
Vol. 31 (2000) ACTA PHYSICA POLONICA B No 10�11
STRANGENESS PRODUCTIONIN THE COSY-TOF EXPERIMENT� ��W. Eyri
hfor the COSY-TOF CollaborationUniversität Erlangen, Physikalis
hes Institut, Erlangen, Germany(Re
eived June 29, 2000)The hyperon produ
tion in elementary proton indu
ed rea
tions is stud-ied ex
lusively at the external COSY beam using the time-of-�ight spe
-trometer TOF. For the asso
iated strangeness produ
tion pro
ess pp !K+� p total and di�erential 
ross se
tions as well as Dalitz plots, massspe
tra of the subsystems and the �-polarization are measured. The datashow eviden
e for the in�uen
e of N� resonan
es and the p�-�nal stateintera
tion on the produ
tion pro
ess. In the a
tual step the produ
tion of�+ and � 0 hyperons in the 
hannels pp! K0�+p, K+�+n and K+� 0pis in
luded. 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. Introdu
tionThe interest in the investigation of the asso
iated strangeness produ
tionin elementary rea
tions 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 physi
s. The produ
ed strange andanti-strange quarks a
t as sensitive probes to �nd out the relevant degreesof freedom of the dynami
s of the mass 
reation pro
ess. Moreover, theinvestigation of the strangeness produ
tion should give insight in the stru
-ture of the involved strongly intera
ting obje
ts. Of spe
ial interest in this
ontext is a possible strangeness 
ontent of the nu
leon, whi
h should in�u-en
e the observables of the ss produ
tion in the favourable 
ase [1℄. To get
on
lusive results in this 
omplex situation dedi
ated model 
al
ulation areessential.� 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.�� Supported by FZ Jüli
h and German BMBF.(2195)
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hIn the meson ex
hange model the questions espe
ially 
on
ern the 
ontri-bution of the various strange and non strange mesons, in
luding the in�uen
eof N� resonan
es and the role of the �nal state intera
tion whi
h is known tobe of spe
ial importan
e 
lose to threshold. Besides these e�e
tive des
rip-tions more elementary models are needed. The goal of more QCD inspired
al
ulations whi
h are now in progress is to �nd the link from the e�e
tivedegrees of freedom to the underlying fundamental intera
tion.To 
ome to more 
on
lusive results the 
omparison of di�erent rea
tionsis essential. In �gure 1 are shown for the four hyperon 
hannels pp! K+� p,K0�+p, K+�+n and K+� 0p, whi
h 
an be investigated at COSY-TOF,the 
ross se
tion data from older ex
lusive experiments (open symbols, [2℄)together with the re
ent 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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ross se
tion data for the four hyperon produ
tion 
hannels pp!K+� p, K0�+p, K+�+n and K+� 0p.



Strangeness Produ
tion in the COSY-TOF Experiment 2197It is obvious that more pre
ise data are needed espe
ially in the thresholdregion. The measurements should 
on
entrate on ex
lusive data 
overing thefull phase spa
e. Moreover, spin observables are important, in parti
ular thepolarization of the hyperon, whi
h 
an be extra
ted via the weak de
ay.Apart from the ss 
reation pro
ess itself there are more spe
ial topi
srelated to the strangeness produ
tion 
lose to threshold. An interestingexample is the question of the existen
e of an exoti
 qqqqq resonan
e whi
his proposed in the soliton model [6℄. It should show up in the rea
tionpp! K�+N as a narrow peak in the mass spe
trum of the KN subsystem.Moreover, the data of the strangeness produ
tion in nu
leon�nu
leon re-a
tions in the threshold region are important as an input to des
ribe and
ontrol ss 
reation in heavy ion 
ollisions at high energies. Here the obser-vation of parti
les 
arrying strangeness is 
onsidered a promising methodto get information about hot, dense matter and the nu
lear equation ofstates. Data on the elementary system are also of spe
ial interest 
on
ern-ing the dis
ussion about the unexpe
ted K�/K+ ratio re
ently observed innu
leus�nu
leus 
ollisions [7℄.2. ExperimentThe external experiment COSY-TOF is a wide angle, non magneti
 sys-tem with various start and stop dete
tor 
omponents for time-of-�ight mea-surement. The apparatus 
ombines high e�
ien
y and a

eptan
e with anenergy and momentum resolution of a few per
ent. The whole dete
tor sys-tem together with a tiny liquid hydrogen target is installed in a va
uumvessel. This ensures a rather pre
ise de�nition of the intera
tion point anda strongly redu
ed 
ontamination from ba
kground rea
tions in air. Themodular stru
ture of the system allows a time of �ight path between aboutone and eight meters and a large variation of the dete
ted angular range
overing the full phase spa
e in the 
ase of threshold rea
tions. Figure 2shows a standard version with a length of about 3.4 meters.The outer dete
tor serving as stop for the time-of-�ight 
onsists of severalplasti
 s
intillator hodos
opes: basi
ally a huge 
ylindri
al segmented barreland a 
ir
ular end
ap in the forward dire
tion. The end
ap is made up bytwo separate s
intillator hodos
opes, a 
entral one (�quirl�) with a diameterof one meter and a ring-like having an outer diameter of three meters. Both
onsist of three segmented layers, one by wedge like parts and two by leftand right hand spirally formed elements [8℄. Furthermore, a neutron dete
tor
onsisting of a large area s
intillator wall is installed behind the vessel tomeasure primary and de
ay neutrons in the �+
hannel. The data shown inthis 
ontribution have been taken using a short version of about 1 m withthe quirl as outer dete
tor. In a very re
ent run, however, the 
ompletesystem with ring and barrel 
ould be used su

essfully.
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Fig. 2. S
heme of the TOF-dete
tor (standard version of about 3.4 m length).Together with a real event the inner dete
tor system optimised for strange-ness produ
tion is s
hemati
ally shown in �gure 3. It 
onsists of the �start-torte�, made of two thin segmented layers of plasti
 s
intillators providing

