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Kaon production in Au +Au collisions at 11.A GeV/c
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A systematic study of the spectra and yieldd<df andK ~ is reported by experiment E866 as a function of
centrality in Aut+Au collisions at 11.8. GeV/c. The invariant transverse spectra for both kaon species are
well described by exponentials in;, with inverse slope parameters that are largest at midrapidity and which
increase with centrality. The inverse slopes of kit spectra are slightly larger than the inverse slopes of the
K~ spectra. The kaon rapidity density peaks at midrapidity withkttiedistribution wider in rapidity thaiK .

The integrated total yields dk* and K~ increase nonlinearly and steadily with the number of projectile
participants. The yield per participant for kaons is two to three times larger than the yieldNfitgroollisions.

This enhancement suggests that the majority of kaons in centraliureactions are produced in secondary
hadronic collisions. There is no evidence for an onset of additional kaon production from a possible small
volume of baryon-rich quark-gluon plasma. The differences betvi€krand K~ rapidity distributions and
transverse spectra are consistent with a lower phase spak€ fproduction due to a higher energy threshold.
These differences also exclude simple thermal models that assume emission from a common equilibrated
system[S0556-28138)01011-5
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I. INTRODUCTION tractive mean-field 12,13 or by decreasing thi ™ effective
mass with density11]. Experiments with kaonic atonig4]

The collision of two heavy ions at AGS energies is aconfirm the existence of an attracti®e™ nuclear potential
complex process that involves the multiple collisions of had-but do not provide detailed information on its strength. These
rons, transferring energy from the initial longitudinal motion same models predict that™ have a repulsive interaction
into both the production of particles and transverse motionWith baryons[12,13. In heavy-ion reactions, these models
The very dense system formed in these collisions may reve&uggest that the spectra &f" and K™ may be shifted in
information on the possible existence of the baryon-richoPposite direction§15,12, pushing theK™ to higher trans-
quark-gluon plasm&QGP [1] and/or the possible medium Verse momentum and pulling thé~ to lower values of
dependence of hadronic mas§2k The search for such new transverse momentum. The measukedandK ™ spectra as
physics requires a solid understanding of the reaction dy@ fur_lctlon of ce.ntrahty provide a test for the predicted in-
namics, the roles played by multiple collisions, excited resomedium properties of kaons. .
nances, and the balance between absorption and initial pro- The following section describes experiment E866 at the
duction of particles. This foundation is necessary becaus@GS and the methods used to analyze the data. Section Ili
any signatures of new physics will be sitting in the dominantcontains the experimental results, the invariant transverse
environment of hadronic rescattering. spectra oK™ andK ™ as a function of centrality, the rapidity

Such a foundation is provided by measuring the Spectrgensity_ and the inv_erse slope distributions as a function of
and yields of produced particles as a function of centrality ofcentrality, and the integrated yields of kaons per event. In
the reaction. As an example, the yield of kaons is enhancegec. IV the differences betwedt” and K™ emission are
in centralA+A reactions compared ta times the yield in  discussed. Th& ratios measured in AtAu are compared
nucleon-nucleon collision]. The enhancement is possibly 0 results from previous AGS measurements in Sec. V. The
explained4—6] by secondary collisions in the heavy-ion re- conclusions are presented in Sec. VI.
action, where each hadron can undergo several collisions,
and each_ collision has a cgrtain probability of producing a Il. EXPERIMENT AND DATA ANALYSIS
kaon. This mechanism is aided by many of the secondary
collisions being between one or two hadronic resonances The E866 experiment at the AGS measured+Aw re-
with the energy of the resonances available for kaon producactions at 11.8 GeV/c in the fall of 1994. The apparatus
tion. The role of these secondary collisions in particle pro{9,16] consists of event-characterizing global detectors and
duction can be probed by measuring how the spectra anilvo magnetic spectrometers as is shown in Fig. 1.
yield of kaons vary with centrality. The Au beam impinged on a Au foil 975 mg/éithick; a

This paper reports on the systematics of kaon productiothickness that provides approximately a 2% interaction prob-
in Au+Au collisions at 11.8. GeV/c. The Collaboration ability. The intensity of the Au beam was kept less than 1
has also reported on particle productionpirt A [7] and Si X 10° particles per spill, for a spill duration of 1 s.

+ A [8] reactions at AGS energies. This wide range of mea- A set of counters upstream of the target defined a “good”
surements provides a comprehensive data set of particle prbeam particle. The chard#) and time of arrival of the beam
duction at AGS energies. particle were measured with a quartz Cerenkov radiator.

From our previous studie$9], the measured proton Beam pile-up was rejected if two beam nuclei were within
dN/dy in Au+Au central collisions has a maximum at 0.5us and by a tight gate od=79*=3 on this counter. A
midrapidity, consistent with the formation of a dense,counter wih a 1 cmdiameter haé 1 m upstream of the target
baryon-rich system. Hadronic cascade models predict thagjected beam halo.
the inner region of the collision zone may reach greater than Downstream of the targetl0.6 m was a “bullseye”
five times normal nuclear densif$,6]. Approximately one- quartz Cerenkov radiatdrl7] viewed by eight photomulti-
third of the colliding matter is predicted to be in such a denseplier tubes. This provided an interaction trigger by rejecting
environment 6]. Experimentally it is a challenge to charac- events with a bullseye signal>74. A software cut was
terize dense hadronic matter and then to find any evidencapplied off-line that tightened the interaction trigger to reject
whether such matter has been converted to a baryon-rickvents withZ>68. The events selected by the interaction
quark-gluon plasma. trigger and software cut had a cross section of 5.1 b. This is

One method is to measure the systematics of kaon prdewer than the full interaction cross section of 6.8 b because
duction as a function of the centrality of a heavy-ion reac-the most peripheral reactions are not selected by the trigger.
tion. The kaon production rate from a QGP has been preTarget-out runs were used to determine the background con-
dicted to be larger than the hadronic production fdt@].  tribution to the interaction cross section and to the spectra in
The more central the collision, the larger the volume of verythe spectrometers. The target-out contribution to kaon spec-
dense matter. A small but increasing volume of QGP mightra was negligible.
be observable as an additional increase in kaon production The two spectrometers of E866 can independently rotate.
beyond the hadronic enhancement from multiple collisionsThe spectrometer Henry Higginglso used in E802 and
Separating these two effects will be experimentally difficult. E859 has a 25 msr solid angle, with 6~ 14°. By rotating

There are several predictiofl] that at densities from the spectrometer, the acceptance covers lab angles from
one to three times normal nuclear density, kaons mighi4°-58°. The Forward spectrometer commissioned for
change their properties. In these models are predicted to E866 ha a 6 msr solid angle, with 6~4 °, and by rotation
interact attractively with baryons. In nuclear matter, thesecovers lab angles of 6°-28°. The acceptances for kaons in
interactions can be implicitly accounted for by either an at-these devices are shown in Fig. 2. Data were collected with
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FIG. 1. The experimental layout of E866 in the Fall of 1994 showing the multiplicity dM&§A ), the zero-degree calorimet@CAL),
the interaction triggefBullseye, and the Henry Higgins spectrometer consisting of drift champetsT4), wire chamber§TRF1,2 and
TR1,2), a time-of-flight wall(TOF) and a gas-Cerenkov deteci@ASC). The forward spectrometer consists of a sweeping mague},
analyzing magnetM?2), drift chambers(FT1-4), two time projection chamberdPC1,2 and a time-of-flight wal(FTOP. A scintillator
array (PHOS for particle spectra at back-angles and a hodos¢bii2DO) of crossedXY slats complete the detector hardware of E866.

both polarity settings of the dipole magnets, equalizing theviched by drift chambers. The TPC data are used for the
acceptance for oppositely charged particles.

