Appendix A: Status of the data analysis

In Jan./Febr. 2001 the production of scalar mesons in proton-proton collisions was investigated for the first time at ANKE during a two-weeks beam time. As described in proposal #55.1, deuteron-kaon (deuteron-pion) pairs produced in pp → dK^+X(dπ^+X) reactions at a beam energy of T = 2.65 GeV were detected. The kaons were identified in dedicated range telescopes which offer an excellent kaon-vs.-background discrimination [1, 2]. This allows to unambiguously identify the events with K^+-mesons in the exit channel. The pions were detected in so-called side-wall counters where only the time-of-flight information can be used for particle identification. The momenta of both, kaons and pions, can be deduced from the information of the two MWPC’s positioned at the side of the spectrometer dipole D2 [1, 3]. The coincident fast deuterons (p_d ∼ 2.1 GeV/c) are detected in the ANKE forward-detection system consisting of scintillation counters for TOF measurements and three MWPC’s for momentum reconstruction. In Fig. 1 missing-mass distributions (calculated from the measured momenta of the K^+, π^+ and d) for the pp → dK^+X and dπ^+X events are presented.

Figure 1: Missing-mass spectra for the reactions p(2.65 GeV )p → dK^+X (upper) and → dπ^+X (lower). The distributions are not yet corrected for the detection efficiencies. The events shown in the upper (lower) spectra correspond to a measuring time of approx. 5 (3.5) days.

The upper left spectrum of Fig. 1 shows the missing mass of the detected dK^+-pairs. Due to charge and strangeness conservation, at T = 2.65 GeV the remaining particle X must be a K^0. As expected for such pp → dK^+K^0 events, the measured dK^+ missing-mass distribution peaks at m = m_K0 = 498 MeV/c^2. The corresponding mass distribution of the two kaons (i.e. deuteron missing mass) is shown on the upper right spectrum of Fig. 1. Both distributions are free of background from misidentified particles, see also discussion in Appendix B. At T_p = 2.65 GeV the available phase space of the two kaons extends from m_{min} = m_K+ + m_K0 = 992 MeV/c^2 to m_{max} = 1038 MeV/c^2 which is small compared to the expected width of the a^+_0 , Γ_a ∼ 50−100 MeV/c^2[4], if produced at large energies. Figure 2 shows the predicted a^+_0 mass distributions for the two observed decay channels and T = 2.65 GeV. For the calculations a total width of Γ_a+_0 = 70 MeV has been used. The apparently smaller widths in the spectra of Fig. 2 are due to the limited available phase space at T = 2.65 GeV and the dominance of P -wave a^+_0 -production close to threshold [5].

Figure 2: Expected a^+_0 mass distributions for the two main decay channels a^+_0 → K^+K^0 (solid line) and π^+η (dashed). The calculations were performed using the model described in [5].

The main goal of this measurement with ANKE is to extract from the data information about possible resonant K^+K^0(π^+η)-production, e.g. via the scalar meson a^+_0 (980). This part of the analysis is still in progress and will be based on the analysis of acceptance corrected missing-mass and angular distributions as well as of Dalitz plots. Certainly, the interpretation of the peak in the K^+K^0- mass spectrum of Fig. 1 will to some extend be model dependent (see e.g. [5, 6] for an overview over different models and their predictions for different mass distributions). At the current stage of the analysis it can already be stated that i) there is a good agreement between the measured and predicted [5, 6] K^+K^0-mass distributions and ii) additional data taken at larger beam energies would make the interpretation of the observed peaks easier since a wider mass range of the a^+_0 -resonance could be covered. In particular, the mass distribution of (possible) non-resonant → K^+K^0 pairs should differ significantly from kaons produced via the a^+_0 (980) resonance [5], although it is expected that such background is negligible in our data, see [5, 7] and discussion in Appendix B. Furthermore, the measurement of the a^+_0 excitation function may further help to obtain information about the width of this resonance [8].

