arXiv:1108.6191v2 [hep-ex] 28 Mar 2012

The exotic η^′π^− Wave in 190 GeV π^− p → π^−η^′ p at COMPASS

Tobias Schlüter^1 on behalf of the COMPASS Collaboration Ludwig-Maximilians-Universität München, Department für Physik, 85748 Garching, GERMANY

A sample of 35 000 events of the type π^− p → η^′π^− p_{slow} (η^′ → ηπ^−π^+, η → γγ) with −t > 0.1 GeV^2/c^2 was selected from COMPASS 2008 data for a partial-wave analysis. We study the broad P_+ structure known from previous experiments at lower energies, in particular its phase motion relative to the D_+-wave near the a_2(1320) mass and relative to a broad D_+- wave structure at higher mass. We also find the a_4(2040). We compare kinematic plots for the η^′π^− and ηπ^− final states.

1 Introduction

The existence of strongly-bound, resonant states with quantum numbers not allowed for a fermion-antifermion system has long been expected. In the light-quark sector isospin symmetry also disallows such a state for charged ud, du mesons. On the other hand, a system decaying into the two pseudo-scalar mesons π, η (π, η^′) with orbital angular momentum L = 1 has quantum numbers J^{PG} = 1^{−+}, and thus any resonant contribution to such a system would have to be identified with a non-qq resonance.

Indeed, several collaborations claimed the observation of such a resonance in the ηπ system at m(ηπ) ≈ 1.4 GeV/c^2 [1–3]. Likewise a very strong P-wave contribution was observed in the η^′π^− system [1, 4] at m(η^′π) ≈ 1.6 GeV/c^2, but the resonant character of the structure observed in both systems has been questioned [5].

We report on the current status of the analysis of the η^′π^− and ηπ^− final states as observed in the data from the 2008 run of the COMPASS experiment at CERN and compare our results to the above-quoted publications. The COMPASS experimental setup [6,7] is a twostage magnetic spectrometer attached to the SPS accelerator facility at CERN. During the bulk of the 2008/09 campaigns the experiment’s goal was the study of the light meson spectrum. A 190 GeV/c secondary pion beam impinged on a liquid hydrogen target. The main trigger components were a beam definition trigger together with a recoil proton detector (RPD). The RPD ensured an unscathed proton emitted at large angles with momentum

1tobias.schlueter@cern.ch

corresponding to momentum transfer −t ≳ 0.1 GeV^2. A veto counter near the spectrometer entry further suppressed events with particles emitted at large angles, especially from target fragmentation [8, 9]. An additional veto suppressed events where the beam particle passed through the target undeflected. Both stages of the spectrometer are equipped with tracking detectors and particle identification and neutral detection by means of electromagnetic and hadronic calorimetry. In addition, the first spectrometer stage is equipped with a Ring-Imaging Cherenkov detector, allowing for particle identifcation.

2 Data Selection

Besides trigger requirements, the events considered were selected by the following topological criteria: a well-defined primary interaction vertex inside the target with three outgoing tracks (assumed to be pions) attached and two clusters in the electromagnetic calorimeters. In order to select the intended π^−η^′ and π^−η final states, the invariant mass obtained by attaching the pair of calorimeter clusters to the primary vertex was required to fall into the range of the η or π^0 mass, respectively. The so-identified neutral particle was then — after a 1C kinematic fit — combined with both possible π^−π^+ pairs. If the invariant mass of either combination was found to match the η^′ → π^−π^+η or, respectively, η → π^−π^+π^0 hypothesis, the event was accepted after additional cuts on the total momentum. The procedure yielded 35 000 events for the π^−η^′ final state and 110 000 events for the π^−η final state. The intermediate steps are illustrated in Fig. 1 for the selection of the η^′π^− final state. The ηπ^− selection is similar.

Figure 1: Data selection. Left: γγ mass spectrum for events with three charged tracks. The π^0(135) and η(548) peaks are clearly visible. The structures below the π^0 mass peak are artefacts of low energetic photon reconstruction due to secondary interactions in the detector material and to cuts in the reconstruction algorithm. They should not be mistaken for any physical signal. Center: π^−π^+η mass spectrum for kinematically complete events. Two peaks corresponding to η^′(958) and f_1(1285) stand out. Right: Final π^−η^′ mass spectrum. The peak of the a_2(1320) is visible near threshold.

