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Antiproton Production in 11.54 GeV/c Au + Pb Nucleus-Nucleus Collisions
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We present the first results from the E864 Collaboration on the production of antiprotons in 10%
central11.54 GeV/c Au + Pb nucleus collisions at the Brookhaven Alternating Gradient Synchrotron.
We report invariant multiplicities for antiproton production in the kinematic redidn< y < 2.2 and
50 < pr < 300 MeV/c, and compare our data with a first collision scaling model and previously pub-
lished results from the E878 Collaboration. The differences between the E864 and E878 antiproton mea-
surements and the implications for antihyperon production are discussed. [S0031-9007(97)04466-9]

PACS numbers: 25.75.Dw

The yield of antiprotongp) in high energy heavy-ion bers downstream of the second magnet (see Fig. 1). The
collisions is of considerable interest for several reasonsscintillation counter hodoscopes (H1, H2, and H3) provide
Models of heavy-ion collisions that include a quark-gluonspace points for tracking, as well as redundant charge and
plasma (QGP) phase predict that the production of antiTOF measurements. The TOF resolution~i$30 ps in
matter will be enhanced in these collisions due to theeach plane. The straw tube chambers (S2 and S3) pro-
lower quark-antiquark production threshold relative to thatvide high precision space points. The mass resolution of
of a baryon-antibaryon pair [1]. Enhanced production ofthe spectrometer is between 3% and 5% in the kinematic
antimatter may also indicate strong, density dependemntgion explored in this data set. At the end of the appara-
mean field effects [2]. The observed yield is, howevertus is a lead/scintillating fiber hadronic calorimeter, which
a result of both production and subsequent annihilation.

Detailed study ofp production has been proposed as an

indirect way of measuring the baryon density in these col-  pjan view

lisions [3]. Finally, 7 measurements at the Brookhaven

Alternating Gradient Synchrotron (AGS) may contain a _ \\\ \ \ 1 D
large feed-down contribution from the decay of the anti-

lambda,A — p + 7", as well as other antihyperofg). i M2 s2 W1 H2 S8 H3 caL
By comparing results from experiments with different | ; ; ; ; ; i
sensitivities top’s from these decays, we may be able 0 5 1o 15 20 2 80
to infer the relative production of antihyperons g in =] i T 'D'}g

Au + Pb collisions. 2

Experiment 864 is a high rate, large acceptance spec- i _

trometer designed to search for novel forms of matter creE!G- 1. The E864 spectrometer (1994 configuration). Note

. . . . at the calorimeter and SB,V layers are incomplete. The
ated In heavy—|0|_1 collisions. The spectrometgr CO,nS'StS OAu beam is incident on a Pb target from the left, and the scale
two dipole bending magnets (M1 and M2), with time-of- shown is in meters. The vacuum chamber downstream of M2
flight (TOF) hodoscopes and straw tube tracking chamis not shown in the plan view. See text for details.

P OO N A~ O
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is used to confirm the energy of the particle determined ~
by the tracking detectors [4]. Finally, a straw tube cham- .’

ber (S1) located between the spectrometer magnets pro- %,
vides additional background rejection. The uninteracted £ ;|
beam is contained above the experiment in a large vacuum £ fy=1.4  1.4<y<16 (x1000)
chamber. The centrality (impact parameter) of the col- é‘ o
%
&
8

F £878 (scaled)

31 ++

10°

lision is determined by a segmented scintillation counter

located near the target, which measures charged particle

multiplicity in the polar angular range of 16.6 45 with

respect to the incident beam. For this analysis we selected — .

events with the 10% largest pulse heights in the multiplic- 10} _+__+_-+— —441.8<y <20 (x 10)

ity array, roughly corresponding to the 10% most central Sl

events or an impact parameter= 4.7 fm. A complete

description of the apparatus is in preparation [5]. 2| 20<y<22
The data presented in this paper are derived f20rh X * y=2.1 -+-+++++++++

10 10% central Au+ Pb interactions collected during the D

1994 run with 5%, 10%, and 20% Pb targets. for the 1994 _3

run, the experimental apparatus was not complete. The ' ¢~"5% 5o 750 200 250 300 350 400

calorimeter wasi complete, two layers of the S3 straw br (MeV/c)

array were onlyé— complete, and S1 was not in place. The !

calorimeter was stacked to have optimal acceptance fdrlG. 2. p invariant multiplicities as measured in E864 and

neutral particles, and thus was not used in this analysi%gm' for 10% central Au- Pb and Au+ Au collisions. The

