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MEASUREMENT OF THE � PRODUCTION INPROTON PROTON COLLISIONS WITH THE COSYTIME OF FLIGHT SPECTROMETER�E. Roderburgefor the COSY-TOF CollaborationS. Abd El-Samade, R. Bilgerh, K.-Th. Brinkmann, H. ClementhS. Dshemuhadsef , H. Dutzb, W. Eyrihd, A. ErhardthC. Fanarag, D. Filgese, A. Filippig, H. Freiesleben, M. FritshdR. Geyere, D. Hesselbarthe, A. Hassane, J. Hauffed, B. JakobL. Karsh, K. Kiliane, H. Koha, J. Kreÿh, E. KuhlmannS. Marellog, S. Marwinskie, S. Mauroa, W. Meyera, K. MöllerfH.P. Morshe, L. Naumannf , K. Nünighoffe, N. PauleM. Rihter, M. Roggee, A. Shamlottf , M. ShmitzeP. Shönmeier, M. Shulte-Wissermann, W. ShroederdT. Sefzike, F. Stinzingd, G.Y. Sun, G.J. Wagnerh, M. WagnerdA. Wilmsa, S. Wirthd, and P. ZupranskiiaUniversity of Bohum, Germany, bUniversity of Bonn, GermanyTehnial University of Dresden, Germany, dUniversity of Erlangen, GermanyeIKP-FZ Jülih, Germany, fFZ Rossendorf, Germany, gINFN Torino, ItalyhUniversity of Tübingen, Germany, iUniversity of Warsaw, Poland(Reeived July 13, 2000)The reation pp ! pp � was measured at exess energies of 15 and 50MeV at an external beam-line of COSY with the Time of Flight Spetrom-eter. During one week of beam-time about 5000 events were measured foreah exess energy. Both reation protons of the proess pp � are detetedwith an aeptane of nearly 100% and the � is reonstruted by the miss-ing mass tehnique. In a �rst step one third of the 15 MeV exess energyevents are evaluated and examined with respet to di�erential values ofwhih preliminary distributions are presented.PACS numbers: 13.60.Le� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2299)



2300 E. Roderburg et al.1. IntrodutionThe � prodution in pp ollisions has been intensively studied in the lastyears [1�6℄. The prodution mehanism seems to be dominated by the exi-tation and deay of the S11(1535) resonane whih overs the � N thresholdwith its deay width. The existene of diret � prodution near threshold orthe in�uene of other nuleon resonanes (e.g. N(1440), N(1700)) is still notproven, but a measurement from PROMICE/WASA [5℄ shows that even at16 MeV exess energy there are higher momenta than s waves involved. Asthe � is the lightest meson ontaining ss quarks the question of diret pro-dution hannels is interesting beause it may be onneted to the possibless ontents of the proton. 2. ExperimentThe external proton beam with a diameter of 1�2mm impinges on a4mm thik liquid hydrogen target enlosed with plasti foils of only 0.9�mthikness. The start and stop ounters are built symmetrially in respet tothe azimuthal angle with holes for the beam, so only reation partiles arehitting the ounters; the beam halo is vetoed by a sintillator with a holeof 2mm diameter. All partile traks and the beam are fed through vauumin order to minimize multiple sattering and seondary reations (Fig. 1).The high granularity of the stop sintillators results in a resolution for the

Fig. 1. The experimental set up of the COSY-TOF detetor.



Measurement of the � Prodution in Proton Proton Collisions . . . 2301azimuthal angle of 2Æ�4Æ and for the sattering angle of typially 0:5Æ. Theaeptane for harged partiles in ' is 100%, for � it ranges from 0:8Æ�75Æ.The time of �ight is measured with a resolution of � =250ps whih is 1% ofthe typial time of �ight for protons of this reation.3. Data analysisIn the �rst step the � is reonstruted only from the traks of both pro-tons and the harged deays are disarded. For eah trak the momentum isalulated from the time of �ight and the measured diretions, the mass ofthe proton is assumed. The missing mass is alulated by applying momen-tum and energy onservation. Pion traks lead to negative squared missingmasses when the mass of the proton is assumed. Near the maximum ofexess energy whih orresponds to a missing mass of 562 MeV/2 only pp �and multi-pion prodution (ppn�) events are ontributing to the missingmass distribution (Fig. 2). The width of the � signal in the data is 1.2%(FWHM).

Fig. 2. The missing mass distribution for the exess energy of 15 MeV. Left �gure:raw data. The lines are indiating the uts for � events and for bakground events.Right �gure: missing mass resolution from Monte Carlo alulations.The .m. momenta of the three ejetile partiles are de�ning a plane(�ejetile-plane�); the normal vetor to this plane an be alulated from~p :m:3 � ~p :m:4 ( ~p :m:i are the .m. momenta of the reation protons). Theangle between this vetor and the beam axis gives in one limit the ejetileplane perpendiular to the beam axis (os(�) = �1), in the other limitthe beam axis lies within this plane (os(�) = 0). Due to the ompletemeasurement of both proton traks the distribution of os(�) an be deduedfrom the data.



2302 E. Roderburg et al.4. ResultsThe distribution of the orientation of the ejetile plane for the � events isgiven in Fig. 3. For the pp � reation the ejetile plane has a high probabilityto be perpendiular to the beam axis whereas the bakground reations aretending to lay together with the beam diretion in one plane.

Fig. 3. Left �gure: the distribution of the diretion of the ejetile plane for pp �events (the uts are de�ned in Fig. 2). The raw data are normalized with MonteCarlo events. Right �gure: the same distribution for bakground events. The�gures are symmetrized by exhanging the sequene of the sattered protons in thealulations and �lling both solutions. For ollinear proton traks the orientationof the plane annot be determined, these events are sorted to os(�) = 0.

Fig. 4. Left �gure: the Dalitz plot for the proton � system. The protons are sorteddue to their magnitude of .m. momentum. Only raw data are plotted with utsto the � mass as indiated in Fig. 2. Right �gure: Monte Carlo Data with the sameut on the � mass.



Measurement of the � Prodution in Proton Proton Collisions . . . 2303The Dalitz plot is shown in Fig. 4. The raw data (with the ut on the �mass) are ompared with the Monte Carlo data. Due to the high aeptanethe Monte Carlo Data show a nearly �at distribution. The raw data exhibita strong peak in the range of low proton�proton relative momenta due tothe pp �nal state interation. REFERENCES[1℄ A.M. Bergdolt et al., Phys. Rev. D48, 2969 (1993).[2℄ E. Chiavassa et al., Phys. Lett. B322, 270 (1994).[3℄ H. Calén et al., Phys. Lett. B366, 39 (1996).[4℄ F. Hibou et al., Phys. Lett. B438, 41 (1998).[5℄ H. Calén et al., Phys. Lett. B458, 190 (1999).[6℄ J. Smyrski et al., Phys. Lett. B474, 182 (2000).


