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PROTON�PROTON COLLISIONSAT PRODUCTION THRESHOLDS �P. Moskala;b, H.-H. Adam, A. Budzanowskid, D. GrzonkabL. Jarzyka, A. Khoukaz, K. Kilianb, M. Köhlere, P. KowinafN. Lang, T. Lister, W. Oelertb, C. Quentmeier, R. SantoG. Shepersb;, T. Sefzikb, S. Sewerinby, M. SiemaszkofJ. Smyrskia, M. Sokoªowskia, A. Strzaªkowskia, M. WolkebP. Wüstnere, and W. ZipperfaInstitute of Physis, Jagellonian University, 30-059 Craow, PolandbIKP, Forshungszentrum Jülih, D-52425 Jülih, GermanyIKP, Westfälishe Wilhelms�Universität, D-48149 Münster, GermanydInstitute of Nulear Physis, 31-342 Craow, PolandeZEL, Forshungszentrum Jülih, D-52425 Jülih, GermanyfInstitute of Physis, University of Silesia, 40-007 Katowie, Poland(Reeived July 24, 2000)Reent results obtained by the COSY�11 ollaboration onerning theprodution of � and �0 mesons in the pp! ppMeson reation are presented.A omparison of the prodution amplitude for the �0, � and �0 mesons at thesame phase spae volume allows to onlude that the proton��0 interationis in the order of, or smaller than, the proton-�0 one. A total ross setiondetermined in a preliminary analysis of the data of elementary kaon andantikaon prodution via the pp ! ppK+K� reation measured at exessof energy of Q = 17 MeV is reported.PACS numbers: 13.60.Le, 13.75.�n, 13.85.Lg, 25.40.�h1. IntrodutionIn the last deade a opious set of data on the lose-to-threshold produ-tion of mesons �0, �, and �0 in the ollisions of protons has been olleted atthe high preision aelerators in Bloomington, Uppsala, Salay and Jülih.The quality of the determined energy dependene of the total ross setionsfor the pp ! pp�0 [1�3℄, pp ! pp� [4�8℄, and pp ! pp�0 [9�11℄ reations� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.y Present address: The Svedberg Laboratory S-75121 Uppsala, Sweden.(2277)



2278 P. Moskal et al.enables investigations of the mirosopi desription of the primary pro-dution mehanism [13�26℄ and the interation of protons with the reatedmeson [19, 27, 28℄. Here a speial emphasis is given to the still unknown in-teration of protons with the �0 meson, whih an not be studied diretly inthe elasti �0-proton sattering, due to the short life time of this meson. Thisissue will be disussed in the next setion where the qualitative phenomeno-logial analysis will be presented whih results in the rough estimation ofan upper limit for the proton-�0 sattering length. In the third setion pre-liminary results onerning the studies of the open strangeness produtionvia the pp ! ppK+K� reation lose to the prodution threshold will beoverviewed.Sine the subjet of this report overs only a part of the COSY�11 ativ-ity the interested reader is enouraged for further reading of an unexpetedlarge di�erene, observed reently, in the lose-to-threshold K+ meson pro-dution depending whether it is assoiated with a �0 or a � hyperon [29�31℄.2. S-wave proton-�0 interationTrying to ompare the total ross setion for the lose-to-threshold pro-dution of di�erent mesons one has to �nd an appropriate kinematial vari-able. Usually, the total ross setion is presented as a funtion of the di-mensionless parameter �M [1, 2, 32℄ 1, whih is de�ned as the maximumenter-of-mass meson momentum in units of meson mass (�M = qmaxM ), oras a funtion of the exess energy Q [6, 8, 10℄.In �gure 1(a) the total ross setions for the reations pp! pp�0, pp!pp�, and pp! pp�0 are ompared versus the parameter �M and in �gure 1(b)versus the exess energy. One immediately noties the qualitative di�erenebetween both representations. For example, the � meson prodution rosssetion exeeds the �0 ross setion by a fator of 2 and more using �M ,whereas the �0 meson ross setion is always larger than the � one when theQ sale is employed. To �nd a proper variable for the omparison of the rosssetions for mesons of signi�antly di�erent masses we reall a de�nition ofthe total ross setion, whih is just the integral over phase spae of thesquared transition matrix element normalized to the inoming �ux fator F :�pp!ppX = 1F Z dVps jMpp!ppX j2; (1)whereX stands for the �0; � or �0 meson, Vps denotes the phase spae volume,and F=2(2�)5qs(s� 4m2p) [33℄, with s being the square of the total energyin the enter-of-mass frame.1 In order to avoid ambiguities with the abbreviation for the eta-meson, we introduean additional su�x M for this parameter, whih usually is alled � only.
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Fig. 1. Total ross setions for the reations pp! pp�0 (diamonds [1�3℄), pp! pp�(squares [4, 6�8, 10℄), and pp ! pp�0 (irles [9�11℄, triangle [12℄): (a) versusthe maximum enter-of-mass meson momentum normalized to the meson mass�M , and (b) as a funtion of the exess energy Q. The �lled squares and irlesindiate reent COSY�11 results [4, 9℄, and the �lled triangle was reported on thisonferene [12℄.This de�nition suggests that a natural variable for omparing the totalross setions for di�erent mesons may be the volume of available phasespae [28℄. Note that in ase of the same dynamis (transition matrix ele-ment) for the prodution of two di�erent mesons we would obtain identialvalues for the total ross setion as a funtion of Vps independently from theprodued meson masses, whih would not be the ase when the variables �Mor Q would have been employed.Now, in order to study the proton-�0 interation we will employ twoassumptions [28℄, whih were lively disussed during this onferene [34�37℄:



2280 P. Moskal et al.1. In analogy with the Watson�Migdal approximation [38℄ for two bodyproesses, we will assume that the omplete transition amplitude fora prodution proess Mpp!ppX fatorizes approximately as:jMpp!ppX j2 � jM0j2 � jMFSIj2 � ISI ;where M0 represents the total prodution amplitude, MFSI desribesthe elasti interation among partiles in the exit hannel, and ISIdenotes the redution fator due to the interation of the ollidingprotons. This fatorization, however, is valid only as long as the energydependene of the total ross setion is onsidered [35�37℄;2. we will assume also that in the exit hannel only the proton-protoninteration is signi�ant (jMFSIj2 = jMpp!ppj2).
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Fig. 2. The ratios of (a) jM�0 j=jM�00 j and (b) jM�00 j=jM�00 j extrated from the data,assuming the pp-FSI enhanement fator of referenes [17, 40℄.



Proton�Proton Collisions at Prodution Thresholds 2281These two assumptions enable us to derive from the measured ross se-tions the phase spae dependene of jM�00 j2, jM�0 j2, and jM�00 j2 [28, 39℄,sine the Mpp!pp amplitude is known and the ISI fator an be alulatedaording to the formula from referene [37℄. However, there is no unequiv-oal desription for the jMpp!ppj2 enhanement fator [28℄. Therefore, tominimize ambiguities resulting from this unertainties, we onsider the ratiosjM�0 j=jM�00 j and jM�00 j=jM�00 j [28℄, whih normalize the transition amplitudefor � and �0 to the one for �0 prodution jM�00 j. This should be independentof the model used for the determination of jMpp!ppj2, and will allow an esti-mate of the relative strength of the �0-proton and �(�0)-proton interations.Indeed, we examined that within the errors the ratio jM�(�0)0 j=jM�00 j doesnot depend on the model used for jMpp!ppj2. As an example, in �gure 2we show this ratio as obtained from the amplitude jMpp!ppj2 taken fromreferenes [17, 40℄. Figure 2(a) shows an inreasing strength of jM0j for the� prodution at low Vps, indiating a strong �-proton FSI, as was disussedpreviously for the ross setion ratio by Calén et al. [6℄. Note also thatthe ratio for the �0 meson is onstant over the phase spae range onsidered(�gure 2(b)). This observation, and the fat that theoretial alulationspredit the primary prodution amplitude to be onstant within a few perent [23, 25℄ independently from the mehanism assumed, allows us to on-lude that the �0-proton sattering parameters are in the order of, or smallerthan, the proton-�0 ones.3. Kaon and antikaon produtionTwo years ago at the MESON'98 we presented upper limits for the totalross setion of the pp ! ppK+K� reation [41℄. At present due to thegained statistis and the understanding of the bakground we are pleasedto present an absolute value for the total ross setion at an exess energyof Q = 17 MeV. The primordial motivation for studying this reation waspresented already ten years ago at this onferene hall by Oelert [42℄. Itonerns the study of the K+K� interation and the investigation of thestruture of the f0(980) meson, whih is still disussed to be either the usualq�q, the exoti state qq�q�q or a strongly bound K �K moleule.In order to identify this reation the four-momentum vetors for threepositively harged partiles are determined [44℄. Figure 3 shows the pres-eleted data where two of the positively harged partiles are identi�ed asprotons. On the vertial axis the measured mass of the third registered par-tile is plotted as a funtion of the mass of an unobserved system. In the aseof the pp! ppK+K� reation both the invariant mass of the third partileand the missing mass � with respet to the identi�ed (ppK+) subsystem �should orrespond to the mass of the kaon. At this level of analysis the groupof events orresponding to the pp! ppK+K� reation an be reognized.



