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Production of ¢ mesons in Au+Au collisions at 11.A GeV/c
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We report on a measurement gimeson production in Au+Au collisions at a beam momentum of
11.7A GeV/c by experiment 917 at the alternating gradient synchroton. The measurement covers the midra-
pidity region 1.2<y<1.6. Transverse-mass spectra and rapidity distributions are presented as functions of
centrality characterized by the number of participant projectile nucleons. The yiefgsgber participant
projectile nucleon increases strongly in central collisions in a manner similar to that observed for kaons.
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[. INTRODUCTION has been proposed that in a quark-gluon plag@@P sce-
. . L ) nario, strange quarks could be rapidly and abundantly pro-
The production of mesons in relativistic heavy-ion col- 4 ,ced via gluon interactiong]. Thus, ¢ mesons could be
!isions ha}s been an important subject of study at the alternajs.qated in a nonconventional way via strange quark coales-
ing gradient synchrotolAGS), the SPS, and RHIC. The once  pypassing the OZI rule. A strong enhancement in
production of the¢ meson, the lightest bound state of , neson production would serve as one of the strangeness-
strange quarksss), is suppressed in ordinary hadronic inter- enhancement signatures for QGP formatjah
actions because of the Okubo-Zweig-lizuk2Zl) rule [1]. It The production ofé mesons has been measured in Si
+Au collisions at 14.8 GeV/c by E859 at the AGS within a
rapidity interval of 1.2<y<2.0[4]. The ratio of the totalp
*Present address: Institute of Physics, Academia Sinica, Taipgfield to the K™ yield has been found to be 10% for the

11529, Taiwan. uppermost 7% of the charged-particle multiplicity distribu-
"Present address: Brookhaven National Laboratory, Upton, NYtion. NA49 at the SPS has measuigdaneson production in
11973, USA. p+p, p+Pb, and Pb+Pb collisions at a beam end(§y..)
*Present address: Forschungzentrum Jiilich, Jilich, D-52425, Gedf 158A GeV within a rapidity range of 3€8y<3.8. An
many. enhancement in the ratio ¢f to pion total yields by a factor
Spresent address: Gesellschaft fiir ~Schwerionenforschun@f 3.0+0.7 has been observed in central Pb+Pb collisions
D-64291 Darmstadt, Germany. relative to inp+p interactions[5]. Also at the SPS, NA50
'Present address: University of lllinois at Chicago, Chicago, ILhas measured the ratify (p+ w) as a function of centrality in
60607. Pb+Pb collisions by fitting the invariant-mass spectrum of
TPresent address: Laboratori Nazionali di Frascati dellINFN,muon pairs with 6<y-yyy<1 and 1.5<m =<3 GeV/c? [6].
00044 Frascati RM, Italy. Both this ratio and the absolute yield éfs per participant
** Present address: Tata Institute of Fundamental Research, Caucleon have been found to increase significantly with the
laba, Mumbai 400005, India. number of participant nucleons. The STAR experiment has
MPresent address: lowa State University, Ames, IA 50011. reported on a measurement of tiheyield at midrapidity in
HPpresent address: National Institute of Health, Gaithersburg, MDAU+Au collisions at center-of-mass energsy=130 GeV.
20892. An increase in thep/h™ ratio with \% has been observed
$8present address: CW Associates, 7676 Woodbine, Markharfi/].
L3R 2N2, Ontario. Enhancements in the yields of particles with open strange-
lPresent address: H.-M. Zou, Rabobank Nederland, 245 Parkess have also been observed. At the ABS/ =" ratios
Ave, New York, NY 10167. have been seen to increase~+@0% in central Si+Au and
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Au+Au collisions, from 4% to 8% imp+p collisions[8-10,  to center-of-mass energiaSy,=3.83, 4.31, and 4.87 GeV,

and theA/Hratio has been found to increase Strong|y with reSpeCtively in the fall of 1996. The identified partiCIeS in-
centrality in Au+Au collisions[11,12. At the SPS, the clude particles containing strange quarks, Suck’a”, ¢,
WA97 collaboration has observed enhanced production of\, and A, and nonstrange particles such asp, andp
K’s, A's, E's, andQ’s in heavy-ion collisions relative to in [10,12,28-30 The experimental apparatus consisted of a
p+p or p+A collisions [13]. Measurements from the movable magnetic spectrometer for tracking and particle
PHENIX experiment at center-of-mass energysyy identification, and beamline detector arrays for global event
=130 GeV have shown the kaon yield to be more stronglycharacterization. When the data reported in this work were
dependent on centrality than the pion yield at midrapiditycollected, the beam momentum was B G@eV/c, an Au
[14]. target with areal density 1961 mg/érgcorresponding to ap-
The reason for the strangeness enhancement in heavy-igmoximately 4% of an interaction length for an Au projectile
collisions is not completely understood. The rescattering ofvas used, and the spectrometer angle was set to either 14° or
hadrons and the conversion of the excitation energy of sect9° from the beam axis. The momentum resolution of the
ondary resonances into strange particles might give rise tepectrometesp/p was about 1% for particles with momen-
strangeness enhancement in a purely hadronic pictueim greater than 1 Ge\¢/and increased at lower momen-
[15-17. Strangeness enhancement can also be interpreted @sn, up to 2% ap=0.6 GeVk, due to the effect of multiple
a reduction in canonical strangeness suppression freqm  scattering. The kaon momenta in reconstruateevents lay
to A+A reactions in the context of thermal moddI3]. mostly in the range of 18 p<2.0 GeVk. Event centrality
Strangeness enhancement as a function of the number wfas characterized by the energy of the beam spectators after
“gray” protons(a centrality index has also been seen jn  the interaction as measured in the zero-degree calorimeter
+A collisions, in which a QGP phase is unlikely to contribute (ZCAL), positioned downstream of the target on the beam

[19]. axis. More details on the detector systems are given in Refs.
Under the conventional hadronic interactions, there ar¢30-33.

mainly three scenarios proposed for the productiog ofie- The data presented here were collected using a two-level

sons in nuclear collisions. online trigger: a minimum-bias spectrometer-activity trigger

(1) Parton fusion of strange sea quafk§] or knock-out  (LVL1) followed by a particle-identification trigggtVL2)
of sspairs[21] from the primary collisions of projectile and which required two charged kaons of either sign or pria
target nucleons. the spectrometer acceptance. The hardware LVL2 trigger
(2) Secondary baryon-baryon interactiolB— ¢NN,  looped over the combinations of drift chamber and TOF hits,
meson-baryon interactiongr,p)B— ¢B [22] and meson- and formed combinations consistent with tracks correspond-
meson interactionsrp— ¢ [23], whereB=N,A,N". ing to particles of given momentum, charge, and particle
(3) Secondary kaon-hyperon interactiokyY — ¢N and  type using a look-up tablg83]. The LVL2 trigger increased
kaon-antikaon scatteringK — ¢p in the event of the resto- the live time of the data-acquisition system by essentially the

ration of chiral symmetry in the hot and dense nuclear fireJatio of the rate of vetoable LVL1 triggers to the rate of
ball [24]. vetoable LVL1 triggers that were not vetoed. This ratio was

