV 2.
In the same reference an attempt was made to estimate the production rate of an-
tideuterons using a coalescence model from ref. 3. The measured antiproton cross
sections were used in that calculation in order to be consistent, and the result at

p=6.1 GeV/c turned out to be 4 x lO-4mb/GeV 2, which is a factor of 10 larger than
the measured value.
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Fig.3: Invariantcrosssectionsfor negativepions,kaons and antiprotonsas functionsof the labo-

ratoryrapidity.The negativesecondarieswere produced in 14.6 AGeV Si+Au collisionsduring the
E858 run.

Figure3 showsa sampleoftheinvariantcrosssectionsmeasuredinE858,These
crosssectionsareshown as functionsofthe laboratoryrapidity,for_r-,K- and

antiprotonsproducedwiththe siliconbeam incidenton a goldtarget.As can be
seentheacceptanceofthisexperimentisquiteforwardforpionsand kaons,butthe
measuredantiprotonsproducedatmidrapiditycan be comparedtotheotherheavy

ionexperimentsattheAGS. Such comparisonwas made and issummarizedinthe
followingtablewherethequantitycomparedisthenumber ofantiprotonsperevent

aty=1.6and Fr = 0:
Comparison to other AG S experiments

Estimated

E814 E859 Central E859 Min.Bias. E858
0.00354-0.0006 0.0068+ 0.002 0.00274-0.0008 0.0027d:0.0003

The number ofantiprotonspercollisionfromE814 was obtainedfromref.4 after
dividingtheirresultby thetotalSi+ Au crosssectionequaltocr= 3750rob.The

comparisonto theE859 useddatafrom ref.6 and was made by extrapolatingthe



invariant cross sections as functions of the transverse mass at y=1.6 to PT = 0. These
cross sections were extracted from a sample of central events. In order to make the
comparison to minimum biased events from E858 the result of the extrapolation of
E859 data was multiplied by 0.4 This conversion factor of 0.4 was extracted from ref.
5 as the ratio of antiproton yield in minimum biased events to the one from central
events. More recent results from E859 indicate that this ratio can be equal to 0.5.
And finally the E858 numbers were extracted from ref. 1 As can be seen in the table
above, all three experiments agree within the error of their measurements.

The invariant cross sections as functions of the laboratory rapidity corresponding
to each of the targets ( Au, A1 and Cu) are well described by gaussian shapes (ref. 7
). For all three targets the distributions peak at the nucleon-nucleon center of mass
rapidity, YNN, and they all have standard deviations around a = 0.51 4- 0.03. These
distributions are much wider than a simple proton-antiproton pair production from
nucleon-nucleon interactions. A simple phase space calculation for this mechanism
produces distributions with a width of some a _ 0.35. It was investigated if Fermi
motion could account for the widening of the distribution, and found that, to do so,
the Fermi momentum distribution would have to have a Fermi level PF greater than
500 MeV/c (ref. 7 ).

The yield of antiprotons at pT = 0, (calculated in this case as the area under the
gaussian fit to the dN/dy distributions obtained with different targets) scales with
the number of first collisions in an unbiased Si + A reaction.

3.The E878 Au + Au data

E878 has an integratedfluxon targetofsome 5 × 1012 ions.The number of
detectedantiprotonswas 1.2× 105.Among thepositivesecondariesthesampleof
heavyparticlesisconsiderable;2.2× i0s deuterons,6 × 103tritons,6 x 103 3He, and

some 300 alphaparticles.
BesidesthedatacollectedwiththeSiliconbeam, E878 has a good datasample

obtainedwiththegoldbeam at11.GeV/c duringthefallof1993.Inwhat follows,

some preliminaryresultsarepresentedforprotondistributionscollectedduringthe
portionofthe run when the magnetsofthebeam linehad theirpolaritiessetso
astotransportpositivesecondariesproducedatthetarget.The sampleofpositive

particles ranges from pions, kaons and prc_ons to heavier fragments like 3He and alpha
particles. A more detailed presentation of antiproton distributions is also included.

Figure 4 shows the invariant cross section of protons as a function of _he laboratory
rapidity. The sample of data used to extract this cross section does not have any
condition on the centrality of the reaction and should be considered as minimum
bias. In the same graph a cross section calculated from simulated protons using the
ARC model (see ref. 8) is presented. The impact parameter of the simulated events
ranges from zero to some 20 fm making it a minimum biased sample. As can be seen
in the figure, the model agrees well with the measured data.
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Fig.4: Invariantcrosssectionof protons produced by the Au beam at 11, GeV/c incidenton a Au

target.This crosssectionisshown as a function of the laboratoryrapidity.No conditionson the

centralityof the event were imposed on the data,these are minimum biasedevents

Figure5 shows theminimum biasedinvariantcrosssectionforantiprotonspro-

ducedbythegoldbeam incidentonagoldtargetasfunctionofthelaboratoryrapidity.
The statisticalerrorsaresmallerthanthesymbolsusedtodisplaytheresults.The
E878 collaborationispresentlyanalysingthesedataand thepresentresultshavean

assignedsystematicerrorofsome 15to20% becausetherearestillsome uncertain-
tiesinthenormalizationofeachmeasurement;theacceptanceofbeam linehasbeen

fixedas a constantforallthe usedtunes,theeffectsofmultiplescattering,beam

energylossand absorptionofsecondariesinthe targetcontinuetobe worked. A
more thoroughanalysiswillcertainlysmooththeresults.

