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ABSTRACT _'_

Single particle inclusive spectra are presented for pion and kaon production in _ _ • ',
Si+Au reactions at an incident momentum of 14.6 A.GeV/c and Au+Au reactions at
an incident momentum of 11.6 A.GeV/c. A simple geometric scaling of the pion pro-

. • i13 a_13
ductionforcentralcolhmonsasA_roj and "_to,0resultsfrom theobservedproduction
ofabout one pionper participant.Kaon yieldsareshown to be proportionaltothe
number ofexcitedparticipantsand consistentwithRQMD and ARC calculations.

1. Introduction

Meson production has been an interesting topic of investigation since enhanced
strangeness (kaon) production was observed by experiment E802 in Si+Au reactions
[1]. Furthermore, it has been a driving force for these investigations that new states of
nuclear matter, such as the quark-gluon plasma (QGP), might be formed if baryonic
densities exceeded some critical value. A possible signature for such a new process
would be the observed deviation in the systematic behavior of particle production as

this new state, with increased degrees of freedom, hadronized. The recently devel-
oped second-level trigger for experiment E802, allowing "on-line" particle identifica-
tion (E859), and the newly commissioned gold beams at Brookhaven have produced
measurements (E866) with a greatly expanded range of conditions under which we
can measure particle production rates. The gold beams may also offer the possibility
to reach densities twice as large as the maximum density reached with :entral Si+Au
collisions, and close to what is expected to be necessary for QGP formation. So far,
no signatures for a new process have emerged, although a good understanding of pion
and kaon production has emerged.

Some tentative understanding obtained from previous work with p, O, and Si

beams (E802) is now solidified with the larger range of conditions and improved
statistics now available. For example, it was found [2] that pion production scales
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Fig. 1: Invariant cross sections of _r- from central 14.6 A.GeV/c Si+Au collisions for various rapidity
slices. Each spectrum is displaced by a power of 10 for clarity. The solid lines show fits to pt
distributions; the dashed curves show fits to mt distributions. (From Ref. 2)

as the number of participants. Recent work with Au beams confirms this geometric

scaling. Kaon production has been found to depend more critically on the number

of multiple collisions [2,3]. During this past year, models developed specifically for

AGS energies, such as RQMD [4] and ARC [5] now yield detailed results available

for comparison. Thus, this confluence of much improved data and new theoretical

developments offers an opportune time to analyze how successfully we understand

meson production in this energy regime dominated by resonance formation.

2. The Experiment

Experiment E859 was designed to provide enhanced data collection for rare events,
such as kaon and anti-baryon production and two-particle correlations, particularly

_r- Tr-, K + K + and K + K- (phi). Using two planes of multi-wire proportional counters

together with the TOF hodoscope behind the spectrometer magnet, particle identifi-
cation within 40 #s is possible for candidate tracks. By then selecting desired events

for recording, beam intensities could be raised, and enhancement of data collection

rates by a factor of 10 to 40 is possible, depending on event type. Furthermore, a

segmented gas Cherenkov counter was installed behind the TOF hodoscope in order

to extend particle identification for kaons beyond a momentum of 2.2 GeV/c. As a
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Fig.2:The number ofchargedpionsfora varietyofcollisiongeometriesisplottedversusthenumber

of participants,assuming a cleancutgeometry,in theleftpanel.The same data areshown as a
functionofthenumber ofprojectileparticipantsinthe rightpanel.(From Ref.2)

result,therearenow measurementsofthekaonslopesand rapiditydistributionsover

a broady rangewithgood statistics,not justatmid-rapidity.As withE802 there
aredevicesforglobaleventcharacterization.Centralcollisionsareselectedasthose

which havethelargestchargedparticlemultiplicity,whichcorrespondtotheupper
7% of"thecrosssection.Thisisan effectivetriggerforasymmetriccollisionssuchas
Si+Au.

For thestudyofAu+Au collisions(E866),major modificationsarebeingmade

tothepresentspectrometertoincreasesegmentation.Furthermore,a new smaller
solid-anglespectrometer(about5 mst,compared withthepresent25 rnsr)isbeing

constructedforuse at forwardangles,withplannedcompletionby August,1993.
Usingthepartiaiiyupgradedpresentspectrometer,about5 daysofdatawerecollected
forAu+Au collisions.For thesecollisionsthepresentcharged-particlemultiplicity

arrayisunusable,due tothefactorofabout5 increaseinoccupancy.However,an

upgradedforwardcalorimeter(ZCAL),whichsubtendsa 1.2°coneabout0°,provides
an excellenthardwaretriggerforthegeometricaloverlapofprojectileand target.
Withinthishardwareselection,softwarecutswereappliedtodefinecentralcollisions

asroughlytheupper4% of"theinelasticcrosssection(Ep,oi_<300GeV/c).
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Fig.3:Rapiditydistributionforlr-productionlo.-centralSi+AandAu+Au collisions.