With inclusion of secondary meson-baryon and mesonknown as the LVL2 rejection factor, and could be estimated

meson interactions, relativistic quantum molecular dynamic®nline. In Au+Au CO"'S'OHSOW'th a Tagng'uc field of 4 KG
(RQMD) [23] is able to qualitatively describe the increase ofand the spectrometer at 14° and 19°, typical rejection factors
kaon yields with centrality measured by ESBEp], though ~ for @ ZK/p trigger were 4.8 and 8.5, respectively. By exam-
quantitative differences do exig26]. ining data that was taken with the LVL1 trigger and record-

The different scenarios described above imply differentnd the decision of the LVL2 trigger, the inefficiency of the
relations between the scaling @f production and that of Iatter_wz_as monitored and found to be less than _1% for events
other hadrons, such as kaons and pions, with collision cerfUlly inside the acceptance. Most of the LVL2-triggered data
trality and energy. Hence, a systematic measuremeng of Was background since the trigger was optimized to reject
production in different collisional systems may help to quan_only events th'a'g were clearly not of the correct type in order
tify the increase in the overall strangeness production, and, if? keep its efficiency near 100%. _ _
combination with other measurements of strange and non- A time-of-flight (TOF) system with a typical resolution of
strange hadron production, to differentiate between possiblé30 PS served to identify pions and kaons up to @ momentum
mechanisms contributing to the strangeness enhancemefft 1.75 GeVE with three standard deviations of TOF reso-
[27]. lution. Above this momentum, theo3contours in the(p,

In this paper we report on a measurement of ¢hgield ~ 1OF) plane began to overlap. Within this region, particles
around midrapidity in Au+Au collisions at the AGS at Were identified as kaons only if their TOF was inside the

Brookhaven National LaboratoBNL), and compare it to Kaon region and outside of the pion region, since 10—30% of
the yields of pions and kaons. the tracks in the overlap region were from pions. A specific
correction for the kaon-identification inefficiency from the
exclusion of the pion bands in this region of high momenta
was implemented in the analysisee Sec. Il B. Addition-
Experiment 917 took data on Au+Au reactions at projec-ally, kaons with momenta less than 0.5 GeWere rejected,
tile momenta of 6.8, 8.9, and 1A%GeV/c (corresponding in order to avoid the need for large acceptance corrections.

Il. EXPERIMENTAL DETAILS
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2.4

TABLE I. Centrality bins used in the analysis. The cuts on zero-

deg energyE . that define each bin are list¢th GeV), together S I 19° - 14°
with the corresponding fraction of the total cross section for Au {5'1 02| —
+Au collisions(in perceny, the mean number of projectile partici- g i L
pants for the biNyy and the estimated value of the mean number o B -
of binary collisions(N.q) by Glauber model and the mean number i e B
of projectile participants estimated froByca. (N554"). The total 1sb 2008 Co
beam kinetic energy in the collisions is about 2123 GeV. B T - L

: ) 2CAL 16 EE@EEE - o
Bin EzcaL 010t (%) (Npp (Neo?  (Npg™) [ sodn - RRE
1 0-280 0-5 170+£10 770x72 179+1.0 1.4 EEE DE'D I 55555&%@55
2 280-560 5-12 138+12 585+74 157#15 [ oooonos C . oome
3 560-960  12-23 101+14 393+74 126+2.0 12 e IR
4 960-1440  23-39  62+14 20760 B84+2.6 SR [
5 >1440 39-77 20+12 50+38 34+3.1 ! 1 1.5 1 1.5

Rapidity y

The index of event centrality was obtained from the dis- FIG. 1. The experimental acceptance fgiK™ pairs in the space
tribution of the energy deposited in the zero-degree calorimef transverse masén,) vs rapidity (y) for the 19° and 14° spec-
eterEzca. Obtained using a minimum-bias interaction trigger trometer angle settings.
based on the measurement wittCarenkov counter of the
projectile charge after passage through the target. Emptyr 0 Gev/ic2< n}z[n@+(pt/c)2]1/2<2,2 GeV/[?, as shown
target runs were periodically taken in order to subtract thg, Fig. 1.
background from the ZCAL energy distribution. Assuming @ The ¢ mesons were reconstructed by forming the
monotonic relation between the energy deposition in thf?nvariant—mass(minv) distribution of identifiedK*K™ pairs
calorimeter and the event centrality such that the most ceng,q subtracting the combinatorial background, which was
tral events correspond to the smallest energy deposition, Wgpi5ined by the event-mixing methd87]. Two kinds of
divided the data into five centrality bins. The centrality bins jistributions were formed: “same-event” distributions, in
are expressed as a fraction of the total cross section for Ay hich thek*'s andK™’s were selected from the same event,
+Au collisions, 6.8 b as evaluated from the parametrizations,,q «mixed-event” distributions, in which the individual par-
of Ref. [34]. The cross section for Au+Au collisions as mea- icjes were chosen from different events in the same central-

sured with the minimum-bias interaction trigger is approxi—ity class to represent the uncorrelated background.
mately 5.2 b, or 77% of the total cross section.

We have attempted to estimaté,,), the mean number of
projectile participants, antN..;), the mean number of bi-
nary collisions, according to the Glauber mo@@¥], using First, we examined the minimum-bias invariant-mass dis-
impact parameter cuts corresponding to the centrality rang#ibution of kaon pairs by fitting the data to a relativistic
for each bin as listed in Table |, and an assurpeg inelas-  Breit-Wigner distribution(RBW) convoluted with a Gauss-
tic cross section of 30 mb. In experiments 802, 856, and 86&n representing the experimental mass resoly#oB8]. The
[9], the number of projectile participants has been convenshape of the background was obtained from the mixed-event
tionally estimated from the relationN;>A"=A, (1  distribution while the normalization was left as a free param-
~EzcaL/Epean), WhereA,; is the atomic mass of the projec- eter in the fit. The parametrization is as follows:
tile, andEpe,mis the total kinetic energy of the nuclei in the 1 A\ 2

