arXiv:hep-ex/0411064 v1 20 Nov 2004

Open strangeness threshold production at COSY-11

P. Winter, for the COSY-11 collaboration

IKP, Forschungszentrum Jülich, D-52425 Jülich, Germany

Abstract. The open strangeness production near threshold is investigated at the internal experiment COSY-11 in different reaction channels. Recently, the main focus has been to extend measurements of the hyperon production pp → pK^+Λ/Σ^0 in different isospin channels as well as the associated strangeness production in pp → ppK^+K^−. The experimental technique is based on the reconstruction of the four momentum for all positively charged ejectiles. Neutrons are detected in addition using a neutral particle detector. The unregistered hyperon or meson is identified by means of the missing mass technique. The present status of the analysis for both reaction channels is presented. In case of the reaction pp → ppK^+K^−, very preliminary cross sections are shown.

EXPERIMENTAL TECHNIQUE

The magnetic spectrometer COSY-11 [1] at the COoler SYnchrotron COSY [2] is shown in its principal layout in figure 1. The reaction takes place in a cluster target mounted

FIGURE 1. Schematic view of the COSY-11 setup for an exemplary event in pp → ppK^+K^−, where the kaon decays before reaching the stop scintillator S3. The not shown cluster target is located in front of the left dipole magnet.

in front of one of the ring dipoles and is operated with hydrogen or deuterium. The positively charged ejectiles are bent to the interior of the ring and their four momenta are reconstructed using the information of a set of drift chambers and a subsequent time of flight measurement. The K^− for the pp → ppK^+K^−reaction is then identified via the missing mass method. In case of pp → nK^+Σ^+, additionally the neutron is detected in a lead-scintillator arrangement and the unregistered Σ^+ is again deduced from the missing mass technique. Details on the explicit experimental technique and the analysis can be found elsewhere [1, 3].

HYPERON PRODUCTION

Close-to-threshold production data [4, 5, 6] in pp → pK^+Λ/Σ^0 revealed a cross section ratio R = σ_{tot} (Λ)/σ_{tot} (Σ^0) ≈ 28 exceeding that at high energies by an order of magnitude. Different models [7, 8, 9] within the framework of one-boson exchange do not reproduce the energy dependence too well. In order to have further constraints to the theoretical descriptions, the COSY-11 collaboration collected new data in the different isospin channel pp → nK^+Σ^+ at Q = 13 and 60 MeV.

FIGURE 2. Left: Squared missing mass spectrum for the nK^+-system. Monte Carlo simulations for the main background channels pp → pK^+Λ and pp → pK^+Λγ are shown by the dotted curves. Right: Subtraction of the background Monte Carlo spectra from the data.

For now, a missing mass spectrum for the lower excess energy with respect to the nK^+-system was elaborated [10] and is presented in figure 2 left side. The dominant background channels were identified to be pp → pK^+Λ and pp → pK^+Λγ. This background was subtracted from the data (right plot in fig. 2). Therefore, the known cross section for pp → pK^+Λ was incorporated and then the pp → pK^+Λγ channel was fitted such that the experimental missing mass spectrum below 1.3 GeV^2/c^4 was reproduced. Although a peak around the Σ^+ mass is seen, a lot more studies have to be performed before conclusive results on the cross section will be drawn.

ELEMENTARY KAON PRODUCTION

Exclusive data on the pp → ppK^+K^− reaction have been taken at COSY-11 at several excess energies motivated by the ongoing discussion about the nature of the scalar resonances a_0 and f_0. Besides the interpretation as a qq̄ state [11], these resonances are also proposed to be qqq̄q̄ states [12], KK̄ molecules [13, 14], a hybrid qq̄/meson-meson system [15] or even quarkless gluonic hadrons [16]. In addition, final state interaction effects occur – if existent – strongly at low excess energies. Therefore, the elementary production process is a good tool to learn more about a possible pK^− FSI or additional degrees of freedom in this four body final state.

A first total cross section σ = 1.80 ± 0.27^{+0.28}_{−0.35} nb for the excess energy Q = 17 MeV was determined in a former measurment at COSY-11 [17] while further data at two other Q-values of 10 and 28 MeV were taken. After the identification of two protons and a K^+, a clear signal in the missing mass spectrum at the kaon mass is observed for both energies (as an example at Q = 28 MeV see figure 3). Here, a hit in a scintillator mounted inside the dipole gap, where the K^− is going to, was required. There is no doubt that the

FIGURE 3. Left: Missing mass of the ppK^+-system with an additional demand for a hit in the dipole scintillator. Right: Excitation function of the total cross section for pp → ppK^+K^−. New data at Q = 10 and 28 MeV are preliminary and include only statistical errors so far.

background will be described by the hyperon channels pp → pK^+Λ(1405)/Σ(1385) and some misidentified pions like it was shown in the case of the data at Q = 17 MeV. Therefore, the full analysis (for details see [17]) will most likely give also for the new data sets a background free missing mass spectrum. Within the near future, the final cross sections will be extracted. This however requires much deeper studies of the detection efficiency.

REFERENCES

1. Brauksiepe, S., et al., Nucl. Instr. & Meth., A 376, 397–410 (1996). 2. Maier, R., Nucl. Instr. & Meth., A 390, 1–8 (1997). 3. Moskal, P., et al., Nucl. Instr. & Meth., A 466, 448–455 (2001). 4. Balewski, J. T., et al., Phys. Lett., B 420, 211–216 (1998). 5. Sewerin, S., et al., Phys. Rev. Lett., 83, 682–685 (1999). 6. Kowina, P., et al., Eur. Phys. J. A in print (2004), nucl-ex/0402008. 7. Gasparian, A., et al., Phys. Lett., B 480, 273–279 (2000). 8. Shyam, R. (2004), hep-ph/0406297.

9. Sibirtsev, A., Cassing, W., and Ko, C. M., Z. Phys., A 358, 101–106 (1997). 10. Rozek, T., et al. (2004), nucl-ex/0407024.

11. Morgan, D., and Pennington, M. R., Phys. Rev., D 48, 1185–1204 (1993). 12. Jaffe, R. L., Phys. Rev., D 15, 267 (1977).

13. Weinstein, J. D., and Isgur, N., Phys. Rev., D 41, 2236–2257 (1990). 14. Lohse, D., Durso, J. W., Holinde, K., and Speth, J., Nucl. Phys., A 516, 513–548 (1990). 15. Van Beveren, E., et al., Z. Phys., C 30, 615–620 (1986). 16. Jaffe, R. L., and Johnson, K., Phys. Lett., B 60, 201 (1976). 17. Quentmeier, C., et al., Phys. Lett., B 515, 276–282 (2001).