Hyperon and Kaon{Antikaon Production in Proton{Proton Scattering Close to Threshold at the COSY{11 Facility

M. Wolke^a for the COSY–11 Collaboration

aInstitut für Kernphysik, Forschungszentrum Jülich, D–52425 Jülich, Germany

In exclusive production of hyperons via the pp → pK^+Λ/Σ^0 channels the Λ to Σ^0 production ratio at low (Q ≤ 13 MeV) and equal excess energies is enhanced by an order of magnitude compared to the high energy regime (Q ≥ 300 MeV). Data on low excess energy Σ^0 production and preliminary results on the energy dependence of the Λ/Σ^0 ratio are shown and physics implications of the observed suppression are discussed.

In studies of the strangeness dissociation to charged kaon–antikaon pairs via pp → ppK^+K� a first total cross section value at an excess energy of 17 MeV, i.e. below the Φ production threshold, is presented.

1. THE Λ/Σ^0 PRODUCTION RATIO CLOSE TO THRESHOLD

The production of Λ and Σ^0 hyperons has been compared via the associated strangeness production channels pp → pK^+Λ/Σ^0 exclusively at the COSY–11 facility [1,2] at COSY Jülich [3,4]. The striking feature of the cross section data [5–7] taken at excess energy pairs (Q_{pK}+_Λ = Q_{pK}+_Σ ≤ 13 MeV) is the suppression of the Σ^0 signal with σ ı pp → pK^+Λ ȷ /σ ı pp → pK^+Σ^0 ȷ = 28^{+6}�_9, (1)

while at higher energies (Q ≥ 300 MeV) this ratio is known to be about 2.5 [8].

At an excess energy of 170 MeV inclusive K^+ production data in proton–proton scattering show enhancements at the Λp and ΣN mass of similar magnitude [9]. Thus, qualitatively, effects of a strong ΣN → Λp final state conversion, which are known for example from fully constrained K�d → π�pΛ data at rest [10], might account for both the inclusive SPES4 data as well as the depletion of the Σ^0 signal in the COSY–11 measurements.

In a microscopic approach within the framework of the Jülich meson exchange model, calculations considering both π and K exchange as well as rigorously treating possible FSI effects in a coupled channel approach, a final state conversion is concluded to be of minor importance for the observed cross section ratio [11]. While Λ production is found to be dominated by K exchange — experimentally confirmed at higher excess energies (Q = 430 MeV) from exclusive polarization transfer measurements at SATURNE [12] — both π and K exchange graphs turn out to contribute to Σ^0 production with similar strength. In result of these exploratory calculations, only a destructive interference of the π and K exchange diagrams might explain the enhancement of the Λ/Σ^0 production ratio close to threshold.

It should be noted, that the experimental data are reproduced within a factor of two by recent calculations within boson exchange models considering π and K exchange or meson exchanges and the virtual excitation of baryon resonances [13,14].

The same holds for calculations by Laget considering one boson exchange as well as nucleon–hyperon final state effects [15]. Both the inclusive SPES4 data [9] and the polarization transfer measurements [12] are well reproduced by this model at the same time.

Studies on the energy dependence of the Λ/Σ^0 production ratio have been extended at the COSY–11 facility to cover the energy range up to excess energies of 60 MeV. Although data analysis is still in progress, preliminary values are shown in figure 1 together with the earlier result obtained close to threshold [7].

Figure 1. Energy dependence of the Λ/Σ^0 total cross section ratio. The shaded area denotes the close–to–threshold ratio (1) from [7], including measurements up to Q ≤ 13 MeV (solid error bars). Additional preliminary data are marked by dash–dotted and dotted error bars corresponding to preliminary and final luminosity determination, respectively. Arrows indicate further data recently taken at the COSY–11 facility.

So far, only for the preliminary result at Q = 20 MeV, the luminosity has been determined accurately, indicating the size of the error bars to be expected in the final analysis at the other excess energies. At this stage of analysis, the result obtained at 60 MeV exceeds the Λ/Σ^0 ratio at high energies by a factor of three. However, the ratio’s strong decline seems to be located in the range of 10 MeV − 20 MeV above the hyperon production thresholds. Further statistics have been added in July 2000, thus the final precision for the Λ/Σ^0 production ratio in the near future from the COSY–11 data set will be in the order of 10 − 15 %. Unless the reaction mechanism changes, these data might provide a sensitive testing ground especially for the off–shell properties of microscopic hyperon–nucleon models [11].