exp [— —( m-m ) ]
2\ oy

A. Invariant-mass distribution for K*K~ pairs

beam before interaction, which was 2123 GeV in the present

sam

case. For the purpose of comparison, we have also calculated dNK"K? N , ,
N2CAL and its uncertainty with a nominal ZCAL energy reso- dm fm RBW(m') om? dm
lution (o/E) of 3.6%[36]. All relevant parameters for each v hm
centrality bin are listed in Table I. To facilitate comparison dNZhe
with other experiments we will usgN,) as calculated using + bW’ (1)
the Glauber model for the rest of this paper.
where
lll. EXPERIMENTAL RESULTS RBW(m) = ";nbl“(m) , P
. . (m? = mg)? + [mel"(m) 12
A total of 250 million LVL2-triggered events were ana-

lyzed. When the two spectrometer angle settings were com- 103
bined, the overall acceptance fiifK™ pairs covered the re- T(m) = 2T, (9/go0) (3)

gion of rapidity 1.2<y<1.6 and transverse mass (a/ge)®+ 1’
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(~2 MeV/c?) across the kinematic region of acceptance
[32]. Given the stable mass resolution and the limited statis-
tics for the division of data into bins in centrality and phase
space, the transverse-mass spectra were obtained by counting
events in a defined signal window and estimating the number
of background events within this window, rather than by in-
tegration of the result of the fit with E@l). The details were
as follows. The data were divided into subsets for each of the
two spectrometer settings and five centrality classes. Same-
event and mixed-event pairs for each subset were binned in
rapidity and transverse masgAy=0.2 and Am
=0.2 GeVL?), and invariant-mass distributions were ob-
tained for each bin. No corrections were applied to the
il i - invariant-mass distributions at this stage—signal extraction
898 1 102 104 106 108 1. was performed on the spectra of raw counts. In each bin, the
m,,, of K'K™ (GeV/c?) total number of signal and background cou(®sB) was
taken to be the sum of the counts within a signal window
FIG. 2. (Color onling The invariant-masém,,) distribution of ~ defined as 1.004@m;,, <1.0355 GeV£2. In units of the
K*K™ pairs for minimum-bias events, superimposed with a fit con-natural ¢ width, this interval corresponds to approximately
sisting of a relativistic Breit-Wigner distribution plus the back- +3.7"; about the expected peak position. We then estimated
ground distribution from a mixed-event technique, as described inhe number of background coun) inside the signal win-
the text. In the inset, thﬂ) signal together with fit results from the dow as the number of counts in the normalized distribution

2000 [~

dN/dm,, (c*/GeV)

1500 [—

1000

500 —

first term in Eq.(1) is shown. of mixed-event pairs in this same interval. For this purpose,
the mixed-event distributions were normalized to have the
Qo= \s"—mﬁ/4 -2, (4) same area outside of the signal window as the same-event
distributions. The final number of signal court® was ob-
tained by subtracting the background estimated in this wa
q= /4 -ng, (5) ¢ ) ) /

from the total number of events in the signal window. Using
and where the limits of integration wers,=0.989 GeV{?  this procedure, we were able to obtain estimate$ &dr a
and m,=1.252 GeVt2 There were five free parameters in total of 88 distributions corresponding to different bins in
all: the relative normalizationa andb, the peak mass and Phase space and centrality for each of the two angle settings.

width parametersy, andl, and the experimental mass reso- We use they?® statistic obtained from the Poisson log-
lution o, likelihood treatment described in R¢R9] as an index of the

For the minimum-bias data, the same-event invariantdegree of consistency between the same- and mixed-event
mass distribution of K*K~ pairs and the background- invariant-mass distributions in the mass region used for nor-
subtracted signal distribution corresponding to the first ternimalization. We typically foundy®/ DOF= 0.8 (for most fits,
in Eq. (1) are shown together with the fits in Fig. 2. The the number of degrees of freedom—one minus the number of
valuesmy=1018.99+0.36 MeVd?, I',=6.14+2.59 MeV{?, populated bins outside of the signal window in the mixed-
and 0,=2.43+1.11 MeVt? were obtained withy?/DOF  event distributions—was 149In the worst case, we found
=145/167=0.87. The fit results for the peak position,)  x*/DOF=177/149.
and width (T'p) of the ¢ signal are in agreement with the ~ The statistical error or§ was calculated a%=(S+B)
world-average values. The large uncertainty By arises  *0a. Here,(S+B) is the contribution from Poisson fluctua-
mostly because of a high degree of correlation in the fit betions in the number of total counts in the signal window, and
tween the values for the parametdis and b (correlation  og was taken to b@/ By, with By, the number of counts
coefficient =0.71 The value obtained for the experimental in the spectraoutsidethe signal windowwhere same- and
mass resolution{o,,) is also consistent with our estimated mixed-event spectra are normalized to the same intedsl
value of 2.0 MeV £2, from Monte Carlo studies and from the an index of the statistics of the measurement, the values ob-
width of the peak fromA decay in theps invariant-mass tained forSrange from a few counts for bins in phase space
distribution [32] (the known contribution from the multiple near the limits of the spectrometer acceptance, to approxi-
scattering of the kaons in the target in the case of the preseftately 100 counts for bins well within the acceptance. Typi-
measurement was accounted for by additional smeprlng cal values of the signal-to-total rati&/(S+B), were 0.05—
is noted that the result of the fit lies systematically below the0.30; 74 of the 88 measurements had valuesSkfS+B)
data in the invariant-mass region 10—20 Me¥below the  within this interval. The median statistical error for the 88
¢ peak. We do not have a clear understanding of this effectneasurements @was 72%; 57 of the 88 measurements had
statistical errors of less than 100%.

Systematic errors 0% may result if the signal window
does not completely include the signal peak. In this case, not

Monte Carlo studies confirm that the experimentalonly are the tails of the signal peak excluded from the signal
invariant-mass  resolution (o,) remains constant count—the equal-area normalization technique will also

B. Signal counting and extraction of differential yields
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least-squares fit with uniform weights to the nine points for
w0l (13) (1b) oo . nine points
% 4) each bin. The results are shown as the straight lines in the
| | l ! l | | figure. For each bin, we quote as the systematic erros on
T T ? T ! I T the rms variation of this line over the interval spanned by the
200 _. R oo 4100 first and last points, which is equal to the maximum vertical
@ 320 (2a) (2b) 380 extent divided by\s‘TZ. When applied to each centrality and
§ phase-space bin used for the analysis, this procedure leads to
O 200 - 260 systematic errors foBthat vary significantly from bin to bin.
< For the 88 individual measurements$)fthe median system-
'Ug;seo AT AN P TIN Py atic error is 16%; 62 of the 88 measurements have systematic
(3a) (3b) 1400 errors of less than 30%. In all cases, the statistical errors on
S are larger than the systematic errors.
195 | The differential yields for each bin in phase space and
+ 1200 centrality were then calculated froBas
1EN _ 1 s @w o
Width of signal window / T, mydydm  AyAm; fzca Nint BR(MY

