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KAON AND ANTIKAON PRODUCTION IN PROTONNUCLEUS COLLISIONS�Werner S
heinastfor the KaoS CollaborationFors
hungszentrum RossendorfPostfa
h 51 01 19, 01314 Dresden, Germany(Re
eived July 11, 2000)For the �rst time, a systemati
 study of di�erential produ
tion 
rossse
tions of antikaons in proton nu
leus 
ollisions 
lose to threshold has beenperformed, using the �rst proton beam at GSI. Preliminary results on K+and K� produ
tion in p+Au 
ollisions at a beam energy of 2.5 GeV arepresented.PACS numbers: 14.40.Aq, 25.40.Ep1. Introdu
tion and motivationDuring several years the KaoS 
ollaboration 
olle
ted data on doubledi�erential kaon and antikaon produ
tion 
ross se
tions in heavy ion 
olli-sions. These investigations were performed at beam energies between 0.6and 2 AGeV, mostly with symmetri
 systems from C+C to Au+Au. Thebaryon density rea
hed during the 
ollisions was signi�
antly higher thanthe typi
al density of an atomi
 nu
leus. Compared to the elementary (in-
lusive) 
ross se
tions in p+ p, the yield of antikaons was found to be mu
hstronger enhan
ed than the one for kaons [3℄. It was an intriguing questionwhat would happen in the system p+A. Here, the density remains 
onstantat the normal nu
lear density and does not vary with time.In A+A, the K-meson yield arises in part from se
ondary pro
esses su
has pion nu
leon or hyperon nu
leon 
ollisions. In parti
ular, antikaons areprodu
ed in strangeness ex
hange rea
tions �Y ! K�N with Y = �;�.This pro
ess is expe
ted to be dominating in A+A but should be suppressedin p+A 
ollisions.� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2305)
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heinastThus, the p + A system represents the missing link between p + p andA+A experiments. 2. Experimental setupThe experiment was performed with the Kaon Spe
trometer (KaoS) [1℄,a magneti
 spe
trometer at the heavy ion syn
hrotron SIS. It is equippedwith s
intillator hodos
opes for time-of-�ight measurements and three multi-wire proportional 
hambers to re
onstru
t parti
le traje
tories, allowing thedetermination of parti
le momenta and masses. In addition to the usualtime-of-�ight 
ondition a newly developed se
ond level trigger was used dur-ing the p + A experiment. It 
onsists of a programmable unit that re
on-stru
ts reasonable tra
ks from hits in three s
intillator hodos
opes.This method improved ba
kground suppression by about one order ofmagnitude. Be
ause of the redu
ed ba
kground, it was possible to raisethe beam intensity above 109 s�1 whi
h led to extraordinarily high dete
-tion rates: more than 1300 K� and 40000 K+ per hour. The data wereTABLE ISurvey of kaon s
attering angle, beam energy and target 
omposition32 Æ 40 Æ 48 Æ 56 Æ 64 ÆK+ 1.6 GeV � C, Ni, Au C, Au C, Au C, Au2.5 GeV C, Au C, Ni, Au C, Au C, Au C, Au3.5 GeV C, Au C, Au C, Au C, Au �K� 2.5 GeV C, Au C, Ni, Au C, Au C, Au �3.5 GeV C, Au C, Au C, Au C, Au �taken at energies near and above the respe
tive produ
tion threshold forK+ (1.58 GeV) and K� (2.5 GeV) for NN 
ollisions, both with at least twonu
lear targets and several polar angles (Table I).A

ording to a preliminary estimate, the K� statisti
s for the entireexperiment, integrated over all observation angles, is about 11000 K� at2.5 GeV and 25000 K� at 3.5 GeV. The numbers for K+ produ
tion arelarger by one order of magnitude.3. ResultsFig. 1 shows the preliminary K+ and K� di�erential 
ross se
tions at2.5 GeV p+Au at a polar angle of 40 Æ. The solid lines represent Boltzmanndistributions �tted to the data in the nu
leon�nu
leon 
enter-of-mass sys-tem: d3�=dp3 / exp(�E=T ). Only the high momentum part of the K+
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trum 
an be des
ribed by this distribution, so the �t was done only formomenta � 475 MeV=
 (K+) and � 425 MeV=
 (K�), respe
tively. Thelow momentum part exhibits an enhan
ement 
ompared to the Boltzmannfun
tion. The further analysis will show whether this is merely 
aused byan anisotropi
 angular distribution. The resulting inverse slope parametersare T = 62:1(4) MeV for K+ and T = 34:4(30) MeV for K� mesons. TheK�=K+ ratio of the spe
tra measured at �Lab = 40Æ is � 10�2.
