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STRANGENESS PRODUCTIONIN THE COSY-TOF EXPERIMENT� ��W. Eyrihfor the COSY-TOF CollaborationUniversität Erlangen, Physikalishes Institut, Erlangen, Germany(Reeived June 29, 2000)The hyperon prodution in elementary proton indued reations is stud-ied exlusively at the external COSY beam using the time-of-�ight spe-trometer TOF. For the assoiated strangeness prodution proess pp !K+� p total and di�erential ross setions as well as Dalitz plots, massspetra of the subsystems and the �-polarization are measured. The datashow evidene for the in�uene of N� resonanes and the p�-�nal stateinteration on the prodution proess. In the atual step the prodution of�+ and � 0 hyperons in the hannels pp! K0�+p, K+�+n and K+� 0pis inluded. In the future in addition a polarized beam and a polarizedtarget as well as a deuterium target will be used.PACS numbers: 14.20.Jn, 13.75.Cs, 13.88.+e1. IntrodutionThe interest in the investigation of the assoiated strangeness produtionin elementary reations like pp ! KYN lose to threshold is to get infor-mation about the manifestation of the QCD in the nonperturbative regimegoing a step beyond low energy pion physis. The produed strange andanti-strange quarks at as sensitive probes to �nd out the relevant degreesof freedom of the dynamis of the mass reation proess. Moreover, theinvestigation of the strangeness prodution should give insight in the stru-ture of the involved strongly interating objets. Of speial interest in thisontext is a possible strangeness ontent of the nuleon, whih should in�u-ene the observables of the ss prodution in the favourable ase [1℄. To getonlusive results in this omplex situation dediated model alulation areessential.� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.�� Supported by FZ Jülih and German BMBF.(2195)



2196 W. EyrihIn the meson exhange model the questions espeially onern the ontri-bution of the various strange and non strange mesons, inluding the in�ueneof N� resonanes and the role of the �nal state interation whih is known tobe of speial importane lose to threshold. Besides these e�etive desrip-tions more elementary models are needed. The goal of more QCD inspiredalulations whih are now in progress is to �nd the link from the e�etivedegrees of freedom to the underlying fundamental interation.To ome to more onlusive results the omparison of di�erent reationsis essential. In �gure 1 are shown for the four hyperon hannels pp! K+� p,K0�+p, K+�+n and K+� 0p, whih an be investigated at COSY-TOF,the ross setion data from older exlusive experiments (open symbols, [2℄)together with the reent data from COSY (�lled symbols). Apart from an olddata point for the �-hannel (onsisting of 11 events) nothing was knownin the COSY range. Now there exist measurements of COSY-11 (just atthreshold, [3℄) and COSY-TOF (2.50 and 2.75 GeV/, [4℄) for the �-hanneland data of COSY-11 for the � 0-hannel [5℄.
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0 1 2 3 4 5 6 7 8Fig. 1. Existing ross setion data for the four hyperon prodution hannels pp!K+� p, K0�+p, K+�+n and K+� 0p.



Strangeness Prodution in the COSY-TOF Experiment 2197It is obvious that more preise data are needed espeially in the thresholdregion. The measurements should onentrate on exlusive data overing thefull phase spae. Moreover, spin observables are important, in partiular thepolarization of the hyperon, whih an be extrated via the weak deay.Apart from the ss reation proess itself there are more speial topisrelated to the strangeness prodution lose to threshold. An interestingexample is the question of the existene of an exoti qqqqq resonane whihis proposed in the soliton model [6℄. It should show up in the reationpp! K�+N as a narrow peak in the mass spetrum of the KN subsystem.Moreover, the data of the strangeness prodution in nuleon�nuleon re-ations in the threshold region are important as an input to desribe andontrol ss reation in heavy ion ollisions at high energies. Here the obser-vation of partiles arrying strangeness is onsidered a promising methodto get information about hot, dense matter and the nulear equation ofstates. Data on the elementary system are also of speial interest onern-ing the disussion about the unexpeted K�/K+ ratio reently observed innuleus�nuleus ollisions [7℄.2. ExperimentThe external experiment COSY-TOF is a wide angle, non magneti sys-tem with various start and stop detetor omponents for time-of-�ight mea-surement. The apparatus ombines high e�ieny and aeptane with anenergy and momentum resolution of a few perent. The whole detetor sys-tem together with a tiny liquid hydrogen target is installed in a vauumvessel. This ensures a rather preise de�nition of the interation point anda strongly redued ontamination from bakground reations in air. Themodular struture of the system allows a time of �ight path between aboutone and eight meters and a large variation of the deteted angular rangeovering the full phase spae in the ase of threshold reations. Figure 2shows a standard version with a length of about 3.4 meters.The outer detetor serving as stop for the time-of-�ight onsists of severalplasti sintillator hodosopes: basially a huge ylindrial segmented barreland a irular endap in the forward diretion. The endap is made up bytwo separate sintillator hodosopes, a entral one (�quirl�) with a diameterof one meter and a ring-like having an outer diameter of three meters. Bothonsist of three segmented layers, one by wedge like parts and two by leftand right hand spirally formed elements [8℄. Furthermore, a neutron detetoronsisting of a large area sintillator wall is installed behind the vessel tomeasure primary and deay neutrons in the �+hannel. The data shown inthis ontribution have been taken using a short version of about 1 m withthe quirl as outer detetor. In a very reent run, however, the ompletesystem with ring and barrel ould be used suessfully.
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Fig. 2. Sheme of the TOF-detetor (standard version of about 3.4 m length).Together with a real event the inner detetor system optimised for strange-ness prodution is shematially shown in �gure 3. It onsists of the �start-torte�, made of two thin segmented layers of plasti sintillators providing