. _ _ o wheref,c,. is the fraction of minimum-bias interaction trig-
_ FIG. 3. Dependence @& on width of signal window for25|x bins gers satisfying the centrality selection),, is the
'1”2y a”f4ml: (ia; 1'2<1y9<é'4\*//c%'5< mt3< 1.7 Glexlc ' (122) background-subtracted number of minimum-bias interaction
esy<1.4, =m=1.9 GeVies, (33 A<y<Lb, triggers collected with the data for normalization purposes,

2 2
(12£)< Tﬁt‘ifz\/ﬁ ’322211‘2;5’:\/}524 ’ alﬁgistgt)ili?/e!l/ce, (a)y is the geometrical acceptance correctim), is the over-

1.5<m<1.7 GeVK2 For panels(1a), (2a, and (3a), the spec- all correction factor for other experimental gffedm) is the

trometer was at 19°; for pane{&b), (2b), and(3b), the spectrom- Mean value ofm; for all pairs in the bin, and BRb

eter was at 14°. Minimum-bias dat@—77% centrglare shown in ~ — K'K7)=49.2%.

each case. The abscissa is the half-width of the signal window ex- Apart from the systematic error & the principal source

pressed in units of the width, [',=4.26 MeV/c?. The errors plot-  of systematic uncertainty in the yields is from the uncertainty

ted are statistical only. The lines represent the results of lineamn f,c, . Due to radiation damage to the plastic-scintillator

least-squares fits to the points, using uniform weights, and are use#aterials of the ZCAL, its signal decreased with time. A

to obtain the estimate of the systematic error®for each bin. run-dependent calibration was therefore used, in which the
. . . energy of the fragmented-beam peak was recentered at the

cause the baseline to be overestimated. Systematic errors O inal beam kinetic eneratwith corrections for ener

S may also arise if the mixed-event distributions do not ac- . ggwitr 9y

curately represent the background in the same-event distr‘gSS in the target These calibrations were performed peri-

; ; - ; dically throughout the running period. The centrality bins
. Of I h f h . o .
?nuélsosn?ntgvglaitlggoar_clo gi%rrésé/neofeﬁc?ns S’Sgc Cﬁlu thr:gt é)vere then defined via fixed cuts on the calibrated ZCAL

visible in Fig. 2. In the same-event spectra for the individualS"€r9y: Howeverfzcaexhibited residual variation as a

centrality and phase-space bins, this excess is present Bnction (_)f running time. '_I'he resulting contributions_to the
varying degrees. Since we are uncertain of the origin of thiSystematic errors on the yield measurements are estimated to

excess, its effects must be included in our estimates of thE2nge from about 5% in the most central bin to 10% for the

systematic error for the signal count in each bin. most perlpheralibln. .

We assign the systematic error 8rior each bin by vary- '!'he geometnca! acceptan¢a) and many of the cgntn-
ing the width of the signal window from 42, to 5. For ~ Putions to the weight factotw) were calculated using a
window sizes smaller than #2, the signal count drops pre- gEANT—based Monte Qarlo simulation |mplement|ngla realis-
cipitously. For window sizes larger than Eg there is very tic detector configuratiofi32]. The value ofa) used in Eq.
little constraint on the normalization from the low-mass por-(6) is the average value fap— K*K™ events in the phase-
tion of the distribution. In Fig. 3 we show the dependence ofspace bin of interest. The weight facter) was calculated as
S on the width of the signal window for minimum-bias dis- follows for each centrality and phase-space bin. Corrections
tributions in six bins ofy andm,. For each bin, values &  for kaon decays in flight, the single-particle tracking ineffi-
are plotted for nine different choices for the signal window, ciency, hadronic interactions, multiple scattering in the spec-
each symmetric about the expected peak position with halftrometer, momentum cuts, and the kaon-identification ineffi-
width in units ofI'y given by the abscissa value. The centralciency were evaluated using the Monte Carlo, separately for
point in each plot, corresponding to a window width of abouteach track in each pair. An additional correction for the
3.7, provides the value of used to obtain the results single-track tracking efficiency in the presence of back-
presented in this work. Some of the point-to-point fluctuationground hits on the drift chambers was evaluated by inserting
is statistical in nature and is presumably accounted for in théound tracks into random events. This occupancy correction
statistical errors associated with each valueSofin most  was then parametrized by the hit multiplicity in the chambers
cases, however, there is a suggestion of an underlying syand applied for each track; the resulting correction was typi-
tematic trend. To quantify this trend, we perform a linear,cally 20—40 %. The individual correction weights for each
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2
m;-m, (GeV/c") FIG. 5. The inverse-slope parametéfsand rapidity density,

dN/dy, of ¢ mesons as a function of centrality. The open symbols
show the reflections of the data points about midrapi@jty1.6).
The error bars have the same significance as in Fig. 4.

FIG. 4. The invariant yield ofp’s as a function of transverse
mass(m,—mg) in five centrality bins labeled byr/ oy In each
panel, the top set of pointgircley is for 1.2<y<1.4, while the
second set of point&riangleg is for 1.4<y< 1.6 and is divided by
100 for presentation. The total errors are calculated as the quadrdith anm bin size of 0.2 GeVé?, in Fig. 4. For them, bins
ture sum of the systematic and statistical errors, while the magniwhere the acceptance from 14° and 19° data sets overlap, the
tudes of the latter are indicated by the cross bars. The lines are thisdividual measurements from each of the data sets agree to
results of the exponential fits described in the text. within statistical errors, and the weighted average of the two

measurements is presented. The full error shown includes
track and from each of the above sources were then multioth statistical and systematic contributions; the contribution

opening-angle cutevaluated for each pajrto obtain the €rrors are calculated as the quadrature sum of the statistical

overall pair weightw. The value of(w) in Eq. (6) is the and systematic errors. o _

average value af for all pairs in the same-event distribution /AN €xponential parametrization with two parameters, ra-
of interest. The systematic errors associated yajrand(wy  Pidity density(dN/dy), and inverse slop€T), was used to fit
are estimated to be no larger than 5%, arise mainly from théhe transverse-mass spectra:

statistics of the samples used to obtain the weight factors,

and do not significantly affect the results. 1 N __ dNdy ex [_ (mt——mo)cz}
The final systematic errors on the individual yield mea- 2xc’mdmdy 27(Tm,c?+ T?) T '

surements are calculated as the quadrature sum of the frac- 7)

tional systematic errors of (for each measurementon

f,caL (for each centrality bip and on{a)(w) (constant In This function gave a good fit to the data wigt/DOF