The lower spectra of Fig. 1 show the missing-mass distributions for dπ^+ coincidences. In contrast to the background free spectra in case of K^+-production, the expected peak from the missing η-meson sits on a huge background from, e.g., multi-pion production. Nevertheless, a peaking of the deuteron missing mass around 980 MeV/c^2 is clearly visible. The width of this peak, Γ ∼ 40 MeV/c^2 is in good agreement with the prediction from Fig.2. It is expected that from these data the cross section for the reaction pp → da^+_0 → dπ^+η can be extracted. As for the case of the a^+_0 → K^+K^0 decay, it would clearly be advantageous to obtain data at larger beam energies since background subtraction will be easier.

In summary, the following results can be expected from the data shown above:

• The total cross sections for the reactions p(2.65 GeV )p → da^+_0 (980) → dK^+K^0 and → dπ^+η can be determined. For the former decay channel theoretical considerations about the strength of non-resonant kaon production will be part of the analysis.

• Missing-mass and angular distributions of the produced K^+K^0- and π^+ηpairs can be obtained and compared with the predictions from different models. The location and width of the resonance at m = 980 MeV/c^2 can be determined.

• The branching ratio of the two main decay channels a^+_0 → K^+K^0/π^+η can be extracted from the data.

• The K^0d missing-mass distribution will allow to draw conclusions about the K^0d FSI (see, e.g., [6]).

As a “by-product” of the a^+_0 beam time also coincident K^+p events were recorded. Figure 3 shows the missing-mass distributions for these data. Two peaks at m_Y ∼ 1.12 and ∼ 1.20 GeV/c^2 can clearly be seen. The left-hand spectrum in Fig. 3 shows the result of a simulation calculation for the production of Λ(1116) and Σ(1193)-hyperons and the detection of their decay products with ANKE. A cross section ratio of σ_Λ/σ_Σ = 6.6 yields the best agreement between simulation and data. This cross-section ratio is in good agreement with results from other measurements at comparable energies [9].

The right-hand histogram in Fig. 3 shows the K^+p missing-mass distribution if the coincidence with an additional π^+-meson is demanded. Thus events of the type pp → pK^+Y_1(→ π^+Y_2) can be selected. The remaining distribution shows two peaks around m_{Y1} ∼ 1.40 and ∼ 1.44 GeV/c^2. According to our simulations the broader peak can be attributed to the production of Σ(1385) and Λ(1405)-hyperons. The best agreement between the simulations and the measured distribution can be achieved for cross-section ratios of σ_Σ(1385) = σ_Λ(1116)/35 and σ_Λ(1405) = σ_Λ(1116)/55. The second, narrower, peak may be an indication for the production of Σ(1480)-hyperons. Since the maximum mass which can be produced at a beam energy of T_p = 2.65 GeV is m_Y ∼ 1.48 GeV/c^2, only the low-mass tail of the distribution can be seen in the data. In order to obtain more information about the Σ(1480) further measurements at increased beam energy are needed.

Figure 3: K^+p missing-mass spectra for the reaction p(2.65 GeV )p → pK^+Y . The left-hand side shows the measured distribution (shaded) in comparison with a simulation for reactions with Y = Λ(1116), Σ(1193) scaled by an arbitray factor but with σ_Λ/σ_Σ = 6.6 (dashed histogram). For the (shaded) histogram on the right-hand side a coincidence with an additional π^+-meson has been demanded. The slight shift between the simulated and measured peak positions is due a preliminary momentum calibration of the spectrometer.

Appendix B: Motivation of further measurements

It has already been indicated in Appendix A that further measurements at one or two higher beam energies in the range T = 2.7 . . .2.75 GeV would be advantageous. In the following the expected benefits of such measurements are outlined in detail.