. . 878 data have been scaled up by a factor of 1.5 to account
An average of five tracks per event was found in thefor the lower beam momentumpdf()).ISA GeV/c. The errors

spectrometer. The mass of a particle is calculated agars are statistical only. The inset shows the mass distribution
m = Z - where the rigidityr is reconstructed from the measured in E864 in thg mass region. Note the logarithmic
downstream fit of the track in the bend plane, and thescale.
chargeZ and velocityB are measured by the hodoscopes.
Antiproton candidates are selected by a set of quality cutsleus collisions; however, the difference between the Au
on the fits to the particle track in the detector. Additional(Z = 79,A = 197) and Pb(Z = 82,A = 208) target nu-
cuts are made to exclude particles whose back projectioglei is negligible. We estimate the systematic errors in
intercepts the collimator in the first spectrometer magneour measurements to be 20%, dominated by our under-
and to demand a charge measurement consistent wigianding of the experimental acceptance and track quality
Z = lineach hodoscope. The resulting mass distributiorgut efficiencies. E878 reports a systematic error of 30%
is fit to a combination of a Gaussian signal and linearon their measurements [6]. Figure 2 shows that the E864
background in the mass region of the The ratio of the measurements are consistently higher than their E878
number of signal counts ift3o- about the fixegp peak to  counterparts.
the number of background counts-s3. The measured Since the E864 data are approximately flat as a func-
P vyields are corrected for the experimental acceptanction of pr in each rapidity interval, they are averaged in
and efficiencies in each rapidity ang- bin. Since the each rapidity range and extrapolated g = 0. If we
TOF information from all three hodoscopes is requiredassume a Boltzmann shape to thedistribution with a
for a track in the spectrometer, an occupancy dependetg¢mperature parameter of 200 MeV (similar to prelimi-
correction is made to account for the fact that if a fastemary measurements fgs's by the E866 Collaboration
track hits a hodoscope slat first, later tracks could be los{9]), this extrapolation could underestimate the invari-
because only the first time will be recorded. ant multiplicity at pr = 0 by 6%. It should be noted
The 7 invariant multiplicities measured in E864 are that we cannot rule out a drastic changezinproduc-
shown in Fig. 2. The measured multiplicities are ap-tion between0 < pr < 50 MeV/c. If there is such a
proximately flat over thepr range where the experiment low-p; dependence t® production, this extrapolation
has acceptance, and correspond to a levell6fX  will not be valid. Figure 3 shows the E864 extrapola-
1072 GeV 2 ¢? at midrapidity(y = 1.6). Invariant mul- tions to pr = 0 along with the scaled E878 measure-
tiplicities for p production as measured by the E878 Col-ments. The E878 measurements yield a rapidity width of
laboration [6] are also shown in Fig. 2. The E878 datas, = 0.62 = 0.03 [6], while the E864 data yield a width
have been scaled up by a factor of 1.5 to account for thef 0.49 = 0.05. Using the E864 measurement extrapo-
lower beam momentum df0.84 GeV/c using the proce- lated topr = 0, we can quantify the difference between
dure in [7]. We estimate that there is a 15% systemati&€864 and E878. At midrapidity the ratio of invariant
uncertainty in this energy scaling based on a comparisomultiplicities is 3.96 + 0.42(stad”3%5(sysd. This ratio
with fits to higher energyp data [8]. It should also be decreases as one moves away from central rapidity. We
noted that the E878 measurements are for+Aku nu-  will proceed by comparing the measurgdoroduction in
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0]

cleus collisions that more than offsets any losses due to
annihilation.
In general, thep’'s detected could also be the decay

F 0 E878 (scaled) ! / products of antihyperons, such as the X0, and the
00s | / i 3. The decay of theZ? will produce additionaiA’s

* / ; which will be indistinguishable from those created in the
primary collision. The decay of tha and theX* will
producep’s whose production vertices do not coincide

0.04 |- N

m E864

0035 |- 47 x pp

0.025 [

002 [ "‘\.‘ with the location of the primary interaction between the
{ / B two nuclei. Therefore, the degree to whigls from these
oo1s [ 47xpp  } | | decays contribute to a measuremenfpoproduction will

[ T=200 Mev vary among experiments.

Because of its large acceptance, the E864 spectrometer
will detect p’s from Y decay. E864 does not have
sufficient vertical resolution to rejegi’s from Y decay
based on the vertical projection of a particle to the

(27py)~" d*N/dydp; (GeV2 ¢?) at py

0.005 |-

o; 05 bt 25 e target, and the analysis cuts do not preferentially reject
’ ’ ’ - antiprotons fromy' decay. Therefore, thg’s detected in
rapidity E864 are a combination of primafy's andp’s from Y

FIG. 3. P invariant multiplicities as extrapolated to; = 0 decay, in a ratio_ that reflects their production ratio. The
in E864 and measured in ES78 (scaledltosA GeV/c), for ~ E878 Collaboration have also evaluated the acceptance of
10% central Au+ Pb and Au+ Au collisions. Fits to the their spectrometer for feed down frofhdecay [12]. At
E864 and E878 data are also shown. The errors are statisticAidrapidity the acceptance fgi's from A and 30 decay
only. Two predictions based on first collision scaling (without is 14% of the spectrometer acceptance for primorgial
annihilation) are also indicated. e =
and 10% of thep acceptance fok = decays.