general, the dominant contribution is from the systematic™ 1 in all cases. The values obtained for the rapidity density
uncertainty onS. For the 88 individual differential yield (dN/dy) and inverse-slope parametef$) are plotted as
measurements, the median overall systematic error is 209unctions of rapidity and centrality in Fig. 5 and are listed in
60 of the 88 measurements have systematic errors of ledables Il and Ill. The statistical and systematic contributions
than 30%, and 75 of the 88 have systematic errors of lest the error were evaluated by performing the fits with and
than 50%. In all cases, the statistical errors are larger than theithout the systematic contribution included in the errors.
overall systematic errors; for 73 of the 88 measurements, the
statistical errors are more than twice as large as the overall TABLE Il. Inverse-slope parameteF, in units of MeV/c?, for
systematic errors. ¢'s in two bins of rapidity and five bins of centrality. Errors are
Experimental results from both the 14° and 19° settings ostatistical followed by systematic.
the spectrometer were in all cases consistent within statisticat
errors, and were therefore combined for the presentation dafentrality (%) 1.2<y<1.4 14<y<1.6
the transverse-mass spectra, resulting in the 53 individual

differential yield measurements plotted in Fig. 4. 196+19+19 260+27+25
5-12 244+20+£22 173+28+50
. L 12-23 161+18+19 215+£28+25
C. Transverse-mass spectra and rapidity distributions
_ o 23-39 154+15+21 244+31+40
The transverse-mass spectra for the five centrality bins argy_ 77 169+17+15 189+28+90

shown in two bins of rapidity, 1.2 y<<1.4 and 1.&4y<1.6,
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TABLE Ill. Rapidity density,dN/dy, for ¢'s in two rapidity A. Transverse-mass spectrum of thep; comparison
bins, by centrality. Errors are statistical followed by systematic. to other species
_ In the most central bifo/ 015;=0—5%), the inverse-slope
Centrality (%) l2<y<l4 1l4<y<1.6 parameter is determined to be 260+37 Me¥/around
05 0.31240.075+0.056  0.362+0.065+0.054 midrapidity. As motivated by hydrodynamic mod¢Q], the

inverse-slope parameters for different particle species are ex-

512 0.203:+0.032£0.018 0:316£0.122£0.153 pected to scale with species mass for particles that participate

12-23 0.124+0.040£0.020  0.158£0.045£0.069 i, the collective transverse flow. It is interesting to see
23-39 0.098+0.023+0.018  0.076+0.017£0.022 \yhether the inverse slope fef mesons fits into the system-
39-77 0.017+0.005+0.004  0.018+0.005+0.005 atic trend observed for the other hadrons. However, two

known effects complicate the interpretation.

The first is that the cross sections frinteractions in the
The systematic error due to uncertainties in the overall noreollision medium are expected to be small. The OZI rule
malization is excluded from the systematic error estimate foinhibits elastic scattering of the> on nucleons and non-
T. strange mesons and resonances. Elastic-scattering cross sec-

As a function of centrality, the rapidity density shows ations are dominated by Pomeron exchange and are expected
strong systematic increase, while the inverse slope increases be on the order of 1 mljsee Ref.[3] and references
more mildly. Within the rapidity range covered by the mea-thereir. In particular, from studies oty photoproduction,
surement, there seems to be no strong rapidity dependengstal cross sections for the interaction ¢& with nucleons
for T. are estimated to be 8—-12 mb over the rangepokinetic

The fiducial yield is the sum of the valuddl/dy <X Ay for  energies from a few hundred MeV up to several GeV, and
the two rapidity bins covering the interval k3/<1.6 and dominated by OZl-allowed absorptive processes—elastic
is plotted as a function ofN,,) (calculated from a Glauber scattering of¢’s on nucleons accounts for about 1 mb of this
model as explained in Sec) ih Fig. 6. When normalized to cross sectiorf41]. It might therefore be expected thats
(Npp), this quantity exhibits a steady increase with increasinglecouple rather early from the nuclear fireball, which is com-
centrality. This implies that the fiducial yield ¢fs increases posed of nucleon resonances, pions, and nonstrange meson
faster than linearly withN,). It is noted that the increase resonances. If this were the dominant effect, thénverse
with centrality is slightly more significantthe effect is on  slope(T) would reflect the original “temperature” when the
the order of 4% in the slope of a linear)fif the fiducial ~ ¢’'s are produced, without the enhancement from collective
yields are plotted again$N§§AL>. Thus, we observe an en- transverse flow developed in the late hadronic st§42s In
hancement inp-meson production in central events. This is this casel for the ¢'s would be lower than that observed for
similar to what has been previously observed for kaon proother hadrons of similar magfor example,p's).
duction[9]. In Pb+Pb collisions at the SPS, NA50 has also On the other hand, when th¢ is detected via its decay
observed an increase in the yield gfs per participant Into kaons, the rescattering of the daughter kaons fybisn
nucleon((n,)) as a function of(n,) [6], though the NA50 that decay inside the nuclear fireball would generate a rela-
data show more evidence of saturation of this quantity in thdiVe depletion in thep yield at low p;. This explanation has
most central collisions than do our results. been proposef43] to explain the difference in the values of
T for ¢ mesons obtained by experiments NA49 and NA5O,

which observed the via its decay intdK*K™ and u* u~ final
states, respectively. Given the short lifetime of tecr
In this section, we compare the measured inverse slopes45 fm/c), one might expect that this effect can give rise to
(T) and rapidity densitiesdN/dy) for the ¢ to those of the a significant depletion in they, spectrum only at lown,. To
other hadrons and explore their dependence on centrality anliustrate, we have performed a simple simulation in which
beam energy. ¢'s are generated at the center of a “fireball” according to an
exponentialm, distribution with T=250 MeV/c?, and any
0.2 ————T—— 11— 77— 0.0010 ¢'s that decay within 7 fm of the origin are suppressed. For
m,—my,>0.5 GeV £? the resulting depression of ting spec-

++ T %WL % 1 trum is nearly uniform; a deficit in the spectrum of more than

IV. DISCUSSION

10% is noted only fom,—my=<0.25 GeV£?, i.e., only at the
edge of the E917 acceptanc@. calculation performed with
RQMD for Pb+Pb collisions at the SPS gives similar results
[44].) Conceivably, however, in-medium effects could
0.0 25700 780" 0 B0 700 750 0-0000 broaden thep enough to cause a more significant fraction of
(- () ¢'s to decay inside the fireball, leading to an increase in the
apparent value of in fits to them, spectra(see Ref[45] for
FIG. 6. The fiduciale yield (left) and fiducial¢ yield per pro- ~ an example with reference to the NA49 and NAS50 gata

0.0005

¢ yield
T
oN,,)

jectile participant{N,,), as a function ofN, (right). The accepted For the comparison of the transverse-mass spectra for
rapidity region is 1.2y<1.6. The error bars have the same sig- various particle species, we choose to use the mean trans-
nificance as in Fig. 4. verse massmy). This is because a variety of forms are used
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to fit and parameterize the transverse-mass spectra in the
existing measurements af" [46], K* [9], p [30,47, d [47],

% ® E866
and A [12] production at midrapidity in central Au+Au col- 9%

EO

&

v

m E917
lisions at the AGS, including Boltzmann, Boltzmann plus
exponential, andn.-scaled exponential forms, in addition to
the simple single-exponential form used to fit thespectra
for ¢'s in this work. In all but two of the reports referenced
above,(m) is derived from the slope parameters for the cho-
sen parametrization of the, spectra, and quoted in place of 0.3

0.35

IIII|IIII|IIIIIIIIIIIIIIIIIIIlIIIIlIIII
.
.
.
.
.
&°
N
.
.
.
.