Fig. 3. Shemati view of the startdetetor system



Strangeness Prodution in the COSY-TOF Experiment 2199the start timing, a double-sided silion miro-strip detetor with ring andsetor struture, respetively, and two hodosopes built by sintillating �-bres [9℄.This system with small beam holes between 2 and 4 mm diameter oversthe full angular range of the reation produts and allows the ompletereonstrution of the pp! K+� p events inluding the delayed deay � !��p. From the angular distribution of its deay produts the polarizationof the � is extrated. It should be pointed out that for the nonmagnetiTOF faility the identi�ation and reonstrution of the delayed �-deayis the key for the extration of the K+� p events. Existing overonstraintsfrom the time-of-�ight and dE=dx measurements improve the preision ofthe observables. 3. ResultsFirst data were taken for the hannel pp ! K+� p at the two beammomenta of 2.50 GeV/ and 2.75 GeV/. Clean nearly bakground freesamples ould be extrated, whih allowed to evaluate total ross setions,angular distributions, Dalitz plots with mass projetions and for the runat 2.75 GeV/ also the �-polarization. In part these results are alreadypublished [4℄. The total ross setion together with the results of COSY-11just at threshold give a onsistent piture allowing already to test di�erentmodel alulations and their parameters. The Dalitz plots show that thedata more or less smoothly over the full phase spae. The projetions forthe K�- and p�-subsystems for the beam momentum of 2.75 GeV/ (see�gure 4), however, indiate signi�ant deviations from the phase spae.The enhanement on the left side of the p�-mass orresponds to the p�-�nal state interation. It is also interesting to notie that the isolated datapoint stiking up in the middle of this spetrum is just at the p� 0-mass.Obviously the one data point is insu�ient for a onlusive explanationwhih needs further input from upoming data. Also the K�-spetrumshows some deviation from the phase spae. There is a shift to highermasses. This an be explained in resonane model alulations [10℄ where thein�uene of the N�(1710) and N�(1720) resonanes a�ets theK�-spetrumin the observed way. On the other hand also the �nal state interation shouldgive deviations from the phase spae in this spetrum. This observationneeds further investigations on the basis of high preision data. The sameholds for the observed �-polarization, where the data indiate a trend tonegative polarization with inreasing transverse �-momentum.After an upgrade of the startdetetor system measurements were doneat beam momenta of 2.59, 2.68 and 2.85 GeV/ where most of the time wasspent at the highest momentum. The goals onerning the �-hannel were
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Fig. 4. Dalitz plot projetions on 2-partile subsystems at 2.50 and 2.75 GeV/to get further data points and a sample with improved statistis for the mo-mentum of 2.85 GeV/. Moreover, it was a pilot run for the two �+-hannelspp ! K+�+n and K0�+p. Obviously they are of great importane for aonsistent understanding of the strangeness prodution.The �+-prodution is muh harder to measure than the �-hannel. Thesignature of the �+-deay is only a kink in the trak. Due to the short deaylength (� = 2.4 m) a preise measurement of the �+-trak very lose tothe target is essential. This is done by the miro-strip-detetor. Additionalindiations are the delayed deay K0 ! �+�� and/or a deteted neutron,respetively.The upper part of �gure 5 shows for a subsample of the 2.85 GeV/ datathe reonstruted �-peak on a low bakground, the lower part a orrespond-ing spetrum of the reation pp ! K0�+p, respetively. It demonstrates,that also for the �+-hannel the interesting events an be extrated witha su�ient preision. From these data one gets a preliminary ross setionratio of �+/�= 0.11 � 0.03, whih is an interesting quantity to be omparedwith model alulations.
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Fig. 5. Missing mass of reonstruted � (top) and �+ (bottom) events for subsam-ples of the 2.85 GeV/ data.
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2202 W. EyrihFor the �-hannel the preliminary Dalitz plots and their projetions(�gure 6) again show an enhanement at low p�-masses whih has to beattributed to the p�-�nal state interation. And again there is an enhane-ment in the K�-subsystem around the N�(1710) and N�(1720) resonanes,orresponding to values of m2K� between about 2.75 and 3.10 GeV2/4.4. SummaryThe COSY-TOF experiment obtained exlusive data for the �- and� -prodution in proton�proton ollisions. The improved preision and thepossible omparison of the di�erent hannels inluding the hyperon produ-tion in pn-reations using a deuterium target together with the future useof a polarized beam and a polarized target will allow further insight into thestruture and dynamis of the involved hadroni objets.REFERENCES[1℄ M. Alberg, Prog. Part. Nul. Phys. 36, 217 (1995).[2℄ Compilation of Cross setions III, CERN-HERA 84-01, (1984).[3℄ J.T. Balewski et al., Phys. Lett. B420, 211 (1998).[4℄ R. Bilger et al., Phys. Lett. B420, 217 (1998).[5℄ S. Sewerin et al., Phys. Rev. Lett. 83, 682 (1999).[6℄ M.V. Polyakov et al., nul-th/9909048 and private ommuniation.[7℄ R. Barth et al., Phys. Rev. Lett. 78, 4007 (1997).[8℄ M. Dahmen et al., Nul. Instrum. Methods A348, 97 (1994).[9℄ W. Eyrih et al., Phys. Sr. 48, 88 (1993).[10℄ K. Tsushima, A. Sibirtsev, A.W. Thomas, Phys. Lett. B390, 29 (1997);A. Sibirtsev, K. Tsushima, A.W. Thomas, Phys. Lett. 421, 59 (1998) andA. Sibirtsev, private ommuniations.