Both spectrometers have tracking systems before and afnent and the data from the drift chambers improve the mo-
ter a dipole magnet. The Henry Higgins spectrometer uses mentum resolution.

combination of drift and multiwire chambers to locate the

tracking pattern recognition in the high occupancy environ-

The experiment was primarily triggered by spectrometer-

tracks, whereas the Forward spectrometer uses tracking stgased triggers. For the Forward spectrometer, the trigger

tions consisting of a time-projection chamb@PPC) sand-
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used the FT2 and FT3 drift chambeFg. 1) located before
and after the momentum analyzing magnit). The trig-
ger was defined as FT2FT3, where these symbols repre-
sent any hits in one of the first two planes of FTRTJ)
chambers. For the Henry Higgins spectrometer the trigger
was a coincidence between any hit in a multiwire chamber
(TR1 in Fig. ) behind the magnet and any hit in the time-
of-flight (TOF) wall. The Henry Higgins spectrometer had
the additional feature of an online particle identification trig-
ger (LVL2) [18]. The trigger looped over combinations of
hits in the TOF wall and two multiwire chambef§R1 and
TR2) behind the magnet. A CAMAC-based series of lookup
tables was used to veto events that did not have a track
consistent with a kaon mass. Events were not vetoed if they
contained a high-momentum track*¥1.7 GeVk) where
the online particle identification may be ambiguous. The
LVL2 trigger enhanced the fraction of events with kaons on
tape. The inefficiency of this trigger was measured to be less
than 1 %.

Both spectrometers have a segmented TOF wall of verti-

y Y cal scintillator slats. Each slat is instrumented with photo-
FIG. 2. The acceptance for kaons in the Henry Higgins specmultlpller tubes at each end. The measured resolutions of the

trometer(left pane) and in the Forward spectrometeight pane).  Henry Higgins and Forward spectrometer TOF walls are
For the Henry Higgins the area of the boxes indicate the relative= 130 ps, ando=75 ps respectively. The momentum
acceptance of each bin, while for the Forward spectrometer théange for identified kaons is 6:3»<1.74 GeVt and 0.5
boxes represent the number of measured kaons over all the angtep<<3.0 GeVk for the Henry Higgins and Forward spec-
settings. trometer, respectively.
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FIG. 3. A scatter plot oM?2 versusp in a typical forward spec- Measured 1.
trometer run at the 14° spectrometer setting. The curves in the fig- ]
ures are PID boundaries setaR.50y from the nominal mass of energy of the beanEf =2123 GeV. Fragmented-beam
the particle. The additional lines are further cuts made to minimizeevents are those that react just upstream of the calorimeter.
contamination. This calibration was performed for each run to compensate

for the radiation-damage decrease in calorimeter light output.
The particle identification in the Forward spectrometerN€ decrease in light output over the entire 1994 running
was provided by 100 slats of time-of-fligtETOF) counters pe_rlod was 7%. The energy de'posned into the calorimeter
locatel 6 m from the target. Mass squarl{) of a particle (Fig. 5 is dom_mat_ed by _pr_OJectlle sp(_actato_r nucleons_. The
is calculated from its momentum time-of-flightt, and path ”””?ber of projectile participantsN,) is estimated by in-
lengthL asM2=p?[(ct/L)2—1]. Particle identification cuts V€'t"d the measured zero-degree enegych)
were applied inVI2 versusp space. Figure 3 shows a scatter
plot. of M? versusp in a typical run at 14° spectrometer Npp= 197><< 1— %) (1)
setting. Pions, kaons, an@ntiprotons are well separated. -
The curves in the figures are PID boundaries set 2502
from the nominal mass of the particle. In addition, the fol-  For peripheral collisions, the calorimeter has a slight non-
lowing cuts were made to suppress contamination from othdinear response, with a 4% reduction in output for beam
particles: M2<0.125 GeW/c* and p<4 GeVic for events that did not react compared to events that fragment
7=, M?>0.18 GeV¥/c* and p<3 GeV/c for K*, M?
>0.50 GeVf/c*andp<5 GeV/c for p. These cuts are also 180 140 100 60 P
indicated in the figure. The remaining pion and proton con-
tamination in kaon sample was estimated by a multi-
Gaussian fit to théV12 distribution in momentum slices and _
was subtracted from the data. 500 | central
For the Henry Higgins spectrometer, particle identifica- t

T T T T |
600 F

Counts

39-75%

. 4 400 F
tion cuts were made in B/ versus momentum space at a [
+ 30 level (Fig. 4), wherep is the velocity of particles as 300 L
determined by the TOF wall. The backgrounds to both the . 5-12%

K* andK~ samples were less than 2% within the momen- 200 0—5% 12-23%
tum range used (08p<1.74 GeVk). :
E866 has two detectors that measured the global charac 100
teristics of each event, a multiplicity arrafN\MA) and a : . | . | . ‘ |
Fe-scmtllla_tor sandwich type calorlmet(aZCAL) with an OO 500 1000 1500 2000 2500
1.5° opening angle around the beam axis. The multiplicity
array was not used in this analysis. The energy deposited intu

the calorimeter,ca.) for interaction events after target-out  FiG, 5. The measureH,,, distribution from interaction trig-
subtraction is shown in Fig. 5. The boundaries of the fivegers in Au+Au reactions at 118 GeVi/c. Target-out events have
centrality event classes used in the analysis, discussed lat@gen subtracted. The event classes listed in Table | are separated by
are also indicated in the figure. The calorimeter was califines. The number of projectile nucleoh,, obtained fromEzca;
brated to maintain the fragmented-beam peak at the kinetiis indicated at the top of the figure. See text for details.

ZCAL Energy (GeV)
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TABLE I. The five event classes used in this paper, listing theevaluated in a similar way, and were found to be very close
range ofE,ca Values, the cross section for the event class, thetg 100%.

percentage of the inelastic cross sectian,{6.8 b), and the Tracks are also lost because of hit blocking caused by the
mean-value of the estimated number of projectile participants fofinjte occupancy of chambers and TOF walls. For the Henry
that event class. Higgins spectrometer this loss of tracks was estimated by

) embedding hits from isolated, single tracks from peripheral
Event class Ezca range(GeV)  ogas{mb) % ofin (Npp)  collisions into other events. The combined event was reana-

1 0-315 0-350 0-5 177 lyzed to see if the embedded track was still reconstructed by
2 315-570 350-800 5-12 156 the tracking program. The resulting blocking-induced ineffi-