K, -
the slope parameters themselves. The exceptions ai¢*the _—_—i
and A data. In Ref[9], them, spectra for kaons are fit with 025 ¢--
exponential distributions, and values ©fare reported. We 0.2
convert to{my) using the expression
| | |
M2CH + 2myC2T + 272 0155 0.5 1 1.5 2
_ 2:
(MY exp= e+ T . (8) m, (GeV/c?)

FIG. 7. The mean transverse mdgsy—my)) for various par-
We use the same expression to obtam) from the value of ticle species as a function of the species mass at midrapidity for

T obtained from the fit to then, spectrum for thep presented ~ central Au+Au collisions at 11.7 Ge¢/per nucleon as measured
in this work. In Ref.[12], the m, spectra forA’s are fit with by E866 and E917. The dashed _Ilne is a le assuming expor!entlal
Boltzmann distributions transverse-mass spectra and a linear relationship between inverse
' slope(T) and particle masémy), as described in the text. Values of
T for particles other than the¢ are taken from Refs.

2
1 d°N — dN/dy [9,12,30,46,4F. The proton data point from E86@917 is pre-
2mc*mdmdy  27m(Tgmic? + 2Tamyc? + 2T3) sented with a shift of —30 Me\6?(+30 MeV/c?) in mass for
(m - )02 clarity.
X mc%exp [— %} NC)
B

least some of the transverse flow, as described in [R&f.

. However, the significance of this observation is limited by
and values fofg are quoted. We convert ton) using the  {he precision of the measurement.

expression
B. Centrality dependence of¢ production; comparison

_ mpe® + 3mac*Ty + 6myC?TE + 6Tg to other species
(MYgoiz = mec? + 2myC?Tg + 2T2 (10 As mentioned in Sec. |, processes suctpps- pp¢ are

. suppressed by large threshold energies and the OZI| effect.
The values ofm,—my) for ¢ mesons, together with the Thus a naive expectation assuming ordinary hadronic inter-

corresponding values for*'s, K*s, p's, d's, and A’'s are  actions is that if an enhancement ¢nproduction were ob-
plotted as a function of species mass in Fig. 7. We note tha3erved in heavy-ion collisions at AGS energies, this enhance-
the centrality selection differs somewhat from species to spelent would result from secondary collisions, e.g., via
cies in the available data: top 3% fai*, p (E866), andd;  channels such as™A — ¢p or K'K™— ¢p [24]. If this were

top 5% forp (E917), ¢ andK*; and top 12% forA. The in fact the case, increasingY andKK combinatorics would
rapidity coverage varies similarly: for thet data it is Pring about an increase of the/K ratio for central colli-
1.3<y<1.4; for theK* and ¢ data it is 1.4 y< 1.6, for the  SIONS.
p and d data it is 1.4<y<1.5, and for theA data it is On the ather hand, the proposed “rearrangemg or
1.0<y<1.4. (For rei‘erencey, =161 for 112 GeV/c “shakeout”[21] of an intrinsicss component of the nucleon
A.u+Au cdlliéions) The dash,e('j\”\lline.in Fig. 7 shows a fit to Wave function in the nonperturbative regime provides a
the values forim,—mg) using the form of Eq(8) with T=a mechanism for¢ production inN+N interactions that by-
+bmc so thata and b are the free parameters of the fit. PASSES the effects of OZI suppression. Ifseeomponent of
MyC o o €Pp : -, the nucleon wave function were negatively polarized, the
Assuming that it is qualitatively valid to describe the midra-

I~ d . ._fact that, at threshold, the reactiq@p— must proceed
pidity m, spectra for the various species by exponentlakNi,[h the pp initially in the 35, spiﬂtatre)p\ﬁould in?ply that

mverse-slopg parametgrs, t.h's fi |IIusFrates the trend ®Xhis mechanism should be particularly important at near-
pected for a linear relationship between inverse sl@pend

il . d by hvdrod ; del threshold energiessee Ref[48] and references therein, es-
particle masgmy), as motivated by hy rodynamic modets. pecially Ref.[49]). Indeed, the DISTO collaboration has ob-
The value ofim,—my) for the ¢ falls slightly below the

i : served that irp+p collisions atys=2.90 GeV, only 83 MeV
systematic trend observed for the other particles, but less sgyve threshold, they/K™ ratio is about unity, such thap

than for A’s. There may be some suggestion of an effectproduction represents an important contribution to Kie
from early freeze-out of thep and late development of at yield at these energig48].
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FIG. 9. The normalized fiducial yield ap mesons per number

FIG. 8. The¢/w and ¢/K* ratios as a function ofN,). For the of binary collisions{N.y;) as a function of(N.,). The accepted
¢, the fiducial yields from E917 in the rapidity interval k¥3/<1.6 rapidity region is 1.2 y<1.6.
are used. Forr's, the data have been taken from RpEf6], and
represent fiducial yields in the rapidity interval ¥3<1.4. The
value used for ther yield is 1.125 times the yield fotr*, which is
essentially the average yield fa* and 7~ [52]. For K*'s, the data
have been taken from Rd®], and represent fiducial yields in the
rapidity interval 1.2<y<1.6.

of K* to characterize the overall kaon production because the
E866 data indicate that thik™/K* ratio is about 0.15 and
independent of centrality. In the right plot of Fig. 8, the ratio
of fiducial yields /K" is plotted as a function of centrality,
and shows no substantial variation. This implies that hth
andK™* (or K7) possess a similar degree of enhanced produc-

