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PHASE SPACE DISTRIBUTIONS OF K� AND K+MESONS IN HEAVY-ION COLLISIONS AT SISENERGIES �K. Wi±niewskifor the FOPI CollaborationInstitute of Experimental Physi
s, Warsaw UniversityHo»a 69, 00-681 Warszawa, Poland(Re
eived De
ember 1, 1999)The 
omparison of phase spa
e distributions of K� and K+ mesonsprodu
ed in 
ollisions of 96Ru+96Ru at 1.69 A GeV, 96Ru+96Zr at1.69 A GeV and 58Ni+58Ni at 1.93 A GeV in
ident beam kineti
 energyis presented. The distribution of K+ mesons is 
ompatible with the emis-sion from an isotropi
, thermalized sour
e of whi
h parameters des
ribe aswell the spe
tra of more abundant rea
tion produ
ts: pions, protons anddeuterons. The yield ratio of K� to K+ mesons is observed to vary a
rossthe measured phase spa
e. Relativisti
 transport-model 
al
ulations indi-
ate that the data are best understood if in-medium modi�
ations of kaonproperties are taken into a

ount.PACS numbers: 25.75.�q, 25.75.Dw1. Introdu
tionIn heavy ion experiments at in
ident beam energies 1�2 GeV per nu
leon,whi
h is 
lose to the produ
tion threshold in the elementary nu
leon-nu
leonrea
tions, kaons are regarded to be sensitive probes of the early phase of the
ollision when the nu
lear matter rea
hes the state of high density (2�3 timesthe normal nu
lear matter density) and moderate temperature (up to 100MeV) [1℄.The produ
tion rate of kaons is in�uen
ed not only by the 
ompress-ibility of the surrounding medium, hen
e the nu
lear equation of state [2℄.Re
ently, possible 
onsequen
es of the modi�
ations of hadron properties in� Presented at the XXVI Mazurian Lakes S
hool of Physi
s, Krzy»e, PolandSeptember 1�11, 1999. (399)



400 K. Wi±niewskithe dense nu
lear matter were investigated [3,4℄. In parti
ular, the e�e
tivemass of K+meson is expe
ted to in
rease slightly while the e�e
tive massof K�meson is thought to drop substantially with in
reasing baryoni
 den-sities. This phenomenon 
ould lead to the formation of a kaon 
ondensatein a dense environment [3℄ and may originate from the partial restoration ofthe 
hiral symmetry of QCD [5℄. However, before drawing any �rm 
on
lu-sion one needs to study as many observables as possible in order to rea
h a
oherent des
ription of heavy ion rea
tions.In order to provide a quantitative ground for su
h investigations, theFOPI 
ollaboration has measured 
harged kaons and neutral strange parti-
les together with other 
harged rea
tion produ
ts in 
ollisions of 96Ru+96Ruat 1.69 A GeV, 96Ru+96Zr at 1.69 A GeV and 58Ni+58Ni at 1.93 A GeV.Here, we review the re
ent experimental results on the produ
tion ofK+ andK�mesons and investigate their possible impli
ations on the modi�
ationsof kaon properties in the dense nu
lear medium.2. ExperimentExperiments were performed at SIS/GSI using a general purpose FOPIdete
tor setup [6℄. It allows for simultanous measuremets of all 
harged re-a
tion produ
ts with almost full geometri
 a

eptan
e. In addition, shortlyliving, neutral parti
les, su
h as strange mesons and baryons, 
an be iden-ti�ed on the ground of the invariant mass re
onstru
tion of their de
ayprodu
ts.For the analysis presented here, only the data from the Central DriftChamber (CDC), the time of �ight s
intillator array (Barrel) and the for-ward plasti
 wall (PLA) were used. An ensemble of events biased to smallimpa
t parameters was sele
ted by requiring high 
harged-parti
le multi-pli
ity in the PLA dete
tor. For the Ni+Ni experiment, 4.7�106 eventswere sele
ted, whi
h 
orresponded to the most 
entral 11% of the total ge-ometri
 
ross-se
tion. For the Ru+Ru and Ru+Zr experiments the most
entral 14% of the geometri
 
ross-se
tion were analyzed. Sin
e no di�er-en
e in strangeness produ
tion was found between the Ru+Ru and Ru+Zrsystems [7℄, the a

umulated statisti
s was 
ombined for a total of 7.7�106events.The identi�
ation of kaons with the FOPI dete
tor relies on the infor-mation on spe
i�
 energy loss and the momentum of a parti
le providedby the CDC. Additional a

ura
y is a
hieved by adding the information onthe velo
ity gathered by the Barrel. The geometri
 a

eptan
e of the kaonidenti�
ation is restri
ted to the polar-angle range 39Æ<�
m<130Æ . Due tothe ba
kground 
ontamination from pion yields, it is further limitted to themomenta lower than 0.5 GeV/
 and 0.33 GeV/
 for K+ and K�mesons re-
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tively. Within this experimental a

