EPJ manuscript No. (will be inserted by the editor)

Investigation of the a^+_0 (980) resonance with ANKE

P.Fedorets^1 and V.Kleber^2 for the ANKE collaboration^a

1 Institute for Theoretical and Experimental Physics, 117218 Moscow, Russia 2 Institut für Kernphysik, Forschungszentrum Jülich, 52425 Jülich, Germany

Received: date / Revised version: date

Abstract. Two experiments on the production of the a^+_0 (980) resonance in the reaction pp → da^+_0 were

performed with the ANKE spectrometer at COSY-Jülich. The decay channels a^+_0 → K^+K^0 and a^+_0 → π^+η

were measured simultaneously at energies T = 2.65 GeV and T = 2.83 GeV. For the reaction pp → dK^+K^0 a total production cross section of ∼50 nb has been deduced for T = 2.65 GeV. Further goals of the data analysis are to determine differential cross sections like angular distributions and the branching ratio a^+_0 → K^+K^0/π^+η.

PACS. 1 3.75.Cs, 25.40.Ve

1 Introduction

The a_0(980) and f_0(980) resonances are the focus of experimental and theoretical studies because their structure is not yet understood. According to different theoretical works [1–5] they could be qq states, four-quark states, KK molecules, or be of dynamical origin, i.e. generated via strong final-state interaction effects. Due to a possible mixing between the neutral a^0(980)- and the f_0(980)- resonances via the coupling to KK intermediate states [6], the unmixed, pure isospin-1 state a^+_0 (980) was studied in a first series of experiments with ANKE [7,8]. Simultaneous detection of the two main decay channels a^+_0 → K^+K^0 and a^+_0 → π^+η has been achieved. The most important benefits of such measurements are:

– The a^+_0 was measurered at energies T = 2.65 GeV

and T = 2.83 GeV. This is close to the K^+K^0 threshold and allows to study the a^+_0 resonance in direct production, and not via the decay from higher lying resonances.

– The simultaneous measurement of both decay channels

reduces systematic errors, e.g. for the determination of their branching ratio.

– The deuteron in the final state is a spin-isospin filter

that might simplify the interpretation of the data. – Meson-meson and meson-deuteron FSI can be studied. – ANKE allows to measure absolute production cross

sections.

a Complete collaboration list available via:

http://www.fz-juelich.de/ikp/anke

2 Event identification with ANKE

The first measurement of a^+_0 (980) production was performed in Jan./Feb. 2001 at a beam energy of T = 2.65 GeV. All spectra shown in this article have been obtained from these data. The ANKE spectrometer [9,10] is located at an internal target position of the proton synchrotron COSY-Jülich. The experimental setup of ANKE is shown in Fig. 1. A hydrogen cluster-jet target built at the University of Münster was used for our measurements.

Fig. 1. The ANKE facility comprises the spectrometer dipole D2 and four detection systems: backward detectors, forward detectors, negative and positive particle detectors. For the investigation of the a^+_0 (980) resonance the forward detectors (2 layer scintillator hodoscope, 3 MWPCs) and the positive particle detectors (23 TOF-start counters, 2 MWPCs, 6 sidewall counters, 15 range telescopes) were used.

For the detection of K^+ and π^+ mesons the positive detector system was exploited, which consists of 23 TOFstart counters, 2 MWPCs, 6 side-wall counters and 15 range telescopes located in the focal plane of the ANKE dipole. Kaons (pions) were selected from the background by using their time-of-flight (TOF) between the start counters and the telescopes (side-wall counters) as well as their energy losses. The information from the MWPCs was used to reject particles scattered at the pole shoes of D2. Figure 2(a) shows the TOF spectra for particles in the positive particle detectors. After the cuts mentioned above a clear peak from K^+ mesons is visible (inset in Fig. 2(a)). The remaining background under the kaon peak is suppressed subsequently by requiring the coincidence with a deuteron.