A fitwas made tothemeasuredpointsusinga gaussiandistributionand theresult

gaveapeakpositionat1.564-0.1unitsofrapidityorpracticallytheNN centerofmass

rapidity.The widthofthisdistributionobtainedfromthefitisequalto0.54-0.1very
similartothewidthoftherapiditydistributionsofantiprotonsinSi+ A measured
duringthe E858 runs. Eventhoughtheseresultsaresimilar,ithas to be pointed

out thattheavailableenergyinthe nucleon-nucleoncenterofmass isdifferentfor
thesesystems.(E$78hasreportedthesame measurementobtainedduringa short
run in1992ref.11. The widerrapiditydistributionofantiprotonsobtainedfrom

thatrun may be relatedtoa highermomentum ofthebeam (11.7GeV/c) ) Inthe
same figurethemeasuredpointswerereflectedaroundYNN becausetheAu + Au is

a symmetricsystem.The reflectedpointsaredisplayedasopen symbols,and itcan
be seenthatwhereverthereisan overlapthediscrepancyfallswithintheassigned

systematicerror.
An attemptwasmade tocharacterizetheA dependenceoftheantiprotonyieldsin

theAu + A reactions.Inordertoreducetheeffectsofcorrectionsnotyetcompleted,

ratiosofyieldsarepresentedasfunctionsofthelaboratoryrapidity.The crosssections



Pbars from Au + Au at 11.7 A GeV//c(Preliminary)
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Fig.5: Minimum biased invariantcrosssectionfor antiprotonsproduced in Au + Au reactionsat

11.GeV/c'.

usedtocalculatetheseratiosdidnothavea correctionforbeam energylossinthe

targets.Figure6 showsthefollowingratios:"_land _ .Withinmostoftherange
ofmeasuredrapidities,thesetwo ratiosareverysimilarand equalto roughly1.2

indicatinga weak dependenceintheA ofthetarget.
Among thenew detectorsaddedtoE878,thesocalledMultiplicityDetectorcon-

stitutesa major improvementbecauseitcharacterizesthecentralityoftheevent.

Thiscounterwas designedtodetectgamma raysproducedby thedecayofneutral

pions.Each cellofthiscounterconsistsof i/4ofan inchofPb asconverter,the
same thicknessofquartzradiatorand finallyhighrate,squarefacephotomultipliers

(Hamamatsu 2248).The thicknessoftheconverterwas chosensothatinaverageeach
countcorrespondtoone neutralpion.These detectorswerearrangedintwo rings
of14moduleseachmaking40 and 60degreeswiththebeam. The timeinformation
fromeachmoduleisrecorderina multihitTDC systemand theextractedinformation
isthenumber ofmodulesthathavehitswithtimerelatedtoeventsrecordedinthe

mainspectrometer.Thisdetectorisalsosensitivetochargedparticleswith/3> 0.68.
Monte Carlosimulationsindicatethatthiscontributionaccountsfor30% ofthetotal

multiplicity.
Two setsofeventscan be definedby requiringthatthenumber ofmoduleswith

hitsintheMultiplicityDetectorbegreaterthan20 (thissetwillbe calledthecentral

eventsset)and lessthan5 (theseeventsarecalledperipheral)
Itisestimatedthatthe centraleventssetrepresentsa 10 % ofthetotalcross

sectionand theperipheralonescorrespondtothe30% mostperipheralcollisions.

Figure 7 shows theinvariantyieldofantiprotonsfrom theAu + Au collisions
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Fig.6:RatiosofyieldsofantiprotonpereventasafunctionofthelaboratoryrapidityinAu + A
collisionsat11.GeV/c.Thestatisticalerrorsaresmallerthatthedisplaysymbols.

asfunctionsofthelaboratoryrapidity.The upperpanelshowsthisdistributionfor
thesetofcentralevents,and thelowerpaneltheone correspondingtotheperipheral

events.Itshouldbemade clearthattheunitsofthey axisintheseplotsarearbitrary

becausetheanalysisofthesedataisstillinitspreliminarystages.The remarkable
featureinthesedistributionsisthefactthattheyhavedifferentwidths.The periph-
eralevents,witha _ = 0.35seem tobe indicatinga simpleproton-antiprotonpair

productionmechanism,and thecentraleventspointtosome additionalprocessthat
wouldhavewidenedthedistribution.Some modelsofantiprotonproductionthatare

inwideuseinthefield,likeRQMD ref.9 and ARC ref.10,contendthatbaryonres-
onancesasintermediatestatesorthescreeningoftheantiprotonsby copiousnumber

ofpionsthatrenderannihilationlessprobable,areimportantinshapingtheobserved

antiprotonspectra.

4.Summary

AGS experimentsE858 and E878 were designedashighratemeasurementsof

antiprotonproductioninheavy ionreactions,aswellasa searchforantideuterons

and stablenegativelychargedexoticparticles.The presentworkreportsthefollowing
resultsobtainedintheE858 experiment:The yieldofantiprotonsscaleswiththe
numberoffirstcollisionsand therapiditydsitributionsofantiprotonswithPT = 0 for

all targets used have the same gaussian, shape peaking at YNN and having a standard
deviation of cr = 0.51 4- 0.03. An agreement between E858 and the other two AGS
experiments that measured antiprotons is reported.

Preliminary results from experiment E878 were presented. A very interesting
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Fig.7:Invariantyieldsofantiprotonspereventasfunctionsofrapidity.The upperpanelcorrespond

tothecentraleventsselectedby ahighnumber ofET moduleswithhits.The lowerpanelisthesame
distributionbut thistime,itwas extractedfrom thesampleofperipheralevents.The statisticalare

smallerthanthesymbolsusedtodisplaytha data.

differenceintheshapeoftherapiditydistributionofantiprotonsappearsbetween
samplesofeventsdefinedascentralandperipheral.Thesesamplesofdataaredefined

by themultiplicityofhitsmeasuredwiththenew MultiplicityDetector.
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