eptan
e, about 40000 K+ and 220K� mesons have been identi�ed in the Ni+Ni experiment. The 
ombinedstatisti
s of the Ru+Ru/Zr experiment is about 26000 K+ and 240 K�mesons. 3. Phase spa
e distribution of K+mesonsThe distribution in the phase spa
e ofK+mesons measured in the 96Ru+96Ru experiment is shown in Fig. 1a in terms of transverse mass(mt=qp2t +m2K ) and normalized rapidity (y(0) = ylab=yCM� 1, where yCMis half of the beam rapidity). In this representation �1 and 0 on the rapidityaxis 
orrespond to the target and the midrapidity, respe
tively.
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Fig. 1. (a) Phase spa
e distribution of K+mesons measured in the experiment96Ru+96Ru. (b) Transverse mass spe
tra of K+mesons in di�erent rapidity sli
es.Lines depi
t the �ts a

ording to the formula (1). (
) Rapidity density distributionof K+mesons. The line depi
ts the distribution obtained for a thermalized sour
eof temperature T=80 MeV.Fig. 1(b) shows the transverse mass spe
tra of K+mesons in di�erentrapidity sli
es (dots). These are 
ompared to distributions parametrized bythe formula 1m2t d2Ndmtdy(0) / exp ��(mt �mK+)TB � ; (1)where TB = T
osh (y(0)yCM ) is so-
alled inverse slope parameter, and T is



402 K. Wi±niewskithe Boltzmann temperature of the sour
e. The spe
tra are �tted with theformula (1) and extrapolated to transverse mass regions beyond the rangeof measurements. The integration of the �tted fun
tions leads to the ra-pidity density distribution whi
h is shown in �gure 1(
). The spe
trum isagain 
ompared to the distribution obtained for the isotropi
 emission froma thermalized sour
e of temperature T ' 80 MeV. This value agrees verywell with temperatures whi
h are extra
ted in 
ase of similar rea
tions fromthe spe
tra of more abundant rea
tion produ
ts su
h as pions, protons anddeuterons [8℄. 4. K� to K+meson yields ratioTo quantitatively examine and 
ompare the phase-spa
e distributions ofK+ and K� mesons, where for the latter low statisti
s does not allow toextrapolate spe
tra, we study the yield ratio of K� to K+ mesons. Thiso�ers two advantages with respe
t to analyses of single parti
le distributions:(i) Experimental di�
ulties, like dete
tion e�
ien
ies and a

eptan
e de-�
ien
ies 
an
el to a large extent [7℄.(ii) In-medium e�e
ts a
t in opposite way on K� and K+ mesons, hen
ethe ratio should reveal these more 
learly.The K�/K+ ratio is plotted in Fig. 2 as a fun
tion of the normalizedrapidity y(0) for Ru+Ru/Zr (a) and Ni+Ni (b) experiments. The result isbiased by the dete
tor a

eptan
e, but has the best statisti
al signi�
an
e,whi
h is given by the error bars atta
hed to the data points. We observethat the K�=K+ ratio rises towards midrapidity.
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Fig. 2. The K�/K+ ratio as a fun
tion of normalized rapidity in the geometri
a

eptan
e of the FOPI dete
tor setup. Lines depi
t predi
tions of di�erent versionsof the RBUU transport model [9℄.



Phase Spa
e Distributions of K� and... 403Finally, we try to explain the variation of the K�/K+ ratio in the phasespa
e by in-medium modi�
ations of kaon properties. We 
ompare the pre-di
tions of the RBUU transport model [9℄ with the experimental results.Solid lines in �gure 2 show predi
tions of the RBUU model when no modi-�
ations of kaons are taken into a

ount. Dashed and dotted lines show thevalues of the ratio predi
ted by the model RBUU when in-medium e�e
tsare taken into a

ount by a linear dependen
e of the in-medium potential ondensity [10℄. Two s
enarios with di�erent strength of the in-medium kaon po-tentials at normal nu
lear matter density are presented. The attra
tive K�potential in�uen
es the results in a systemati
 fashion: the overall K�/K+ratio in
reases as does the slope with respe
t to the rapidity axis. While the�rst e�e
t is 
aused mainly by the 
orresponding drop of the e�e
tive massof K�meson, the rapidity dependen
e of the K�/K+ ratio is generated byfor
es originating from the gradients of the potentials.5. SummaryKaon phase spa
e distributions were studied in rea
tions : 96Ru+96Ru at1.69 A GeV, 96Ru+96Zr at 1.69 A GeV and 58Ni+58Ni at 1.93 AGeV in
identbeam kineti
 energy. Distributions of K+mesons are 
ompatible with anemission from a thermalized sour
e. The yield ratio of K� to K+mesonsvaries in the measured phase spa
e. The data 
an be properly des
ribed bythe RBUU model 
al
ulations if in-medium modi�
ations of kaon propertiesare taken into a

ount.This work was supported in partby the Polish State Committee for S
i-enti�
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