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ABSTRACT

Antiprotonmeasurementsmade by E802 have beenextendedtolowerrapidities,whilein

thoseY-PT regionsalreadystudiedthe statisticshave been improved by approximatelyan

orderof magnitude.We presentthedn/dy distributionforantiprotonproductionincentral

14.6A.GeV/c Si+Au collisionsinthe rapidityrange0.8< y < 1.8.In addition,antilambda
productionhas been detectedforthefirsttimeinthesecollisionsattheAGS.

I. Introduction

At the AGS momentum of 14.6 A-GeV/c, central collisions of Si+Au are believed to be
in the "stopping" regime, where the projectile nucleus is essentially stopped by the target
nucleus in the center-of-mass system. Much of the kinetic energy of the projectile is then
transferred into compressing and heating the target/projectile system, and very high baryon
densities, on the order of 3-5 times ordinary nuclear density, are believed to be reached. Under
such extreme conditions, it has been predicted that ordinary hadronic matter undergoes a
phase transition to the quark matter phase. One of the predicted signatures of quark matter
formation is the enhanced production of antibaryons.

Regardless of whether or not the critical energy density to produce quark matter is
reached at the AGS, the large annihilation cross section for antiprotons makes a very useful
probe of the baryon density reached in these collisions. The annihilation also makes the
antiproton yield sensitive to the formation time of the antiproton. If the formation time is
large, most of the antiprotons will be fully formed only after they have passed through the
surrounding ba.,'yon-rich collision region, and will not be absorbed. If, on the other hand, the
formation time is short (of the order of 1 fm/c), many of the antiprotons will be absorbed,
reducing the yield.

. . . Experiment E859 is an extension of E802, using additional tracking chambers and a new
sec0ndlevel trigger to pi'd¢ide'on-line particle identification. This trigger has the ability
to select particles based on mass and charge, making it possible to study rare particles,
such as antiprotons, with greatly enhanced statistics. E802 reconstructed and identified
approximately 1,000 antiprotons in the rapidity, range 0.9 < y < 1.7 and in the transverse
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momentum range 0.3 < P'r < 1.2 Ge\:/c: for two targets. Using the on-line trigger exper-
iment E859 has more than 10,000 events containing an antiproton. These data extend the
range of the E802 measurement in both rapidity and transverse momentum, and provide
much greater accuracy in the parameterization of distributions.

With existing E802 data, 1 the ability to determine the antiproton inverse slopes was
severely limited by low statistics. For antiprotons produced in Si+A collisions, it was found
that the inverse slopes have an average value of 140 ._IeV with experimental uncertainties
of between 20 and 40 MeV. Within these uncertainties it was found that the inverse slopes
are independent of target and collision centrality. Using the E859 data we have been able
to measure the antiproton inverse slopes to within an uncertainty of 15 MeV for several
rapidity intervals. Such data will hopefully determine the (presently poorly-understood)
relative rates of production and re-absorption of antiprotons.

2. Results

Antiproton data were collected at the 5, 14 and 24 degree spectrometer settings (with
some low statistics data at 34 and 44 degrees) for Si on Au and Al targets. During the dedi-
cated antiproton running periods, the spectrometer was only triggered by events containing
a negatively charged particle with a mass greater than 0.7 GeV/c 2. This configuration.
increasedthe _ntiprotontriggerrateby a factorof between20 and 50. Many ofthean-
tiprotons,however,werecollectedusingtriggerconfigurationsthatlookedforthe_or"ofan
antiprotonand eithera K- ora pairofK +'s.

Approximatelyone halfofthecentralSi+Au antiprotondatasetfrom E859 has been

analyzed,includingallofthe5 degreedataand halfofthe14and 24 degreedata.The data
analyzedcoverthetransversemomentum range0.25< PT < 1.80GeV/c and therapidity
range0.8< y < 1.8.

The measuredmass distributionintheantiprotonregionfrom thecombineddataare

shown in Fig.i. The antiprotonswereselectedby calculating6TOF, the differencebe-

tweenthemeasuredtime-of-flightandtheexpectedvalueofthetime-of-flight,assumingthe

particlewas an antiproton.The widthofthisdistributionwas measured usingprotonsin
severalmomentum slices,and thewidthwas pararneterizedasa functionofmomentum. An
antiprotonata givenmomentum was thenrequiredtohavea 6TOF withinthe3czlimitsof
thedistributionforthatmomentum.

, Centralcollisionsweredefinedby a cuton theobservedchargedparticlemultiplicity
correspondingtotheupper7% ofthedistribution.

The invariantdifferentialyieldasa functionoftransversemass (m-r)isshown inFig.2

forfourdifferentrapidityslicesforthedatathathavebeenanalyzed.The transversemass
isdefinedby m'r- _/_rt_+ p_,wherem v istheprotonmass..['heyieldswerefittedwitha
two-parameterexponentialfunctioninmT oftheform

E d3n 1 d2n 1 e (rap/T) dn e_(mT/T}
dp a 2r,mT dmTdY - or, T(mp + T) dy

F
The free parameters in the fit are T (the inverse m-l"slope or temperature) and dn/dy. The (6
inverse m-r slopes of these fits are shown in Fig. 3 for each rapidity slice. The error bars on
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Fig. 1: Measured mass distribution in the antiproton mass region.
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Fig.3:InversemT slopesforantiprotonsincentralSi+Aucollisions.Theinverseslopesforprotonsfrom
E802areshownforcomparison.

these measurements are purely statistical, and should decrease once all the data are merged
and the yields can be fitted over a larger range of mr.