3 570-990 800-1566 12-23 124 ciency was parameterized as a function of the overall occu-
4 990-1470 1566-2621 23-39 82 pancy_qf the He_nry Higgins spgctrometer and as a function
5 ~1470 2621-5130 39-75 31 of position both in front and behind the magnet. For the most

central event class and tracks at forward angles, the blocking
inefficiency was 46 10%. This inefficiency reduces to 10

just upstream of the calorimeter. This leads to an uncertainty 5% at back angles. _
of up to eight in the value dfl,,,, or 25%, only for the most In the Forward spectrometer the loss of tracks due to hit-
peripheral event class. PP blocking was dominated by earlier hits in the TOF wall. This
Mesons entering the acceptance of the calorimeter alsBrobability was determined from the data for each centrality
contribute to the measureB,.,, [19]. By passing events _cIas; and angle setting as a function of the position and tim-
from a cascade mod@l] through a simulation of the calo- Ing in the TOF wall. The efficiency ranged from 70-100 %.
rimeter, the meson energy contribution is estimated to be thi addition, the hit-blocking effects in the tracking stations
equivalent of three projectile nucleons for the most centravere studied by embedding Monte Carlo tracks in the real
event class. It is proportionally smaller for less central binsdata. The inefficiency was determined as a function of track
The mesonic contribution was not subtracted fr&mg,, . multiplicity and was less than 10% in the most central event
N,, should therefore be considered an experimental obsenglass. The PID efficiency is the probability that a track fall in
able[defined by the measurdbc, , Eq.(1)] and provides the PID window for each spectrometer, and is determined

an estimate of the geometrical number of projectile particifrom the shape of the PID windo¢¥igs. 3 and # _
pants. The survival fraction is the probability that a particle

By triggering the experiment on tracks in the spectrom-reaChes the TOF wall before it decays. The expected value is

eter, the data can be sorted off-line into different centrality®P(~Lnvcp) for an ideal detector, but can be closer to
classes. Normalization is provided by prescaled interactioNity Since some particles that decay in flight can still be
and beam triggers. For each class, the cutEgg, , the accepted by the reconstruction program. The survival frac-
corresponding mean value bf,,, the measured cross sec- tion was studied for each spectrometer by a Monte Carlo
tion (after target-out correctionand the percentage of the simulation and was found to be very close to the expected
total inelastic cross sectionr(,=6.8 b), are listed in Table Value expt-Lm/crp) for kaons. The data were corrected on a

|. The most central event class is the same as was used in tH&Cck-by-track basis for each inefficiency; single-track recon-
measured E866 pion and proton spe¢&h struction, chamber inefficiency, loss of tracks due to hit

The two spectrometers have different tracking efficiencied!0cking, PID inefficiency and particle decay.

and acceptances. The single-track reconstruction efficiency 1€ Systematic uncertainty on the normalization of the
as a function of momentum for each spectrometer was detef’€asured invariant spectra and rapidity distributions is domi-
mined by a Monte Carlo simulation. Events with one particlenated by uncertainty of the single-track efficiency and loss of
(pion, kaon, or protonwere first processed throughGEANT tracks due to hit blocking. The tracking uncertainty increases
[20] model of each E866 spectrometer with hadronic interfrom 5—10 % the closer to midrapidity and the more central
actions, decays, and multiple scattering processes includetile event class. For peripheral collisions, there is a 10% un-
The sampled momentum and angular distributions were flagertainty in the cross-section of the event class. This reduces
After the Monte Carlo simulation. the events were processe&o 5% for central collisions. There are small contributions to
through the same reconstruction and particle identificatio® Uncertainty from the acceptance of the spectrometer and

code as real data. This provides the efficiency of the tracking@'ticle identification losses. This leads to a total systematic
algorithm for fully efficient hardware as a function of the Uncertainty in the normalization of 15% independent of cen-

momentum of the particle, and its values were 90—95 % fofrality- _ _ _
each spectrometer. The systematic uncertainty on the inverse slope param-

The Forward spectrometer reconstruction program re€ters is estimated to be 5% and is dominated by uncertainty

quires that a track has at least three hit rows for each of twd) the tracking efficiency and acceptance. A cross check on
TPCs(six rows each The detector efficiencypd(X,y) is the data is t_hat the spectra from egc;h spectrometer, with dif-
the probability that the TPCs satisfy this requirement. Theerent tracking algorithms and efficiencies, agree very well
efficiency maps of each row of the TPCs were determinedSe€ Sec. Il

from the fraction of missing hits in reconstructed tracks in

the real data. Those efficiency maps were then used to cal- ll. SPECTRA AND YIELDS

culate erp(X,y) as function of track position. The value of

etpc Was 93-100 %. The efficiencies of the drift chambers In Figs. 6—15 the invariant cross-sections, divided by the
for both the Forward spectrometer and Henry Higgins wergeaction cross-section for the event class, are plotted for ka-
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FIG. 6. The invariant yield oK* as a function of transverse FIG. 8. Same as Fig. 6, but for the 12—23 % central reactions.

mass for different slices in rapidity for the most central 5% of
Au+Au reactions at 118 GeV/c. The data from the Henry Hig- were fitted with an exponential im,. A X2 statistic with

gins spectrometer are shown as filled circles, while the kaons fron?espect to this fit was calculated for the Henry Higgins data
the Forward spectrometer are shown as open circles with a dot. Th[

fat are within the acceptance of the Forward spectrometer.

most backward rapidity is the correct scale, successive spectra ha - -
been divided by 10 for clarity. The errors are statistical only. The\gver all the event classes and the two rapidity slices (1.0

systematic errors are described in Sec. Il. <y<1._2 and 1.2y<1.4) the average(zlpoin_t was 12
Reversing the roles of the spectrometers, i.e., fitting the
ons as a function of transverse mass and rapidity. Transvergéenry Higgins spectra and calculating theof the Forward
mass ian;= JBEng, wherep; is the transverse momentum sp7ec_trrk(])mleter d?ta pow;t/s, progjtéged anhavehna@pomt of
andmy is the rest mass of the particle. These spectra are th]e' - te :)W_t\;]a ueshoj(t h point indicate that the spectra are
differential yield of kaons per event. cor|15|?hen Wi Satc to fetL. ist £ 1h tra. th
For clarity, the spectra are divided by a factor of ten for | rt] e seco? tgs g ¢ e CO';';'S |_e|ncy OH' e spgctra, de
each rapidity slice. Kaons in the Henry Higgins spectromete{ﬁ aFlve no;ma 'Z"’: lon te v;e(ten € I?nryd tlgglns _?h"?l an
are indicated by filled circles, while kaons in the Forward € rorward spectrometer data was aflowed lovary. 1his was
spectrometer are denoted by open circles with a dot. Tha" additional parameter in the exponential fit of e?Ch Spec-
acceptances of the spectrometers complement each other, UM that. has data TrO”.‘ both spectrometers. The fits with a
To test whether the data from the two spectrometers ar ee relative normallzatlon rgdu_ced thé by an average Of. )
consistent with each other the following two procedures .5. For the relative normalization to be statistically signifi-
were used. First the spectra from the Forward spectrometéﬁ‘nt this decrease would need to be considerably larger than
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FIG. 7. Same as Fig. 6, but for the 5-12 % central reactions. FIG. 9. Same as Fig. 6, but for the 23—39 % central reactions.