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ross se
tion for p (2.5 GeV) +Au and p(1.5 GeV) +Pb [2℄. All data sets are for a laboratory angle of (40Æ).In order to illustrate possible in-medium e�e
ts in K� produ
tion we
ompare the K�=K+ ratio measured at beam energies equivalent with re-spe
t to the NN thresholds. The beam energy of 2.5 GeV is the thresholdenergy for K� produ
tion. The equivalent energy for K+ produ
tion is1.58 GeV. The latter data have not been analyzed yet. Therefore, we 
om-pare the K� data taken in p+Au at 2.5 GeV to K+ data from p+Pb at1.5 GeV also taken at �Lab = 40Æ [2℄ (see Fig. 1). It 
an be seen that thesetwo data sets di�er by one order of magnitude in yield. In 
ontrast to that,the 
ross se
tion in heavy ion 
ollisions [3℄ is of the same order of magnitudefor both K+ and K�, at various energies around threshold. On the otherhand, in p + p rea
tions, the K�=K+ ratio (still at equivalent energies)
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heinastbe
omes very small when approa
hing the threshold energy [4℄ so that thefollowing systemati
s emerges:System p+ p p+A A+AK�=K+ � 10�2 10�1 100The K�=K+ ratio is larger in p+Au than in p + p 
ollisions although theK� mesons are expe
ted to be absorbed with a high probability (in 
ontrastto K+ mesons). The mean free path of K� mesons is about 1.5 fm innormal nu
lear matter (� = �0). This e�e
t 
an be estimated by 
omparingthe K�=K+ ratio in p+Au and p+C 
ollisions on
e the latter data areanalyzed. In heavy ion 
ollisions most of theK� are believed to be produ
edin pion hyperon rea
tions [5℄. This 
hannel is suppressed in proton nu
leus
ollisions. Therefore, the enhan
ed K�=K+ ratio in p+Au as 
ompared top+ p 
annot be due to the strangeness ex
hange rea
tion �Y ! K�N (thepro
ess Y N ! K�NN is negligible).4. Summary and outlookSystemati
 measurements ofK+ andK� 
ross se
tions in proton nu
leus
ollisions 
lose to threshold have been performed for the �rst time. In apreliminary analysis of p+Au 
ollisions at 2.5 GeV beam energy, K+ andK� double di�erential 
ross se
tions have been obtained for �Lab = 40Æ.The K�=K+ ratio at equivalent energies is about 0.1 and hen
e one orderof magnitude larger than for p+ p 
ollisions. The analysis of the entire datayet measured will provide new and important information on the propertiesof antikaons in nu
lear matter at saturation density.REFERENCES[1℄ P. Senger et al., Nu
l. Instrum. Methods A327, 393 (1993).[2℄ M. D�bowski et al., Z. Phys. A356, 313 (1996).[3℄ R. Barth et al., Phys. Rev. Lett. 78, 4007 (1997). F. Laue, C. Sturm et al.,Phys. Rev. Lett. 82, 1640 (1999).[4℄ A. Sibirtsev et al., Z. Phys. A358, 101 (1997).[5℄ W. Cassing, E. Bratkovskaya, Phys. Rep. 308, 65 (1999).