The dn/dy values obtained from the fits are shown in Fig. 4. The corrections applied
to the data for track reconstruction inefficiency and antiproton annihilation in the target
and spectrometer were momentum dependent, and were between 9% and 38%, with the
mean correction being 11%. The data were also corrected for the residual background below
the antiproton peak. The identification of antiprotons was reasonably clean for the 14
and 24 degree spectrometer settings, where the background is approximately 10%, but the
background is considerably larger for the 5 degree data (approximately 38%). Each of the
corrections is known to an accuracy of about 5%.

It can be seen in Fig. 4 that the dn/dy distribution lies below that measured in E802 for

rapidities above y=1.2, but the statistical errors on the E802 data are large. From Fig. 3
the inverse mT slopes are fairly constant with rapidity at a mean value of approximately
213-I-15MeV, and apparentlydropoffslightlyabovey=l.3.The two datapointsfromF.,802
aretakenfrom the thesisofJ.Costales._ Inparticular,theslopeof 1354-20MeV found

by E802 aty=l.4 iswellbelowtheE859valueof2044-8MeV atthatrapidity.From these

preliminaryresults,itappearsthattheinversemT slopesaresimilarforprotonsand antipro-
tons, at least for rapidities below y=l.3. Such similarity is consistent with the prediction of I
hydrodynamicalexpansionmodels.3

In Fig. 5 the invariant mr spectrum for the rapidity slice y=l.6 is shown with the mea- ._
surements from experiments E8584 and E814 s near mr=0 (low PT). It can be seen that
the exponential mT extrapolation through the E859 data appears to overpredict the yield

"d.
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Fig. 4: Rapiditydensity distributionforantiprotonsin centralSi+Au collisions.

mT-'0,althoughitcouldalsobe saidthattheE859and E814 measurementsareconsistent
withone anotherwithinthestatisticalerrors.Itshouldbe notedthatthe E859 datais

selectedon centraleventswhiletheothertwo arenot(seethecontributionby Crawfordfor

more discussionofthispoint).Anotherpossibleexplanationfora discrepancyisthatthe
lowermomentum (lowroT)componentisbeingabsorbed.However,thiseffectshouldthen
beevenmore conspicuousfortheantiprotonswithlowmomentum relativetothespectator

targetmaterial,and curvatureatlow mT shouldbe more pronouncedinthespectraaswe

approachthetargetrapidityaty=0. ThisisnotseenintheE859 data,whichaxesimilarly
welldescribedby exponentialsinmT atlowrapidity(seeFig.2).

The invariantmass spectrumofantiproton-_r+ pairsfromthedatatakenatthe14degree
spectrometersettingisshown inFig.6. The presenceofthepeakat themass ofthean-

. tilambda (mi., = 1.116 GeV/c2), after the background has been subtracted, indicates that
some of the detected antiprotons are from the antilambda decay" channel. The measured
antilambda yield was 384-6. The background was calculated by finding the invaxiant mass
distribution of 7r+'s and antiprotons taken from different events, and then scaling it until it

- matched the real invariant mass distribution on either side of the antilambda peak.
The acceptance calculation for the detection and reconstruction of antilambdas in the

E859 spectrometer has not been completed. However, by taking the ratio of the antil-
ambda yield to the iambda yield measured by E859 at the opposite magnet polarity _ the
acceptance factors cancel one another. For central Si+Au collisions we measure the ratio
A/A = 0.0023 4- 0.0008 at a mean rapidity of 1.4.
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3. Model Comparisons and Conclusion

The antiproton yield measured .in E859 is essentially what one would expect if it is
assumed that the antiprotons all come from the first nucleon-nucleon collisions, and that
there is no subsequent absorption of the antiprotons. If there is large absorption, however, it
is clear that there must be a corresponding enhancement of the initial antiproton production.

This is the picture that emerges from the RQMD model, 7 which produces an antipro-
ton yield in Si+AI that is 3-4 times higher than expected from the simple "first collision"
model. The mechanism for this is a collective process in which baryons which are below the
antiproton production threshold after their first collision are excited to high-lying resonances
in subsequent collisions. The resonances then decay into antibaryons. This enhanced pro-
duction, however, is offset in RQMD by a high probability of absorption, which is strongly
dependent on the system mass. For Si+AI collisions only 35% of the antiprotons survive,
while for Si+Au collisions the probability is down to 15%. With the enhanced production
and large annihilation rates RQMD is able to reproduce the E802 measured yield reasonably
well.

The antiproton yields predicted by the ARC code. _A Relativistic Cascade _, also agree
well with the E802 results, s For Si+Au. however, almost all the antiprotons in ARC come
from the first high-energy baryon-baryon collisions, resulting in a lower primary production
rate than in RQMD. The amount of absorption, without any screening effects, is similar to
that in RQMD. The ARC model, however, includes a three-body screening effect that dra-
matically reduces the amount of antiproton absorption, allowing 66% of the antiprotons to
survive in Si+Au collisions. To summarize, the reduced primary production rate of antipro-
tons in ARC relative to RQMD is compensated by the screening effect, which greatly reduces
the effects of absorption.

The E859 high-statistics measurement of the inverse slopes of the mT spectra for various
rapidity slices also provides a means for comparing the models with the data. ARC pre-
dicts an average value of 170+20 MeV, in reasonable agreement with the average value of
207+20 MeV measured in E859 over the rapidity range 1.1 < y < 1.7. Inverse slopes are
not yet available for RQMD.

The ability to discriminate between the two pictures of production and re-absorption
represented in ARC ,and RQMD will depend on a systematic, high-statistics study of an-
tiproton production in different collision systems. The discussion should become clearer
once the Si+AI data from E859 are analyzed. A definitive statement, however, may have to
wait until antiproton data are available from the Au+Au collisions which will be studied by
experiment E866.
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