Y
by
@]
)]
™

& K*¥ 39-75%
2 ® HH
g/ ® FS
=
S 0.6<Y<0.8
=l
~
€ 0.8<Y< 1
hel
= 1<Y<1.2
&
> 1.2<Y< 1.4
1.4<Y<1.6
i 1.6<Y<1.8
10'8 T R S B L b A 2
0 0.2 0.4 0.6 0.8 1 1.2

M—M, (GeV/c?)

KAON PRODUCTION IN Aut+Au

FIG. 10. Same as Fig. 6, but for the 39—75% central reactions.

1/(27My) d®N/dYdM; ((GeV/c?)™2)

COLLISIONS AT ...

3529

K" 5-12%
® HH

O FS
0.6<Y<0.8
0.8<Y<1
1<¥<1.2
1.2<v<1.4
1.4<y<1.6

1.6<Y<1.8

1.8<v<3 .

0 0.2 0.4 0.6 0.8

1 1.2
M—M, (GeV/c?)

FIG. 12. Same as Fig. 11, but for the 5-12 % central reactions.

one. The mean of the relative normalization from the thirtyln the fits the data points are weighted by their statistical
spectra is 1.00 with a rms of 0.14. The observation that therrors only. The relative normalization of the spectra from
mean normalization is near unity and that the decreagé in the two spectrometers was fixed at unity. The exponential fits
is small, confirms that the data from the two spectrometerseproduce the spectra well and provide the inverse slope pa-

are consistent with each other.

rameter T and the rapidity densityN/dy in that rapidity

The spectra in Figs. 6—15 were fit with the following slice. These fits combine information from both spectrom-
exponential inm, using both the Forward spectrometer andeters. The values for these parameters for 6thand K~

the Henry Higgins data:

centrality.
As one check on the systematics on obtaining the rapidity

1 d?N dN/dy

are tabulated in Tables Il and Il as a function of rapidity and

= e~ (M—mo)/T (2)  density, a Boltzmann form was also fitted to tie spectra:
2amy dmdy  27(Tmy+T?)
1 d°N dN/d
o 10 ¢ K~ 0-5% = Y me~ (M~ Mo/ Te,
=~ ° 2rmedmdy  27(Tgma+2myT3+2T3)
o I ® HH
> 3 )
K j © FS
= where Tg and dN/dy were free parameters. The extracted
§ : 0.6<Y<0.8 dN/dy values were systematically 3% lower than the/dy
£ E 0.8<Y<1 o~ T7=73%
z 1<Y<1.2 L ® HH
S 3 K O FS
> 1.2<Y<1.4 =
: =
3 1.4<Y<1.6 s 0.6<Y<0.8
<
?\N\s\»\m\ 1.6<Y<1.8 £ 0.8<¥<1
| | | , T | 1.8<Y<2 I 1<v<1.2
'IO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 g/
0 02 04 06 08 1 12 = 1.0<Y<1 4
My—M, (GeV/c?)
1.4<Y<1.6
FIG. 11. The invariant yield oK™ as a function of transverse
mass for different slices in rapidity for the most central 5% of I 1.6<Y<1.8
Au+Au reactions at 1148 GeV/c. The data from the Henry Hig- F
gins spectrometer are shown as filled circles, while the kaons from 1580 v v v v 10y vy, (TBSYSS
the Forward spectrometer are shown as open circles with a dot. Thi 0 0.2 0.4 0.6 0.8 1 1.2

most backward rapidity is the correct scale, successive spectra hav
been divided by 10 for clarity. The errors are statistical only. The
systematic errors are described in Sec. Il

M—M, (GeV/c?)

FIG. 13. Same as Fig. 11, but for the 12—23 % central reactions.
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TABLE II. The dN/dy and inverse slope distributions fét*

& K™ 23-397% . . h o
N ® HH for each centrality class defined in Table I. The errors are statistical
> only.
& © FS
\;f y K*dN/dy KT (GeV) ¥ Npe
T 0.6<Y<0.8 Event class 1
©
2 0.8<Y<1 0.7 6.89:0.29 0.161-0.004 23.8/14
< 0.9 7.94£0.24 0.1750.004 3.4/13
E 1<¥<1.2 1.1 9.16-0.23 0.201-0.008 3.6/9
“_< 12¢v<t A 1.3 10.470.28 0.199-0.009 6.9/12
1.5 11.79-0.37 0.2070.007 55/ 9
1.4<Y<1.6 1.7 11.34:0.33 0.20%0.008 7.71'7
1.9 10.56-0.39 0.21%0.014 4.2/ 4
1.6<Y<1.8 Event class 2
- L _1.8<y<2 0.7 5.19-0.18 0.1710.004 15.1/14
0 0.2 0.4 0.6 0.8 1 1.2 0.9 6.39-0.18 0.176:0.004 4.1/13
MM, (Cev/eh) L1 7.53-0.18 0.196-0.007 9.5/10
1.3 8.0740.22 0.20%0.010 4.8/12
FIG. 14. Same as Fig. 11, but for the 23—39 % central reactions] 5 8.49+ 0.40 0.196-0.010 18.6/ 9
from exponential fits. The? for the Boltzmann and expo- L7 8.17-0.29 0.2180.010 8.1/6
nential fits were similar. Exponential fits will be used 1.9 7.34-0.40 0.216-0.019 9.1/4
throughout this paper. Event class 3
The errors on the parametefsanddN/dy from the ex- 7 3.63-0.12 0.162-0.004 16.7/14
ponential fits were obtained with the standard method frony o 4.28-0.12 0.17G-0.004 10.5/13
the variation of y?> around the minimum. For fits with _ 4.98-0.13 0.184-0.007 12.0/10
X2/Npe>1, these errors are likely to be underestimated. Fol4 5 5.68-0.14 0.195-0.007 13.6/14
lowing the recommendation of the Particle Data Grp2i], 15 5 60+ 0.24 0.196-0.008 17.0/ 9
the errors on the fitted parameterdN/dy and T) are in- 17 5 85-0.18 0.216-0.009 76/ 6
20 L . . : . . .
creased by a sca}le factor o3 Npp) 2 with a minimum 19 531031 0.21% 0.020 13.3/ 4
scale factor of unity. Event class 4
Figure 16 shows thdN/dy distributions forK * andK . v
The different centrality groups are indicated by differentg.7 2.09+0.07 0.159-0.004 11.4/14
symbols, with kaons from the most central collisions havingo.g 2.53-0.08 0.165-0.004 8.5/13
the largestdN/dy. The open symbols in Fig. 16 are the data .1 2.88+0.09 0.177-0.008 14.6/10
points reflected about midrapidity. ThEN/dy distributions 1 3 3.17-0.09 0.1850.008 16.1/13
are approximately Gaussian in shape. The distributions fof 5 3.12+0.12 0.182-0.006 10.8/ 9
K~ are narrower than those f&r* (discussed in more detail 1 7 3.16-0.10 0.18@-0.007 6.9/ 6
in Sec. IV). 1.9 2.83-0.17 0.199-0.020 11.9/ 4
0 Event class 5
§ E K™ 39-75%
N ® HH 0.7 0.58:0.02 0.1480.004 13.9/14
% o Fs 0.9 0.69-0.03 0.149-0.005 15.5/13
g 1.1 0.78£0.03 0.165-0.008 17.0/10
< 1.3 0.810.03 0.196:0.010 7.2/112
2 0.6<v<0.8 15 0.64-0.03 0.175:0.009 6.2/ 9
N} 0.8<Y< 1 1.7 0.63:0.03 0.17¢0.010 9.3/ 6
,’% 1.9 0.57#0.03 0.158-0.011 1.3/ 4
= 1<Y<1.2
o
= 1.2<y<1.4 Systematically the forward-rapidityN/dy data points are
1 4<Y<16 _5—10_% Iower than their symmetri_c partners at back rapidity
implying this level of consistency in the measurements. For
1.6<Y<1.8 the most peripheral event class, the forward rapidity
dN/dy K" data points are 20% lower than their symmetric
] B N B R ENLE 5 s 2 back-rapidity partners. Small gain drifts in the calorimeter
0 0.2 0.4 0.6 0.8 1 1.2 may have changed the selection of peripheral events. The

symmetry ofdN/dy distributions is unaffected by the choice
of the fitting function[Egs. (2) or (3)] used to fit themy
FIG. 15. Same as Fig. 11, but for the 39—75 % central reactionsspectra.