) ] ] Since both E878 and E864 measure a different combi-
E864 with a simple model, and then return to the d'Screp_hation of primordialp production and feed down frof
ancy between the E864 and E878 measurements and {igcay, we can in principle separate the two components if
implications for antihyperon prO,dU,Ctlon- we make two explicit assumptions: both E864 and E878
_ If we assume a model in whicp's are produced only nderstand their systematic errors, and the entire differ-
in first collisions _bgtween target and_ prOJectlle_ nucleonsgnce between the two experiments can be attributed to
and are not annihilated, we can estimate fhgield by  antihyperon feed down. It is important to note that in en-
scalingp production in nucleon-nucleon collisions by the grgy scaling the E878 results we have implicitly assumed
number of first collisions in a nucleus-nucleus interactionshat the7’s scale with energy by the same factor as the
A first collisions model of this type provides a referencezs A detailed statistical analysis of tH&/7 ratio as a
level of production for comparison, and may provide anfynction of the E864 and E878 measurements (see Fig. 4

indication as to whethep production is substantially en- oy getails), and the relevant statistical and systematic er-
hanced in nucleus-nucleus collisions, or suppressed (s involved. shows that

annihilation). It has been estimated that there are typi- _ .
cally 47 first collisions between nucleons in 10% central { ¥ _ (A EO A LIZTY 8 (98% C.L)

Au + Au(Pb) collisions [10]. We estimate thg produc- P )i ’ Ol

tion in pp collisions usingrQMD (v2.2) [11], which is rr=0 Q)
tuned to measure@ production at higher energies and

includes energy scaling of the cross section. The rewhile the most probable value of this ratio is5. The
sult of multiplying the RQMD pp invariant p yield at factor of 1.1 multiplying the2* arises due to the different
pr = 0 by the expected number of first collisions in a branching ratio and acceptance for thé compared to
Au + Pb collision is shown in Fig. 3. Ipp collisions theA. This indicates ary/p ratio in Au + Pb collisions

P production is peaked at low7, and therRQMD dis-  that is significantly greater than one at midrapidity and
tribution can be described by a Boltzmann temperature op; = 0. It should be noted that if thé’s and thep
~80 MeV. In nucleus-nucleus collisions, rescattering andare produced with different distributions in and pr,
annihilation are expected to broaden the distribution in rathen the ratio of integrated yields of these particles will
pidity and pr. In Fig. 3 we also show the invariant yield differ from the ratio at central rapidity angy = 0.

at pr = 0 assuming the same integrated yield (47 timesPreliminary results from Si Au collisions based on
the RQMD pp level) and a Boltzmann temperature of direct measurements op and A production by the
200 MeV. In this case, the yield at; = 0 is somewhat E859 Collaboration also indicate a ratio of integrated
lower than the yield measured in E864. This could beyields greater than one [13]. In contrast, the ratigpm

an indication of enhanceg production in Au+ Pb nu-  collisions at similar energies is0.2 [14].
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FIG. 4. The probability distribution for the ratiA + 30 +

1.13*%)/p at midrapidity and pr = 0 extracted from the

E878 and E864 measurements. This distribution is generated
by varying the E878 and E864 measurements within their
Statistical errors are treate
as Gaussian, while systematic errors are treated as indicating a

systematic and statistical errors.

flat range within which the measurements may vary.

An enhancement of antihyperons arises naturally in 3]
models that include a QGP, and therefore enhanced anti-

matter and strangeness production [1]. Thermal model

that use a temperature and baryon chemical potentia
derived from measured particle spectra also indicate that

the primordial A/p ratio could be larger than one [15].

However, these models are typically used to compare

integrated yields while we have only inferred thgp
ratio at a point in phase space.

In comparing the results of two experiments the po-

tential exists for differences in the overall normalization.
We note that preliminary measurements of protags,
deuterons, and Hein E864 are consistent with prelimi-
nary E878 measurements within the quoted statistical an
systematic errors of both experiments [16].

In summary, E864 has measurgdproduction about
midrapidity in Au + Pb collisions atl1.54 GeV/c. The
measuredp yields at midrapidity angpr = 0 are larger

P

Yoy
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