The reaction pp → dK^+K 0 : The available phase space for the two kaons at T = 2.65 GeV extends only from m_{min} = m_K+ + m_K0 = 992 MeV/c^2 to m_{max} = 1038 MeV/c^2. A measurement at e.g. T = 2.7 (2.75) GeV would increase the upper limit to m_{max} ∼ 1054 (1070) MeV/c^2. Therefore, the mass distribution of kaon pairs produced via the a^+_0 -resonance could be studied in a wider mass range. Furthermore, possible background from misidentified or non-resonant events can be subtracted more easily which is demonstrated in Fig. 4. The solid histograms in Fig. 4 (upper part) show the reconstructed mass distributions if only very wide gates (on TOF and energy losses) are applied for kaon identification. The expected peak of the K^0 now sits on a broad background distribution but can still clearly be seen (left spectrum). In the deuteron missing-mass distribution (right) only a background distribution, peaking at ∼ 1030 MeV/c^2, is visible. There is no clear indication for a^+_0 -production. The dashed histograms (lower spectra) show the same spectra but with narrower gates for particle identification. The amount of background now is reduced to ∼ 10%, as indicated by the hatched areas. In particular for the deuteron missing-mass distribution such background can be dangerous since it is not uniformly distributed but peaked at ∼ 1030 MeV/c^2, thus distorting the reconstructed a^+_0 mass distribution. It is expected that possible background from events with correcly identified but non-resonant K^+K^0 pairs follows the same phase-space like distribution as indicated by the hatched area (r.h.s). It is obvious that such non-resonant background can be more easily rejected if the accessible mass range can be extended. The peak-

Figure 4: Missing-mass spectra for the reaction p(2.65 GeV )p → dK^+X and different cuts for K^+ (and thus K^0) identification. The hatched areas indicate the background of misidentified K^+-mesons contributing to the dashed histograms (lower spectra), see text for details. For comparison, the shaded histograms in the upper part show the background free missing-mass distributions from Fig. 1.

ing of the background is then expected at higher masses, well separated from the genuine a^+_0 distribution. For comparison, the background free distributions obtained with optimized gates from Fig. 1 (upper) are also shown. These spectra show no indication for any background, in particular no peaking at m.m.(d) ∼ 1030 MeV/c^2. This can be interpreted such that there is no (or no significant) contribution from non-resonant kaon production in our data.

The reaction pp → dπ^+η: It can be seen from the lower right spectrum of Fig. 1 that the signal from the a^+_0 -resonance is located very close to the phase-space limit at m.m.(d) ∼ 1035 MeV/c^2 and the background peak at m.m.(d) ∼ 1020 MeV/c^2. This makes the background subtraction and a comparison with predicted mass distributions, c.f. Fig. 2, rather difficult. As for the case of the a^+_0 → K^+K^0 decay channel and discussed in Fig. 4, data from measurements at larger beam energies would clearly improve the situation.

The reaction pp → pK^+Y: As already mentioned in Appendix A, a measurement at higher beam energy would also make accessible the heavy Σ(1480) hyperon. These data (K^+-p coincidences) will again be obtained as a by-product of the measurements on a^+_0 production. If these new data show that a systematical study of heavy hyperons, Σ(1385), Λ(1405) and Σ(1480), is possible at ANKE, a new proposal will be prepared and presented to one of the future sessions of the PAC.

References

[1] M. Büscher et al., NIM A, in print; available via www.fzjuelich.de/ikp/anke.

[2] M. Büscher et al., COSY proposal #97 “Investigation of neutral scalar mesons with ANKE”; proposal and corresponding transparencies of oral presentation during PAC #22 available via www.fz-juelich.de/ikp/anke.

[3] S. Barsov et al., NIM A 462, 364 (2001).

[4] C. Caso et al. (Particle Data Group), Eur. Phys. J. C 15 (2000) 1. [5] E.L. Bratkovskaya et al., submitted to Eur.Phys.J, nucl-th/0107071. [6] E. Oset et al., nucl-th/010905.

[7] L. Kondratyuk et al., publication in preparation and private communication.

[8] E. Bratkovskaya et al., contribution to the Annual report 2001 of the IKP, available via www.fz-juelich.de/ikp/anke.

[9] S. Sewerin et al., Phys. Rev. Lett. 83, 682 (1999); P. Kowina et al., Annual report 2000 of the IKP, Berichte des Forschungszentrums Jülich Jül-3852, ISSN 0944-2952, p.45 (2001).