M;—M, (GeV/c?)
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TABLE lll. The dN/dy and inverse slope distributions f&r— those of theK™ by about 10 to 20 Me\Mdiscussed in more
for each centrality class defined in Table I. The errors are statisticajietail in Sec. IV.

only. These inverse slopes from central AAu reactions are
similar to the values measured in central-3i collisions for

y K= dN/dy K'T (Gev) X*INor kaons at midrapidity T~200 MeV) [8]. The inverse slopes
Event class 1 from Au+Au peripheral reactions can be comparedpto

0.7 1.12+0.05 0.14% 0.004 5.8/14 +p reactions at 12 GeV, where the data of Rossit al.

0.9 1.360.05 0.17G-0.005 10.1/13 [22,23 correspond to inverse slope parameters of an expo-

11 1.74-0.05 0.176-0.006 9.1/11 nentialm, spectrum ofT=143, T=132 MeV forK* and

13 218-0.06 0.2040.007 12.6/16 K™, respgctively. These inverse s_Iopes are slightly.smaller

15 2 24 0.05 0.198 0.004 31/ 9 than the inverse slopes from peripheral A4u react!ons

17 2 17-0.07 0.202- 0.008 14.8/ 7 (Tk+~160 MeV+andTK-_~ 150 MeV). Inp+p reactions

L9 2 15+ 0.06 0.21%0.009 29/ 4 ':(hﬁ spectra folK™ are slightly harder than the spectra for
Event class 2 The dN/dy distributions from Au-Au (Fig. 16 were fit

0.7 0.87-0.04 0.149 0.005 10.0/14 with Gaussians. Each fit was constrained to be centered at

0.9 1.14+0.04 0.159 0.004 11.1/13 midrapidity (y=1.6) and all data points in thétN/dy distri-

1.1 1.36-0.04 0.1690.006 11.7/11 bution were included in the fit. The extracted widths of the

13 1.65-0.04 0.186-0.006 8.4/16 K™ distributionsoy - range from 0.72 to 0.76 units of rapid-

15 1.79+0.05 0.194- 0.005 13.5/ 9 |ty These widths are smaller than the widths from thé

1.7 1.71-0.05 0.197 0.007 123/ 7 distributions o+ which range from 0.86 to 0.99 units of

1.9 1.56:0.04 0.190.007 1.3/ 4 rapidity.

The second parameter in the fit was the total yield of

Event class 3 ) A
kaons per event. The extrapolation out to back rapidities in-

0.7 0.59+0.02 0.154-0.004 7.5/14 troduces an additional 5% systematic error to the total yields.
0.9 0.75-0.02 0.16(-0.004 9.7/13 Excluding the most forward rapidity point from the fit
1.1 0.94+0.02 0.16& 0.005 4.5/11 changed the total yield by less than 2%. To complement the
1.3 1.16+0.03 0.185- 0.006 19.1/16 total yield, the fiducial yield of kaons is also calculated, de-
1.5 1.20-0.03 0.182-0.004 11.5/ 9 fined to be
1.7 1.19-0.02 0.1870.004 3.8/ 7
1.9 1.16£0.03 0.1990.009 6.7/ 4 dN

Event class 4 fiducial yield= >, aydy 06<y<20 (4
0.7 0.34-0.02 0.13%0.004 12.5/14
0.9 0.43-0.02 0.158-0.006 16.9/13 which is the sum of thalN/dy distribution in the region
1.1 0.53-0.02 0.146-0.006 18.8/11 where the spectrometers have acceptance. The total yield, the
1.3 0.65+0.02 0.164-0.005 7.5/15 sigma of the Gaussian and the fiducial yields are tabulated in
15 0.67-0.02 0.17%0.005 16.7/ 9 Table IV for each event class.
1.7 0.65+0.01 0.1870.005 25/ 7 For the most peripheral event class, the 20% asymmetry
1.9 0.62+0.02 0.176-0.007 4.4/ 4 in the dN/dy distribution makes it difficult to extract a total

Event class 5 yield. The total yield of bottK™ and K™ in the peripheral

event class has been estimated in two wadgs:using only

0.7 0.09-0.01 0.146-0.005 9.7/14 the back rapiditydN/dy data in the Gaussian fit an@)
0.9 0.12:£0.01 0.14@-0.005 10.4/13 keeping the width of the Gaussian fixed at the value from the
11 0.13:0.01 0.145-0.006 15.0/11 event class number fouiable IV). The yields from these
13 0.19-0.01 0.1570.007 18.7/14 two technigues were similar and were averaged. The differ-
15 0.170.01 0.15@-0.005 10.9/ 9 ence between the techniques was used to estimate the uncer-
1.7 0.170.01 0.155-0.005 7717 tainty of the peripheral kaon yields listed in Table IV.
1.9 0.16+0.01 0.156-0.006 4.4/ 4 TheK* andK ™ total yields are shown versus the number

of projectile participantdN,, in Fig. 19. The yield for both
kaon species increases nonlinearly with,. The total yield

The inverse slope parametéfiom the exponential fits to  for K* andK ™ in central Aut+Au collisions is 24.2-0.9 and
the m; spectra for bothK™ andK ™~ are largest near midra- 4.14+0.09, respectively. The yield per projectile participant
pidity. This is shown in Fig. 17 foK™ andK~ from central is highest in the most central collisions. This is emphasized
collisions and tabulated for all centralities in Tables Il andin Fig. 20 where the kaon yield per projectile participant is
[l plotted versus the number of projectile participants.