Deuterons were detected in the forward detection system (3 MWPCs and a 2-layer scintillator hodoscope). They were separated from the more abundant protons by a cut in a 2d-spectrum of Δt (between K^+/π^+ and d) versus momentum (Fig. 2(b)).

Fig. 2. Particle identification: (a) TOF of K^+/π^+ in the positive particle detectors. After TOF, energy loss and MWPCs cuts a clear peak of K^+ mesons becomes visible (small inset). (b) Selection of deuterons in the forward detectors via 2d spectrum, Δt (between mesons and d) versus momentum. Bands corresponding to protons and deuterons are seen. The cut along deuteron band allows to separate them from protons.

3 Missing mass spectra

Figure 3 presents the missing-mass distributions for the selected deuteron-meson pairs. The upper row shows the results for the dK^+-events, the lower for dπ^+. All spectra are not yet efficiency and acceptance corrected. Corresponding simulations are in progress. The (pp, dK^+) missingmass distribution is shown in Fig. 3(a). It exhibits a narrow peak around the K^0 mass, which confirms the clean selection of the reaction channel pp → dK^+K^0. The missing mass of the (pp, d) system is shown in Fig. 3(b). This distribution is limited at the left side by the K^+K^0 threshold and at the right side by the maximum accessible mass for T = 2.65 GeV. For such a narrow missing-mass range it is difficult to separate resonant (via the a^+_0 ) and non resonant components of the K^+K^0 channel, because the shapes of both distributions are very similar [11]. According to model calculations [12–15], the resonant part should dominate (≈85%) at T = 2.65 GeV. The predicted cross section for the reaction pp → da^+_0 → dK^+K^0 [15] is in good agreement with our preliminary value of ∼50 nb for the reaction pp → dK^+K^0, which is based on the determination of the luminosity described in Sect. 4 and on simulation calculations of the ANKE acceptance. After acceptance correction of the missing-mass (pp, K^+) spectrum (not shown) it should be possible to obtain information about the dK^0 final-state interaction, which is expected to be strong close to the KK^0 threshold [5].

The (pp, dπ^+) missing-mass spectrum (Fig. 3(c)) exhibits a peak around the η mass containing ∼2300 events on top of background from multi-pion production pp → dπ^+ (nπ) (n≥2). The correponding deuteron missing-mass distribution mm(pp, d) from Fig. 3(d) has a shoulder around 980 MeV/c^2. Assuming a smooth behavior of the background in mm(pp, dπ^+), the events in the shaded areas of the lower left figure are used for background subtraction. The remaining events show a clear peak structure around 980 MeV/c^2 with a width of ∼40 MeV. This corroborates the interpretation that the peak in mm(pp, dπ^+) at ∼550 MeV/c^2 is connected with the pp → da^+_0 → dηπ^+ reaction. For the extraction of the cross section value a careful investigation of the shape of the multi-pion background below the η peak is in progress.

Fig. 3. Missing mass spectra for the selected dK^+ (upper row) and dπ^+ (lower row) pairs at T = 2.65 GeV. The spectra are not efficiency and acceptance corrected. The hatched distribution in picture (d) presents the remaining events after background subtraction.

4 Luminosity determination

The luminosity during the a^+_0 beam times was determined with the help of pp elastic scattering events taken simultaneously with the a^+_0 data [16]. A peak from this reaction is seen in the momentum distribution of protons detected inclusively with the forward detectors (Fig. 4(a)). For the luminosity determination protons scattered into the angular range ϑ = (5.5 − 9)^∘ were selected, since GEANT simulations show that the ANKE acceptance changes smoothly for these angles and the elastic peak in the momentum distribution is easily distinguished from the background. The elastic peak region was fitted by a gaussian distribution, and events were selected within 2σ from the fitted average value. The background was fitted by a polynomial and subtracted. For the detector-efficiency correction of these data two-dimensional efficiency maps for each MWPC plane were created. Figure 4(b) shows the peak from elastically scattered protons in the ϑ = (5.5 − 9)^∘ angular range after this correction. Finally an average luminosity L ∼ 2.7 × 10^{31} s^{−1}cm^{−2} for the a^+_0 measurement at T = 2.65 GeV was obtained. This corresponds to an areal target density of ∼ 5 · 10^{14} cm^{−2} [17].