2. EXCLUSIVE KAON–ANTIKAON PRODUCTION AT COSY–11

Studies on the reaction pp → ppK^+K� close to threshold have been motivated by the continuing discussion on the nature of the scalar resonances f_0 (980) and a_0 (980), which have been interpreted as conventional qq states [16], two–quark–two–antiquark states [17], or as KK molecules [18,19]. Within the Jülich meson exchange model for ππ and πη scattering the KK interaction dominated by vector meson exchange gives rise to a bound state in the isoscalar sector identified with the f_0 (980) [20]. Both shape and absolute scale of ππ → KK transitions crucially depend on the strength of the KK interaction, which, in turn, is a prerequisite of a KK molecule interpretation of the f_0 (980). Similar effects might be expected for the elementary kaon–antikaon production in proton–proton scattering, although no microscopic calculations are presently available.

Figure 2. Missing mass distribution with respect to an identified (ppK^+) subsystem at an excess energy of 17 MeV above the pp → ppK^+K� production threshold without (a) and with (b) K� detection.

From the measured complete four–momentum vector information of positively charged ejectiles, the missing mass distribution with respect to an identified (ppK^+) subsystem is shown in figure 2a. A sharp peak at the charged kaon mass with a resolution (FWHM) of ≈ 2 MeV/c^2 is clearly separated from a broad background structure between 0.3 and 0.5 GeV/c^2 superimposed on a small continuous background. At least the broad structure is explained by the excitation of the hyperon resonances Λ (1405) and/or Σ (1385): One of the identified protons may originate from the decay of the originally produced resonance Y via pp → pK^+Y → pK^+pX, with X denoting a system of one or more undetected particles. In consequence, the missing mass is shifted to values too low for a (ppK^+K�) interpretation. Qualitatively, the structure is well reproduced in Monte Carlo simulations.

In addition, a K� consistent hit in the dedicated part of the detection system is required in figure 2b: While the background is effectively suppressed, the signal at the charged kaon mass remains, giving additional and independent proof of a background free identification of the ppK^+K� final state. Quantitatively, the number of events in figure 2b is in very good agreement with expectations taking into account acceptance and kaon decay.

In result, a total cross section value for the reaction pp → ppK^+K� has been extracted at an excess energy of Q = 17 MeV (p_{beam} = 3.356 GeV/c)

σpp!ppK^+ K^{� (Q = 17 MeV) = 1.87 ± 0.28 +0.28}�0.36^{nb, (2)}

taking into account both statistical and systematical errors [21].

For the first time, the scale of the exclusive K^+K� production in proton–proton scattering is fixed by this value for the total cross section at excess energies below the Φ production threshold (see also [22]). Compared to K^+ production via pp → pK^+Λ [5–7] the elementary K� production appears to be suppressed by two orders of magnitude.

In the near future, the energy dependence of the pp → ppK^+K� total cross section will be studied at the COSY–11 facility by measurements at two execess energies below and above the present value of 17 MeV, respectively, to investigate possible deviations from the expected phase space behaviour modified by proton–proton and, eventually, KK final state interactions.

REFERENCES

1. S. Brauksiepe et al., Nucl. Instr. & Meth. A 376 (1996) 397. 2. M. Wolke, Nucl. Phys. News 10 (2000) 20.

3. R. Maier, Nucl. Instr. & Meth. A 390 (1997) 1; Nucl. Phys. News 7 (1997) 5. 4. K. Kilian, proceedings of this conference. 5. J.T. Balewski et al., Phys. Lett. B 388 (1996) 859. 6. J.T. Balewski et al., Phys. Lett. B 420 (1998) 211. 7. S. Sewerin, G. Schepers et al., Phys. Rev. Lett. 83 (1999) 682. 8. V. Flaminio et al., Compilation of Cross Sections, CERN HERA 84–01 (1984). 9. R. Siebert et al., Nucl. Phys. A 567 (1994) 819. 10. T.H. Tan, Phys. Rev. Lett. 23 (1969) 395. 11. A. Gasparian et al., Phys. Lett. B 480 (2000) 273. 12. F. Balestra et al., Phys. Rev. Lett. 83 (1999) 1534. 13. A. Sibirtsev et al., e–Print Archive nucl–th/0004022 (2000). 14. R. Shyam, G. Penner, U. Mosel, e–Print Archive nucl–th/0010102 (2000). 15. J.M. Laget, proceedings of this conference.

16. D. Morgan and M.R. Pennington, Phys. Rev. D 48 (1993) 1185. 17. R.L. Jaffe, Phys. Rev. D 15 (1977) 267.

18. J. Weinstein and N. Isgur, Phys. Rev. D 41 (1990) 2236. 19. D. Lohse, J.W. Durso, K. Holinde, J. Speth, Nucl. Phys. A 516 (1990) 513. 20. O. Krehl, R. Rapp, J. Speth, Phys. Lett. B 390 (1997) 23.

21. C. Quentmeier, PhD thesis (in preparation), Westf. Wilhelms–Universität Münster. 22. J. Ritman, proceedings of this conference.