The inverse slopes increase with centrality, especially The hatched boxes in Fig. 20 are the kaon yields expected
near midrapidity wherd& .+ increases from 170 to 210 MeV. from N+ N collisions at the same beam energy, where yield
In Fig. 18 three representative rapidity slices from Tables llis defined to be the production cross section divided by the
and Il are plotted versus the number of projectile partici-inelastic cross section. The yields frddt N collisions are
pantsN,,. The K* inverse slopes tend to be larger thanthe isospin-weighted average of yields frgm-p, n+p,
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FIG. 16. ThedN/dy distributions of kaons for different centrality classésted in Table } of Au+Au reactions at 118 GeV/c. The
distributions are from fits to invariant cross sections including data from both E866 spectrometes” Shectra are in the left panel and
the K™ spectra are in the right panel. The circles are from the 0—5 % centrality class, the squares from the 5-12 % centrality class, the
triangles from the 12—23 % centrality class, the inverted triangles from the 23-39 % centrality class, and the stars from the 39-75 %
centrality class. The open symbols are the data points reflected around midrapidity. The errors are statistical only. The systematic errors are
described in Sec. Il.

and n+n collisions. For details on the calculation of these some assumptions on the expected normal increase of kaon
yields and cross sections see the Appendix. production and on the centrality class where the change may
The measure® ™ yield of 0.137 per projectile participant occur. The yield of kaons versus,,, from the four more
in central AutAu is 3.7£0.5 times the yield in th&N+N  peripheral event classes has been fitted with two functional
collisions, i.e., kaon production is enhanced. The enhancegorms, a power lawtwo free parameteysor a quadratic in
ment fork ™ production is slightly less, with the central Au N (three free parametersThese fits included the point-to-
+Au yield of 0.023 per projectile participant being 2.5 point 5% systematic uncertainty of the yields. The fit is ex-
+0.4 times the yield fronN+N collisions. These enhance- trapolated to the most central event cléBig. 21), where the
ments suggest that the majority of kaons in central reactiongeasured central kaon yield is consistent with the extrapola-
come frorr+1 secondary collisions. o . tion. Taking into account the variation from the different
BothK™ andK™ yields increase with centrality in a simi- nctional forms and the uncertainty of the extrapolation, an
lar manner. The increase in kaon yields with centrality is, oo jimit is set for additional kaon production in the most

very ste_ady. There is no |nd|pat|(_)n_ of an onset_, or .SUdde%entraI events. At the 90% C.L. any additional kaon produc-
change in kaon production. It is difficult to quantify this. To ion is less than K-+ per event and OK0- per event
set an upper limit on a change in kaon production require% P P '

N(_) NU

~ ~

> K* > K
£.0.225+ % { L0225

— -

0.2:— HHH 0.2:— ii

0.175 F t ¢ 0.175 ++ ++
¢ ¢
0.15 0.15F
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0.1265 Lev | IR BT 0.125 L v [T A T
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FIG. 17. The inverse slope parameters of kaons versus rapidity for the most central 5% AtiAeactions at 1148 GeV/c. The slope
parameters are from fits to invariant cross sections including data from both E866 spectrometirs.iherse slopes are in the left panel
and theK ™ inverse slopes are in the right panel. The open symbols are the data points reflected around midrapidity. The errors are statistical
only. The systematic errors are described in Sec. Il.
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0.15 - A A 0O 50 100 150 200 0 50 100 150 200
L F Npp Npp
— 0.25 v v by b P b b by
& K 1.6<y<1.8 K 1.6<y<1.8 FIG. 19. The total yields of kaons versus the experimental esti-
> o I mate of the number of projectile participamg, in Au+Au reac-
;3/ 0.2 = 5 o U o tions at 11.8. GeV/c. Each total yield is from a Gaussian fit to the
— - ¢ = - kaondN/dy distribution. TheK* yields are in the left panel and the
0.15 - L O K™ yields are in the right panel. For the peripheral bin the error bar
| | includes the systematic uncertainty estimated from the difference in
T T T kaon yield using two techniquésee text For the other centralities

the errors are statistical only.
0 50 100 150 O 50 100 150

N N

PP

»  (K*{s=255 GeV and K \/s=2.86 GeV). K~ are
FIG. 18. The inverse slope parameters of kaons versus the exalrongly absorbed in nuclear matter, with the s-quark ex-
perimental estimate of the number of projectile participafjsfor ~ change reactiok™ +N=A+# having a cross section of
different slices of rapidity in At-Au reactions at 1148 GeV/c.  approximately 20 mb fopy<1 GeV/c. The inelastic cross
The slope parameters are from fits to invariant cross sections irsection in K™+ N scattering is less than 4 mb fqug
cluding data from both E866 spectrometers. Rieinverse slopes <1 GeV/c. There is evidence from kaonic atorffsd] that
are in the left panel and the™ inverse slopes are in the right panel. the K~ nuclear potential is attractive. Insight into these three
The errors are statistical only. The systematic errors are describedifferences(production, absorption, in-medium properies
in Sec. Il. can be gained by comparing~ andK™* yields and spectra.
The ratio of theK™ andK™ total yields as a function of
IV. COMPARISON OF K~ AND K* EMISSION N, is plotted in Fig. 22. This ratio is independent of the
The physics oK * andK~ production are very different. measured range of centralit_y. \_Nhatever mechanism drives
They have different energy thresholds of productionth€ enhancement of kaons, it §|m|IarIy affects bith and .
Note that the most peripheral event class contains
TABLE IV. The total yield, Gaussiamr, the y%/Np from the ~ €vents occurring in the range 39-75 % of the inelastic cross

Gaussian fits of thelN/dy distributions, and fiducial yields fdt*

andK ™ for each centrality class defined in Table I. For the periph- i“* o16r | o éo i
eral bin the error includes the systematic uncertainty estimated fronS o 14 T 025 p =K .
the difference in kaon yield using two technigusse text For the > ¥ ¢ > i ¥
- ot 012 0.02
other centralities the errors are statistical only. 7 . .
0.1 ¢ r
Event Total yieldK™ oK™  x?/Npe Fiducial yieldK* 008l 005t *
class i + L
0.06 | 0.01 E
1 24.2+0.9 0.86:0.03 6.6/5 13.60.2 0.04 g A
2 19.7+0.6 0.93:0.04 5.6/5 10.20.2 o.02k 0.005 -
3 13.3+0.4 0.9%0.03 3.1/5 7.+0.1 T
4 8.0£0.3 0.99:0.04  4.6/5 3.950.06 ° é"“s‘o"'%éél‘is‘éuéoo ° (Iallllsloul%éc')‘litlaomz‘oo
5 2.0+0.3 0.94+0.02 N, N,
Event Total yieldK™ oK™ X%/Npe  Fiducial yieldK ~ FIG. 20. The total yields of kaons per projectile participant ver-
Class sus the number of projectile participas, in Au+Au reactions at
11.6A GeV/c. Each total yield is from a Gaussian fit to the kaon
1 4.14-0.09  0.72-0.02  9.7/5 2.520.03 dN/dy distribution. TheK* yields are in the left panel and the
2 3.29-0.08  0.75-0.02 6.0/5 2.020.02 yields are in the right panel. For the peripheral bin the error bar
3 2.23:0.04 0.730.02 5.0/5 1.3%0.01 includes the systematic uncertainty estimated from the difference in
4 1.28+0.03 0.76:0.02 6.7/5 0.780.01 kaon yield using two techniquésee text. For the other centralities
5 0.34+0.02 0.206-0.003 the errors are statistical only. The box on the left is an estimate of

the kaon yield from the initiaN+ N collisions.
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_ FIG. 21. The total yields of kaons versus the number of projec- i 23, Thek /K™ ratio of the rapidity distributions for the
tile participantsN,, in Au+Au reactions at 118 GeVic. The ot four centrality classegTable ) in Au+Au reactions at
error bars include the 5% point-to-point systematic uncertainty. Thg 1 gn Gev/c. The open symbols are the data points reflected

solid line is a quadratic fit to the yields in the first four centrality 5.4 ,,nqg midrapidity. The errors are statistical only. The systematic

classes, and the dashed line indicates the extrapolation to the MAStors are described in Sec. II. The bottom panel igthéK * ratio
central data point. The box indicatestas uncertainty in the ex- from p+p collisions adapted from Fesefelet al. [28].
trapolation.

pidity, possibly due to the smaller phase space available to
K™ which reducekK ™ production away from midrapidity.