Fig. 4. Luminosity determination via the pp elastic scattering reaction. (a) Raw momentum spectrum of particles detected in the forward counters. (b) Peak of elastically scattered protons with emission angles ϑ = (5.5 − 9)^0 after correction for the MWPC efficiencies. A Gaussian fit of the peak and a polynomial fit for the background are shown.

5 Summary

The ANKE spectrometer has been exploited for a simultaneous measurement of the K^+K^0 and π^+η decay channels of the a^+_0 (980) resonance.

At T = 2.65 GeV the measured cross section for the reaction pp → dK^+K^0 is ∼50 nb. The separation between resonant (via the a^+_0 ) and non-resonant K^+K^0 production is difficult due to the narrow available K^+K^0-mass interval. According to model calculations [12–15], the resonant contribution into the kaon channel is expected to be dominant.

For the π^+η channel a peak from η mesons on a broad background from multi-pion production is seen in the missing-mass distribution mm(pp, dπ^+). After background subtraction a peak structure in mm(pp, d) at 980 MeV/c^2 with a width of about 40 MeV/c^2 is obtained. A detailed analysis of this channel, in particular simulations of the multi-pion background, is in progress.

In Febr./March of 2002 a second measurement on a^+_0 - resonance production was performed at T = 2.83 GeV, which currently is the upper energy limit of the COSY accelerator. Due to the higher energy, the range of accessible missing masses becomes significantly wider. This should allow a model-independent separation of resonant and non-resonant contributions also in the kaon decay. The data analysis is in progress.

In the future we intend to investigate neutral a_0/f_0 resonances at ANKE, using a neutron (i.e. deuteron) target and detecting three decay channels, π^0η, K^+K^− and π^+π^− [18]. A photon detector for the study of the π^0η channel is under development [19]. The detection system for negatively charged particles was installed at ANKE and successfully tested in spring 2002.

References

1. F.E. Close et al., Phys.Lett. B 319 (1993) 291 2. M. Genovese et al., Nuovo Cim. 107 A (1994) 1249 3. G. Janssen et al., Phys.Rev. D 52 (1995) 2690 4. V.V. Anisovich et al., Phys.Lett. B 355 (1995) 363 5. E. Oset et al., Eur. Phys. J. A 12 (2001) 435 6. O. Krehl et al., Phys.Lett. B 390 (1997) 23 7. V. Chernyshev et al., COSY proposal #55 “Study of a^+_0 mesons at ANKE” (1997); available via http://www.fzjuelich.de/ikp/anke 8. M. Büscher et al., Beam-time request for COSY experiment #55; available via http://www.fz-juelich.de/ikp/anke 9. S. Barsov et al., Nucl. Instr. Methods Phys. Res., Sect. A 462 (2001) 364 10. M. Büscher et al., Nucl. Instr. Methods Phys. Res., Sect.

A 481 (2002) 378 11. V. Chernyshev et al., nucl-th/0110069 12. V.Yu. Grishina et al., Eur. Phys. J. A 9 (2000) 277 13. V.Yu. Grishina et al., Phys. Lett. B 521 (2001) 217 14. E. Bratkovskaya et al., J. Phys. G in print; nucl-th/ 0107071 15. V.Yu. Grishina et al., Proc. Int. Workshop MESON 2002, May 24–28, 2002, Cracow, Poland; World Scientific Publishing (in print) 16. P. Fedorets et al., Annual Report 2001 of the IKP, FZ Jülich; available via www: http://www.fz-juelich. de/ikp/publications/AR2001 17. H.J. Stein et al., Annual Report 2001 of the IKP, FZ Jülich; available via www: http://www.fz-juelich. de/ikp/publications/AR2001 18. M. Büscher et al., COSY proposal #97; available via http://www.fz-juelich.de/ikp/anke 19. V. Hejny et al., NIM A 486 (2002) 126