Along these lines, a possible mechanism has been prdion toward central collisions at AGS energies. As estimated
posed to explain overall strangeness productioN+A col-  from linear fits to theg/K" ratios as a function ofN,,), an
lisions within the framework of the additive quark model increase of up to 50% for the ratio in the most central bin
[50]. According to this proposal, strange particles are born asannot be definitively ruled out within aslrange of the fit
strange-quark pairs from binary collisions of the projectileerrors. However, any centrality dependence of i ratios
and target nucleons, with a probability proportional to theappears to be weak.
number of interacting constituent projectile quafkd]. In To look for scaling behavior similar to that observed in
p+Au collisions at 17.5 GeW, E910 has shown that the p+Au collisions by E910, we examine the dependence of the
production ofA’s andKd's increases with the estimated num- ¢ yields in our data on the mean number of binary collisions,
ber of binary collisions,, suffered by the incident proton (N.. (Estimation of(N.,) is discussed in Sec. Il; the val-
[19]. For v<3, the increase in the yields is faster than ex-ues of(N.) for each centrality bin are given in Tablg The
pected from scaling op+p data by the number of total fiducial ¢ yield normalized taN.) is plotted versugN.q)
participants [i.e., Np:a/Npip=3(1+2)], although bounded in Fig. 9. The dependence of the fiducialield on(Ngy) is
from above by linear scaling with (i.e., Np:a/Npip=v). consistent with scaling proportional {dl.y).

If the same mechanism were responsible for the observed \While the rapidity coverage of our measurement does not
increase in¢g production with centrality inA+A collisions,  allow us to make a precise statement about the absolute
we would expect to observe similar scaling behavior in ourvalue of theg yield, it is possible to make an informed guess
data. Specifically, we would expect approximately constantibout the width of thep rapidity distribution. Both E8594]
numbers of hadrons bearing strange quarks to be producethd NA49[5,53 have observed that the Gaussian width of
per binary collision. In the following, we therefore compare the ¢ rapidity distribution is very similar to those of th€"
the yield of ¢'s to the yields of pions and kaons as a functionandK™ rapidity distributions. In central Au+Au collisions at
of centrality. The yields of pions and kaons were obtained bythe AGS, the Gaussian widths of the rapidity distributions for
the E866 collaboration from Au+Au collisions at the sameK* andK™ are ~0.9 and~0.7, respectively9,25. The nar-
beam energy used for the present measureri$e#6|. row K~ width has been attributed to the higher threshold and

As seen from the left panel of Fig. 8, th&/ ratio of  more restricted phase space f§f production. Since the
fiducial yields shows a rise toward central collisions, whichthresholds fork™ and ¢ production inp+p collisions are
signals an enhancement in the productionpainesons rela-  very similar, we assume that thg and K~ have Gaussian
tive to that of nonstrange mesons in central collisions. This rapidity distributions with approximately equal widths in
enhancement is also clearly suggested by Fig. 6, since piagentral Au+Au collisions. We then estimate that our fiducial
production is known to mainly come from resonance decayield corresponds to about 20% of the total yield. Using the
and secondary rescattering and scales linearly Witf).  parametrization described in the Appendix for theield in
Due to the fact that the plotted points represent ratios op+p collisions as a function of center-of-mass energs,
fiducial yields, some care should be taken when interpretinghe yield of ¢'s per binary collision in Au+Au collisions is
the exact form of the dependence. We note that this increasgbout 50% of thep yield in p+p collisions at this energy.
in the ¢/ 7 ratio is qualitatively similar to the increase in the This observation seems contrary to the usual expectation of
K/ ratio with centrality observed by E866 in Au+Au col- enhanced strangeness production in Au+Au collisions. We
lisions at the AGJ46]. discuss this point further in Sec. IV C.

We next compare the degree of enhancement in the yields Using E866 data on the total yields kif andK™ normal-
of ¢’'s andK’s, which both contairs quarks. We use the yield ized to(N.,), a similar scaling proportional tiN.) is ob-
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FIG. 10. Ratios ofp/() in central heavy-ion ang+p interac- FIG. 11. Same as Fig. 10 for the ratios fK".

tions as a function of/syy (top panel and double ratios oA+A -
over p+p (bottom panel For the E917 and STAR points, fiducial +Au collisions at the AGSVsyy=5.39 GeV [4,8,25, Pb
yield ratios are plotted; for the other two points, total yield ratios + Ph collisions at the Spg\s“%: 17.27 GeV [5,53, and
are shown instead. The hatched area represents the ratio of tota;+ Ay collisions at RHIC( \;‘%: 130 GeV [7,14). These
yields in p+p collisions, based on the parametrization discussed irblots must be interpreted with some care. Most obviously,
the Appendix. The cross bars in the bottom panel indicate the COMhe collisional system is different in each case: in particular
tribution to the total errors from the uncertainty g(m) in central 0\ o o particle yields are not guaranteed ’to scale in th’e
heavy-ion interactions. . .
same way when passing from the Si+Au system to the

_ ) ~ heavier systems. In addition, the points for Au+Au collisions
served. It appears as if the mechanisms for the production ¢ft the AGS and RHIC represent fiducial-yield ratighe
K™s, K™s, and ¢'s all have a similar dependence on the AGS point is for the fiducial yield over 12y<1.6, and the
centrality of the collisions and this dependence is consistenrkHIC point is for the central unit of rapidiywhile the other
with a scaling with the number of binary collisiolSleo1).  two points are ratios of yields over all phase space. Nor have
This observation suggests that hard binary collisions mighfve applied any corrections in the comparisons withp
play an important role in strangeness production in heavycollisions to take into account the isospin averaging of yields
ion collisions. from p+p, n+n, andp+n collisions[9,25,54. Nevertheless,

Our observation thath and kaon production scale simi- two observations can be made.

larly and faster than linearly wittN,,;) therefore provides an Our first observation is that theé/ 7 ratios for A+A col-
essential test of the details contained within rescatteringisions are notably enhanced with respect to their values for
models. The rescattering model that suggests the importangerp collisions for all points except at the highest energy in

of contributions fromKY and KK collisions in the increase
of ¢ production in centraA+A collisions[24] can be ruled
out; if such contributions were dominant, combinatorial con-
siderations would lead to the expectation tlgaproduction 0.2
should increase faster than kaon production with centrality.
This is incompatible with our observation thétand kaon
production show similar scaling with centrality.

0.3

e

Au+AU(AGS)
Si+Au(AGS)
Pb+Pb(SPS) .
Au+Au(RHIC)

4‘.}.