In Sec. Ill it was discussed that many of the kaons pro-
duced in Aut-Au collisions come from secondary collisions.
Given the similarity of theo+ p and Au+Au K~ /K™ rapid-
ity distributions, these secondary collisions seem to retain the
wider rapidity width ofK* production.

In Fig. 24 the difference in inverse slopes,

section. The hatched box on the left indicates kKie/K™*
ratio from the isospin-weightetl-N collisions at the same
energy. The ratio fronN-N collisions is higher than the ratio
in the most peripheral AtAu event class.

The top four panels of Fig. 23 show the ratio @f/dy
distributions forK /K™ for different centrality classes in
Au+Au collisions. This ratio reaches a maximum near

midrapidity. Equivalently the&K ~dN/dy distribution is nar- AT=Ty: Ty, is plotted versus rapidity for each centrality

o
rower than theK™ distribution(see also Table 1l class. In noncentral reactions te inverse slope parameter

TheK ™ /K™ ratio has a very similar dependence on rapid-._ . g
ity for all centralities. For reference, the bottom panel is the> slightly smaller than thé " inverse slope by 10-20 MeV,

K~/K* ratio from p+p reactions at 12 Ge/ adapted comparable to the difference gt p reactions. However, for

) ; o z N o

from Fesefeldtet al. [28] (this has not been isospin aver- (l;er!tral reacUons_nglar rrxdrﬁpldlty, tl%\_ _anthmt ﬂ'Stg.ﬁ

aged. Thep+p K—/K* ratio also has a maximum at midra- ution are very similar. At these rapidities, either the differ-
' ence in energy threshold f&¢~ andK™ production has little

effect on the finalm, distribution, or scattering after kaon
production removes any difference betwekn and K™*
spectra. This rescattering would be strongest where the pion
and protondN/dy is largest, i.e., at midrapidity and for cen-
tral collisions.

Although for the most central collisions and in the most
central slice of rapidity the kaon spectra do become similar,
the overall difference between the" andK~ rapidity den-
sities and the transverse spectra rule out global-equilibrium
+ thermal modelg§24-27. These models assume the thermal

parameters are uniform across the emitting system and that
all particles are in kinetic equilibrium. For a system at kinetic
equilibrium, there is sufficient scattering so that the spectra
of equal mass particles are identical in shape, even if the
system is expanding. A model that assumes global equilib-
rium is ruled out by the measured data. It may, however, be
possible to reconcile these data with a modified thermal
model.

FIG. 22. TheK /K™ ratio of total yields versus the experimen- Note th"’_‘t absor+pt|on O'E does not seem to drlve_the
tal estimate of the number of projectile participahts, in Au+Au  difference in theK™ andK ™ spectral shapes. Low, K
reactions at 114 GeV/c. For the peripheral bin the error bar in- Should be preferentially absorbed, thereby causing a larger
cludes the systematic uncertainty estimated from the difference ifverse slope foK ~ compared t&K . This is not observed.
kaon yield using two techniquésee text For the other centralities Several predictions suggest that in-medium effects could
the errors are statistical only. The box is an estimate of the ratidilt the spectra, reducing th€™ inverse slope and increasing
from initial N+ N collisions. the K™ inverse slopg15]. Because the amount of matter at
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FIG. 24. The difference in inverse slope paramédigr — T, - versusy for the first four centrality classg¥able ) in Au+Au reactions
at 11.8A GeV/c. The errors are statistical only. The systematic errors are described in Sec. Il.

high density increases with centrality, this could drive theK™/#™" ratio is plotted for each beam and target combina-
difference in inverse slopes to be largest for the most centralon. The ratio steadily increases with system size. Note that
reactions and at midrapidity. Although the" temperature is the Au beam energy (1186 GeV/c) is lower than the Si
significantly higher thanK™ in midcentral reactiondas beam energy (144 GeV/c). Over this energy range the
found inp+p), the difference disappears at high centrality K*/#* ratio decreases by 14% in+ p reactions. Such a
and at midrapidity, opposite to the trends expected from meeorrection is not applied to the AuAu data because the
dium effects. dependence on beam energy is likely to be different for
heavy-ion reactions compared to proton reactions. It is also
noted that the isospin changes with collision system.

The K7/#~ ratio from central StA reactions at

In a previous publicatiofi9], the E866 Collaboration has 14.6A GeV/c [8] between 0.8 y<2.0 for Al, Cu, and Au
reported on the pion yields from central Au collisions at  targets is 0.042 0.013, 0.056:0.013, and 0.0380.010, re-
11.6A GeV/c. The centrality selection was the same as thespectively. The K™/#~ ratio from p+A reactions at
most central event class of this paper. To compare to thé4.6A GeV/c [7] between 1.6cy<2.0 for Be, Al, Cu, and
kaon results, a pion fiducial yield over the same rapidityAu targets is 0.023 0.007, 0.02% 0.010, 0.0250.007, and
range (0.6<y<2.0) was extracted from the data in reference
[9]. The =" fiducial yield is 69.2- 0.6 and therr~ fiducial

V. KAON TO PION RATIOS

yield is 85.1+0.6, where the uncertainties are statistical E 0-25 1
only. 1 i
Combined with the kaon yields in Table 1V, the kaon to 0.2 ]
pion ratios areK™ /7" =0.197+0.003-0.010 andK /7~ i 4
=0.0304~ 0.0004+0.0015, where the quoted errors are the 0.15 [ 4
statistical and systematic uncertainties, respectively. The sys- T A
tematic uncertainty in th&/ ratio is dominated by uncer- - ¢
tainties in the normalization between the different angle set- 0.1 F o *
tings needed to cover the same rapidity range for kaons and L e
pions. L
In central S# A reactions at 1448 GeV/c [8] the mea- 0.05
suredK */7r* ratio between 0.5y<2.3 for Al, Cu, and Au i
targets is 0.13% 0.008, 0.1630.006, and 0.1850.007, re- oL I

spectively. The data from the Si and Au beams show a
steady increase iK*/a* with increasing size of the system.
This continues the trend measured by our collaboration in
p+A reactions at 144 GeVic [7] where theK™ /" ratio FIG. 25. TheK*/= " ratio for different beam target combina-
between 1.2 y<1.4 increases with the target mass numbetjons. The AurAu (11.6A GeVi/c) datum is from this paper. The
(for Be, Al, Cu, and Au targetK*/m"=0.078-0.004, p+A(14.6A GeVic) and Si+A(14.6A GeVic) points are from
0.099+0.005, 0.106:0.006, and 0.1250.006, respec- Refs.[7] and[8], respectively. Each ratio from the heavy-ion reac-
tively). These results are summarized in Fig. 25, where the&ons is from central collisions.

ag+d [~
Iy+d |-
no+d
ny+d [~
v+IS [0
no+IS [
ny+IS
ny+ny
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0.06 in the most central collisions. The total yieldskf andK ™~

- in central AutAu collisions are 24.20.9 and 4.140.09,
L respectively.
: The yield per projectile participant is 0.137 f&* and
0.04 L 0.023 forK ™ in the most central collisions. These values are
3.7-0.5 and 2.50.4 times larger than th&€* and K~
+ - yields from the isospin-averagé@dtN collisions at the same

K~/

+ beam energy, respectively. This extra production most prob-
ably comes from multiple secondary collisions of hadrons in
0.02 | . .
a heavy-ion reactiof4—6].
| The yields ofK ~ andK* increase similarly with central-
ity. The K™/K™ ratio is about 0.17 and is constant over the
range of measured centrality, but below the value fitgsi
collisions at the same beam energy. Given the many differ-
ences betweeK ~ and K™ production, absorption, the ob-
servation that th& /K™ ratio is constant with centrality is a
puzzle.