3. Singleparticlesemi-inclusivespectra

The pionproductiondatafromSi+Au collisionsfromexperimentE802 havebeen

reana_yzed[2,6].Many smallcorrectionshaveallcontributedtoincreasingthemea-
suredyields.The lr-invariantcross-sectionsfrom thisre-analysisareshown as a
functionofptforcentralSi+Au collisionsinFig.i.ltisseenthatthedataaresome-
what betterdescribedby an exponentialdependenceinp_asopposedto mt. One

findsthattheyieldforlr-somewhat exceedstheyieldfor_r+,asone migh'texpect

giventheneutronexcessintheparticipants.Combiningthep,O, and Siresults,one
canplotthetotalmeasuredyieldasa functionofthenumber ofparticipants,assum-

inga clean-cutgeometry.Thisisshown inFig.2,where itisseenthataboutone
pionperpaxticipantisproduced.Proceedingtoa comparisonofSiand Au i_:Iduced
reactionswitha varietyoftargets,one isabletodirectlyseethiscompariso,a_since
forcentralcollisionsthe participanttube shouldbe proportionalto the projectile
cross-sectionalareaand thetargetdiameter.ThisisdemonstratedinFig.3,where
Siand Au inducedreactionsarecompared.
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Fig. 4: Rapidity distribution for K + for central Si+Au collisions, obtained from exponential mt fits
to the data, with comparisons to model predictions ARC (Version 1.15) and RQMD (Version 1.08).

Kaon production, however, cannot be described with such a simple geometric
dependence. The K + rapidity distribution, assuming an exponential mt dependence
for the invariant cross sections, is shown in Fig. 4 for central Si+Au collisions [7]. Also

shown in Fig. 4 is a comparison to a calculation using the models ARC (Version 1.15)
and RQMD (Version 1.08). It is observed [2,8] that the K+/rr + particle production
ratio is proportional to the number of excited collisions per participant, as shown in
Fig..5. This number is found by subtracting the number of projectile participants
from the total number of binary collisions (in order to subtract off the first hits)
and dividing the difference by the total number of participants. This shows the
importance of multiple collisions in the production of strangeness. The collisions of
excited resonances with additional projectile and target baryons is uniquely possible
with A+A collisions: it is this new feature that can be investigated in this energy

region. As the rapidity distribution peaks behind the participant Ycm -- 1.25, it
was suggested [9] that rescattering of the produced particles with target spectators
might lead to the strange quark enhancement. This no longer seems such an obvious
explanation.

Whereas K +, which contain the a quark, are predominantly produced by"associ-

ated production with lambdas, the K- are thought to be produced mostly' as K +K-
pairs. Thus, it is interesting to see how the rapidity distributions may differ from K +
In Fig. 6 one sees the K- production for central Si+Au collisions. It is observed that
the rapidity distribution is peaked at the participant ycm. Finally, we see in Fig. 7 a
comparison of the rr+, K +, and K- production for Au+Au collisions, where the solid
points show the data at higher rapidities, which can be obtained for symmetric colli-
sions by reflection about Y,vu. The excellent description by the ARC model results.
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Fig. 5: The K+/v + production ratio for central Si+Au collisions as a function of the number of
excited participants per participant, as described in the text. (From Ref. 2)
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Fig. "/': Rapidity distribution for ,'r+, K +, and K- production for central Au+Au collisions, with
comparisons to the model prediction for ARC (Version 1.15).

calculated within the E866 acceptance, is also shown.

4. Conclusions

Meson production at AGS energies is a probe of new physical processes that are
possible in A+A collisions, namely the collisions of resonant states with additional
baryons in the entrance channel. It is found that the charged pion production scales
simply as the number of participants, with about one charged pion per participant
produced. The kaon production depends on the number of multiple collisions. It is
shown that the K+/_r + particle production ratio is proportional to the number of
excited collisions per participant. The meson production is well described by both
ARC and RQMD model predictions.
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