0 L [ L L L

C. Dependence of/ m, ¢/K*, and /K" ratios on sy
in A+A and p+p reactions

Ix

3
In order to further explore the mechanism responsible for 3 15-
the approximate scaling of the¢ yield with (N.,) observed ¥
in our data, we compare our results with other measurements € 1r E *
of ¢ production in heavy-ion collisions at different reaction 05
energies. , L L

The excitation functions of thep/ =, ¢/K*, and ¢/K~ 01 10 102

ratios in central heavy-ion collisions are shown in Figs. Vs (GeV)
10-12. The four points correspond to Au+Au collisions at
the AGS (this measurement,'syy=4.87 GeVj [9,46], Si FIG. 12. Same as Fig. 10 for the ratios ofK".
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= [ @ AusAu(AGS) because there is no reasonable way to extrapolate the fiducial
£10 LA Si+Au(AGS) M yield to all of phase space. The ratio
h Lf M Po+Pb(SPS) \x\x\”‘x (/{Ngom)a+a! (d!{Neoi))p+pp is consistent with~0.5-0.7
10 N for all three points from the AGS and SPS. Our comparison
af K@x‘% is by no means precise. However, it does seem that the yield
10 £ 2\* of ¢’'s per binary collision, modulo the effects of threshold
af ; and center-of-mass energy dependence, is approximately
10 : el — constant across the three collisional systems studied. Further-
3 08l more, instead of there being an enhancement in¢thyegeld
£ per binary collision in heavy-ion collisions, this double ratio
g 06 is less than 1. This might reflect the effect@fbsorption in
= 04l the nuclear fireball, as the inelastic cross section ofgton
= nucleong~8-10 mb is a significant component of the total
s 02p interaction cross sectiof~8—12 mb [41,55.
0 s L s ....‘..\2
1 10 10
\]gNN (GeV) V. SUMMARY

) _ In conclusion, we have studiegl production in Au+Au

FIG. 13. Same as Fig. 10 for the ratios ¢f(Neoi), Where  collisions at 11.A GeV/c around midrapidity as a function
(Neoy) is the number of binary collisions. For the E917 data point, ot collision centrality. The yield per projectile participant
an estimated totap yield is plotted as described in the text. shows a steady rise toward central collisions. This enhanced
- production in central collisions is stronger than that of non-
Fig. 10. Inp+p collisions, ¢/ increases with/syy, in large  strangerr mesons as seen from the increasi#igr ratio with
part because of the larger production thresholdfenesons.  centrality. The ratiogs/K* and ¢/K™ are approximately con-

In heavy-ion collisions, the/  ratios are enhanced by fac- stant with(N,). The yield of ¢'s, like the yields ofk* and
tors of 2—3, at least up to SPS energies, bu.t seem to show trp@, is seen to scale WittN), the number of binary colli-
same energy dep_endence observegip coIhspns, at least sions, and this observation is incompatible with predictions
up to S.P.S energies. Suph an enhancement in the qentral flom some rescattering models @fproduction, in whichg

*A collisions could be interpreted as due to the differenty q, ction increases faster than kaon production with cen-
scaling behawor_s o a”?'”W"h centrahty. As d!scussed N trality due to combinatorial considerations. Finally the yield
Sec. IVB, the yield of¢'s scales with(No while that of ¢ i her hinary collision in A+A collisions is about
m's scales with(Nyp). The ratio of(Noy) to (Npp) is around 1 50_70 94 of theg yield in p+p collisions at AGS and SPS

in peripheral collisions, which are similar fo+p collisions, energies. That the yield ap's per binary collision in A+A
and becomes Iarger than 1 in central collisions. At RHIC, thQ:o”isions is smaller than that |p+p collisions m|ght Signa|
(bl’iT ratio for central Au+Au collisions is about the same aSthe effect of¢ absorption by nucleons in hea\/y_ion colli-
that from the parametrization of thetp data. It might be  gjons.
speculated that the primary production channels s
and/or7's at RHIC energies are different from those at AGS

and SPS energies.

The second observation is that tigdK ratios for A+A This work has been supported by the U.S. Department of
collisions are only marginally enhanced with respect to theilEnergy under contracts with ANKGrant No. W-31-109-
values forp+p collisions, and show relatively little variation ENG-38, BNL (Grant No. DE-AC02-98CH10886 MIT
as a function of energy as seen in Fig. 11 and 12. Our paGrant No. DE-AC02-76ER03069 UC Riverside (Grant
rametrization of thep+p cross section for production sug- No. DE-FG03-86ER40271 UIC (Grant No. DE-FG02-
gests that thep/K™ ratio increases assyy approaches the 94ER40865 and the University of MarylandGrant No.
threshold value from above for the reactipp— ppé$. The  DE-FG02-93ER40802 by the National Science Foundation
¢/K” ratios in heavy-ion data seem to follow the energyunder contract with the University of Rochest@rant No.
dependence observed i+ p collisions rather reasonably. PHY-9722606; and by the Ministry of Education and

It is interesting to see if the data points from other sys-KOSEF (Grant No. 951-0202-032)an Korea.
tems and energies obey the scaling with,) as well. The
ratio ¢p/(N.o) for central A+A collisions at the AGS and
SPS is plotted in Fig. 13. For the comparison, we are forced
to assume a value for the¢ rapidity width for our measure-
ment. A width ofoy,=0.71 equal to the measuréd width is The ¢ yield in p+p collisions provides a useful bench-
used, as explained in the previous section, and we plot ounark for the interpretation ofp yields in heavy-ion colli-
point with an additional 20% systematic uncertainty corre-sions. There are various existing measurements of the inclu-
sponding to a range of values fof, from 0.6 (overlap ofK* sive total cross section f@k production inp+p collisions for
and K~ rapidity distributions to 0.9 (K* rapidity distribu- 5<s<60 GeV [5,48,5 that can be extrapolated to the
tion). The RHIC point is not included in this comparison, values ofysyy for which heavy-ion data existNote that the
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point at Vs=2.90 GeV from Ref[48], while technically an

exclusive measurement in tipp— ppK*'K™ channel, is also

an inclusive measurement, since no other channels with a
or K™ in the final state are kinematically allowed at this en-
ergy) We have fit these measurements with a form used to
parameterize results on vector-meson production cross sec-
tions in p+p collisions obtained from one-pion exchange

calculations[57] and the Lund String Mod€58]:

a(pp— ¢X) =a(l -x)°x°
X= Sthres}'{s

(A1)

The results of our fit are shown in Fig. 14. We obtain
=7438 ub, b=2.059%2 and c=1.5633% For comparison
with heavy-ion data, we obtain yields by dividing tiecross
sections for each value ofsyy by the inelasticp+p cross
section. For Au+Au collisions at the AGS,/syy
=4.87 GeV, and our parametrization of the p data gives a
yield of 0.001 69+0.000 42 at this energy.

Sthresh= 8.38 GeVf
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FIG. 14. Parametrization of th¢ yield in p+p interactions. The
data points are from Reff5,48,54. The fit is discussed in the text.

For K and = production inp+p reactions, we use the
multiplicity parametrizations in Ref{59]. The smallestys
for the ranges of parametrization far, K* and K™ are 3.0,
2.98, and 5.03 GeV, respectively.
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