FIG. 26. TheK™ /7~ ratio for different beam target combina-  The ratio of fiducial yields from central AuAu reactions
tions. The AurAu (11.6A GeV/c) datum is from this paper. The of K*/#7=0.197+0.003+0.010 continues the steady in-
p+A(14.6 GeVk) and SitA(14.6A GeVic) points are from  crease observed from+ A and Si+ A reactions. The ratio of
Refs.[?] and[8], respect?v_ely. Each ratio from the heavy-ion reac- fiducial yields from central reactions< /=~ =0.0304
tions is from central collisions. +0.0004+0.0015 is at the same level or lower than the sta-

_ ) tistically less accurate S$iA results. It is possible that™
0.026+0.006, respectively. These results are summarized iBroduction is more sensitive to the lower beam energy of the
Fig. 26, where th& /7~ ratio is plotted for each beam and Ay, reactions (118 GeV/c) compared to Si reactions
target combination. Note that theé /= ratio decreases by (14.6a GeVic).

30% in p+p reactions from the Si beam energy to the AU~ The systematics of the spectra and yieldsdf andK ~

beam energy. Given the size of the uncertainty in the protojyersys centrality have indicated the importance of multiple
and Si data, and the difference in beam energies, it is difficulgolisions and different production thresholds fisr and

eg+d [~
Iy+d -
no+d |~
ny+d [~
V+IS |7
no+IS [
ny+IS [~
ny+ny [

to deduce a trend in this ratio with system size. K*. The data can be used to confront the hadronic models
that attempt to describe heavy-ion reactions. Each of these
VI. CONCLUSIONS models treats the multiple collisions of hadrons in a different
manner. These data can be used to test and differentiate be-
In this paper, the systematics of measuked and K~ tween these models.
spectra in Au-Au reactions at 1148 GeV/c have been re- There are prediction§l1] that the possible in-medium

ported. The measured invariant yields of kaons are well deproperties ofK™ and K~ could shift the spectra so that
scribed by exponentials im;. The inverse slope parameters T,.>T,- [15,12. This could be strongest for central data
T are largest at midrapidity and increase with centrality. Theand at midrapidity where the baryon-density is likely to be
inverse slopes increase from 150 MeV in peripheral colli-large. This is not observed in the data, potentially placing a
sions to 200—-220 MeV in central collisions near midrapidity. constraint on the role of kaon mean fields in heavy-ion col-
The centrality dependence of the slope parameters is consifsions[15,17].

tent with more multiscattering occurring in central reactions, The fact that the transverse spectra and rapidity distribu-
extending the spectra out to largey, and increasing the tions forK* andK ™ are different in Au-Au reactions rules
inverse slope. The spectra figr” are slightly harder than the out global-equilibrium thermal models that assume common
K™ spectra, i.e.Tx+>Tg- by about 10 to 20 MeV, possibly conditions over the whole system and complete kinetic equi-

because there is less phase space availabl& foproduc- librium. It may, however, be possible to reconcile these data
tion. Near midrapidity for central collisions, thws, spectral  with a modified thermal model, either with a rapidity-
shapes foK™ andK ™ are similar. dependent chemical potential or temperature, or possibly dif-

The rapidity distributions for botiK™ and K~ peak at ferent freezeout conditions fat~ andK ™.
midrapidity and are approximately Gaussian. The fitted Hadronic cascade models predict that a small region of
width of the K™ dN/dy distributionsoy- ranges from 0.72 very dense nuclear matter is formed during an+#w col-
to 0.76 units of rapidity. The widths are narrower than thosdision. There is no evidence for any onset of new behavior of
from theK ™ distributions @+ =0.86—0.99. The difference  kaon production as the centrality is changed. There are two
between the widths is observed in all centrality classes and ipossibilities:(1) a baryon-rich QGP is not formed or is very
p+ p reactions. Since the yields of kaons in central reactionsmall, (2) the information from such a plasma is lost after
are dominated by secondary collisions, these secondary cdtadronization by the many hadronic collisions. The second
lisions maintain the wider rapidity width df* production  possibility makes it difficult to set a quantitative limit on
observed ip+p kaon production. QGP formation.

The vyields of K* and K~ increase nonlinearly and The experimental data ok* and K~ presented in this
steadily with the number of projectile participants. There ispaper help provide the essential systematics necessary for an
no indication of an additional onset of extra kaon productionunderstanding of heavy-ion reactions at AGS energies. More
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guantitatively, the data provide a foundation for detailed TABLE V. The p+p cross section$20,21] used to calculate
comparison with the complicated dynamical models requiredhen+n, p+n, and isospin averaged cross sections. A system-

to interpret these reactions theoretically. atic error of 10% is included in th+ N cross sections.
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APPENDIX The same assumption as RES0] is made:
To provide a baseline for kaon production in AAu col-
lisions, it is useful '.co. know the yield of kaons frop+ p, Tpinak++x=0.5X(0ppok+1xt Tninok++x)-
p+n, andn+n collisions at the same beam energy. These (A4)

can be weighted by the number of collisions between nucle-

ons to provide the average yield of kaons from initil
+N collisions in a Au-Au reaction. With six cross sections and four constraints, the system is

The cross sections fgr+n andn+n reactions have not fully determined if two of the cross sections are known. The
been measured, but can be estimated using isospin symme®{0ss sectionr,,, .k++x has been measured at 12 GeV/
[30]. As an exampleK™ and K° form an isospin doublet. [28] and the cross sectiomy , ko, x can be deducefB0]
There are six cross sectiong; y .+ x for the combinations ~ from the measured29] o5, k24 x and o,y x Cross

N=n,p andK=K°K™*. sections. The same algorithm is used for the isospin doublet
From isospin symmetry there are three constraints: K- KO

Table V lists thep+p, p+n, n+n, and isospin-averaged
(A1) N+ N cross sections used in this paper. A systematic error of
10% is assigned to thB+ N cross sections. This includes

Op+p—Kt+X= On+n—KO0+X

O ptpakO+X= T ninoK*+X s (A2)  the systematic uncertainty of the+ p experiments and the
assumptions used to derive the isospin-averaged cross sec-
Op+n—K++X~ Op+n—KO+X- (A3) tions.
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