Fig. 3. S
hemati
 view of the startdete
tor system



Strangeness Produ
tion in the COSY-TOF Experiment 2199the start timing, a double-sided sili
on mi
ro-strip dete
tor with ring andse
tor stru
ture, respe
tively, and two hodos
opes built by s
intillating �-bres [9℄.This system with small beam holes between 2 and 4 mm diameter 
oversthe full angular range of the rea
tion produ
ts and allows the 
ompletere
onstru
tion of the pp! K+� p events in
luding the delayed de
ay � !��p. From the angular distribution of its de
ay produ
ts the polarizationof the � is extra
ted. It should be pointed out that for the nonmagneti
TOF fa
ility the identi�
ation and re
onstru
tion of the delayed �-de
ayis the key for the extra
tion of the K+� p events. Existing over
onstraintsfrom the time-of-�ight and dE=dx measurements improve the pre
ision 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 ba
kground freesamples 
ould be extra
ted, whi
h allowed to evaluate total 
ross se
tions,angular distributions, Dalitz plots with mass proje
tions and for the runat 2.75 GeV/
 also the �-polarization. In part these results are alreadypublished [4℄. The total 
ross se
tion together with the results of COSY-11just at threshold give a 
onsistent pi
ture allowing already to test di�erentmodel 
al
ulations and their parameters. The Dalitz plots show that thedata more or less smoothly 
over the full phase spa
e. The proje
tions forthe K�- and p�-subsystems for the beam momentum of 2.75 GeV/
 (see�gure 4), however, indi
ate signi�
ant deviations from the phase spa
e.The enhan
ement on the left side of the p�-mass 
orresponds to the p�-�nal state intera
tion. It is also interesting to noti
e that the isolated datapoint sti
king up in the middle of this spe
trum is just at the p� 0-mass.Obviously the one data point is insu�
ient for a 
on
lusive explanationwhi
h needs further input from up
oming data. Also the K�-spe
trumshows some deviation from the phase spa
e. There is a shift to highermasses. This 
an be explained in resonan
e model 
al
ulations [10℄ where thein�uen
e of the N�(1710) and N�(1720) resonan
es a�e
ts theK�-spe
trumin the observed way. On the other hand also the �nal state intera
tion shouldgive deviations from the phase spa
e in this spe
trum. This observationneeds further investigations on the basis of high pre
ision data. The sameholds for the observed �-polarization, where the data indi
ate a trend tonegative polarization with in
reasing transverse �-momentum.After an upgrade of the startdete
tor 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 
on
erning the �-
hannel were
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Fig. 4. Dalitz plot proje
tions on 2-parti
le subsystems at 2.50 and 2.75 GeV/
to get further data points and a sample with improved statisti
s 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 importan
e for a
onsistent understanding of the strangeness produ
tion.The �+-produ
tion is mu
h harder to measure than the �-
hannel. Thesignature of the �+-de
ay is only a kink in the tra
k. Due to the short de
aylength (
� = 2.4 
m) a pre
ise measurement of the �+-tra
k very 
lose tothe target is essential. This is done by the mi
ro-strip-dete
tor. Additionalindi
ations are the delayed de
ay K0 ! �+�� and/or a dete
ted neutron,respe
tively.The upper part of �gure 5 shows for a subsample of the 2.85 GeV/
 datathe re
onstru
ted �-peak on a low ba
kground, the lower part a 
orrespond-ing spe
trum of the rea
tion pp ! K0�+p, respe
tively. It demonstrates,that also for the �+-
hannel the interesting events 
an be extra
ted witha su�
ient pre
ision. From these data one gets a preliminary 
ross se
tionratio of �+/�= 0.11 � 0.03, whi
h is an interesting quantity to be 
omparedwith model 
al
ulations.
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ted � (top) and �+ (bottom) events for subsam-ples of the 2.85 GeV/
 data.
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hFor the �-
hannel the preliminary Dalitz plots and their proje
tions(�gure 6) again show an enhan
ement at low p�-masses whi
h has to beattributed to the p�-�nal state intera
tion. And again there is an enhan
e-ment in the K�-subsystem around the N�(1710) and N�(1720) resonan
es,
orresponding to values of m2K� between about 2.75 and 3.10 GeV2/
4.4. SummaryThe COSY-TOF experiment obtained ex
lusive data for the �- and� -produ
tion in proton�proton 
ollisions. The improved pre
ision and thepossible 
omparison of the di�erent 
hannels in
luding the hyperon produ
-tion in pn-rea
tions using a deuterium target together with the future useof a polarized beam and a polarized target will allow further insight into thestru
ture and dynami
s of the involved hadroni
 obje
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