2282 P. Moskal et al.

0.05 0.1 0.15 0.2 0.25

Missing Mass2 (ppK+)  [GeV2/c4]

In
va

ri
an

t M
as

s2  (
X

+
) 

 [
G

eV
2
/c

4
]

0.

0.1

0.2

0.3

0.4

-0.1

m
2
(K

- )

m2(K+)

m2(π+)

Fig. 3. Results of the preliminary analysis [43℄: Invariant mass of one out of threepositively harged partiles whih was not identi�ed as a proton versus the missingmass of an assumed (ppK+)-subsystem. The shaded areas, entered around themass of the kaon, indiate three standard deviations of the experimental resolution.
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Fig. 4. Result of a preliminary analysis [43℄: missing mass with respet to anidenti�ed (ppK+)-subsystem as measured at exess energy of Q = 17 MeV.



Proton�Proton Collisions at Prodution Thresholds 2283The projetion of events ontained in the horizontal shaded area ontothe missing mass axis reveals a lear signal originating from the K+K�meson pair prodution, as presented in �gure 4. The muh broader stru-ture seen on the left side of the peak is due to the K+ meson produ-tion assoiated with the hyperon resonanes �(1405) or �(1385) (eg.pp ! pK+�(1405) ! pK+�� ! pK+�� ! pK+p��). In this asethe missing mass of the ppK+ system orresponds to the invariant massof the (��) subsystem. Demanding an additional signal in a silion paddetetor [45℄ at the position expeted for the K� meson the bakgroundis redued by more than one order of magnitude [43℄. This additional re-quirement diminishes the signal from the pp ! ppK+K� by about 50 %only [43℄, whih is understood by the deay of the K� meson on its way tothe dediated silion detetor.The preliminary analysis of the data taken at the exess energy of Q =17 MeV results in a ross setion value of 2.1 � 0.8 nb [43,44,46,47℄. Whenompared to the value 200 � 11 � 80 nb determined at Q = 111 MeV [48℄,one observes that the ross setion for the prodution of the K� meson inthe elementary proton-proton ollisions inreases muh stronger than theorresponding one for the K+ [30, 49℄ meson.REFERENCES[1℄ A. Bondar et al., Phys. Lett. B356, 8 (1995).[2℄ H. O. Meyer et al., Nul. Phys. A539, 633 (1992).[3℄ H. O. Meyer et al., Phys. Rev. Lett. 65, 2846 (1990).[4℄ J. Smyrski et al., Phys. Lett. B474, 182 (2000).[5℄ H. Calén et al., Phys. Rev. Lett. 79, 2642 (1997).[6℄ H. Calén et al., Phys. Lett. B366, 39 (1996).[7℄ E. Chiavassa et al., Phys. Lett. B322, 270 (1994).[8℄ A. M. Bergdolt et al., Phys. Rev. D 48, R2969 (1993).[9℄ P. Moskal et al., Phys. Lett. B474, 416 (2000).[10℄ F. Hibou et al., Phys. Lett. B438, 41 (1998).[11℄ P. Moskal et al., Phys. Rev. Lett. 80, 3202 (1998).[12℄ P. Salabura et al., Ata Phys. Pol. B31, 2419 (2000).[13℄ C. Wilkin, Proeedings of the 8th International Conferene on the Strutureof Baryons (Baryons 98), World Sienti�, 1999, p. 505, nul-th/9810047.[14℄ V. Bernard, N. Kaiser, Ulf-G. Meiÿner, Eur. Phys. J. A4, 259 (1999).[15℄ E. Hernández, E. Oset, Phys. Rev. C60, 025204 (1999).[16℄ C. Hanhart et al., Phys. Lett. B444, 25 (1998).[17℄ R. Shyam, U. Mosel, Phys. Lett. B426, 1 (1998).
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