3 Final-State Kinematics

The data are expected to be dominated by natural parity exchange waves with M = 1, both from the favored pomeron exchange and from the results of previous analyses. This is easily verified by plotting the angle ϕ between decay and production plane in the Gottfried- Jackson frame [10] where the sin^2 ϕ contribution dominates (not shown). The remainder of the kinematical information is contained in the momentum transfer t, the polar angle of the η or η^′ meson in the GJ frame cos θ_{GJ}, and the invariant mass m of the two-body system under consideration. In Fig. 2 the distribution of cos θ_{GJ} as function of m is shown for both the ηπ^− and η^′π^− systems. Outstanding features are the occurence of the a_2(1320) meson, a structure near 2 GeV/c^2 corresponding to the a_4(2040) meson, whose intereference with a spin-2 background can be made out in the ηπ^− data, and a strong forward-backward peaking for masses above 2 GeV/c^2, pointing towards non-resonant contributions. Especially in the η^′π^− data a strong forward backward asymmetry is observed in the data, with a fast turnover around the a_2(1320) mass range, corresponding to relative phase motion of the odd (P_+) and even (D_+) contributions.

Figure 2: Kinematics. The distribution in cos θ_{GJ} as function of invariant mass m (not acceptance corrected). Left for the ηπ^− system, right for the η^′π^− system.

The E852 experiment claimed an unusual momentum transfer distribution in the production of the η^′π^− system [4]. We cannot confirm this observation, see Tab. 1.

4 Partial-Wave Analysis of the η^′π^− System

In this section we present the results of a partial-wave analysis in mass bins of the η^′π^− data. The analysis follows the lines of the previous analyses, allowing S, P, and D waves with M ≤ 1 in both natural and unnatural exchange. Additionally, the spin-4, M = 1 G_+-wave was allowed. The η^′ was separated from the π^−π^+η background by introducing its experimental shape as a pseudo-isobar and fitting in the complete 4-body phase-space mass bin [GeV/c^2] fit with A exp(−B|t|) fit with A|t| exp(−B|t|) m < 1.5 5.5 8.2 1.5 < m < 1.9 5.1 7.5 1.9 < m < 2.2 4.8 7.1 2.2 < m < 3 4.6 6.9

Table 1: Fit to the slope parameter B in units of GeV−^2 for momentum transfer as function of mass. E852 found the much broader B = 2.93 GeV^{−2} when fitting with a single exponential.

where besides the π^−η^′ waves an additional incoherent flat, phase-space-like contribution was allowed. From these ingredients an extended log-likelihood function is constructed and maximized, taking into account the detector acceptance via normalization integrals calculated from Monte-Carlo data. The results for the intensities of the positive-reflectivity wave are shown in Fig. 3. The relative phases are shown in Fig. 4.

We confirm the presence of a broad structure in the P_+-wave of the η^′π^−. A fit to the intensity of this structure by a single-channel relativistic Breit-Wigner shape underestimates the high-mass side of the distribution. We confirm the presence of the a_4(2040) resonance in this channel previously seen by E852 [4]. This resonance is also visible in the 3π data [11]. A resonant interpretation of the P_+-wave would have to be reconciled with the relative phase-motions compared to the other waves, and the apparent onset of double-Regge production or similar processes above ≈ 2 GeV whose low-mass impact is not yet understood.

Figure 3: Intensities of the positive-reflectivity waves. From left to right: P+, D+, G+.

Acknowledgements

We acknowledge financial support by the German Bundesministerium für Bildung und Forschung (BMBF), by the Maier-Leibnitz-Laboratorium der LMU und TU München, and by the DFG cluster of excellence “Origin and Structure of the Universe”.

Figure 4: Relative phases of the positive-reflectivity waves. From left to right in obvious notation: D_+ − P_+, G_+ − P_+, G_+ − D_+.

References

[1] VES Collaboration, G. Beladidze et al., “Study of π^− N → ηπ^− N and π^− N → η^′π^−N reactions at 37 GeV/c,” Phys. Lett. B313 (1993) 276–282.

[2] E852 Collaboration, D. Thompson et al., “Evidence for Exotic Meson Production in the Reaction π^− p → ηπ^− p at 18 GeV/c,” Phys. Rev. Lett. 79 (1997) 1630–1633,

arXiv:hep-ex/9705011.

[3] Crystal Barrel Collaboration, A. Abele et al., “Exotic ηπ state in pd annihilation at rest into π^−π^0ηp_{spectator},” Phys. Lett. B423 (1998) 175–184.

[4] E852 Collaboration, E. I. Ivanov et al., “Observation of exotic meson production in the reaction π^− p → η^′π^− p at 18 GeV/c,” Phys. Rev. Lett. 86 (2001) 3977–3980,

arXiv:hep-ex/0101058.

[5] A. Szczepaniak, M. Swat, A. Dzierba, and S. Teige, “Study of the ηπ and η^′π spectra and interpretation of possible exotic J^{PC} = 1^{−+} mesons,” Phys. Rev. Lett. 91 (2003) 092002, arXiv:hep-ph/0304095.

[6] COMPASS Collaboration, P. Abbon et al., “The COMPASS Experiment at CERN,” Nucl. Instr. and Meth. A 577 (2007) 455–518, arXiv:hep-ex/0703049.

[7] COMPASS Collaboration, M. Alekseev et al., “The COMPASS Setup for Physics with Hadron Beams.” In preparation.

[8] COMPASS Collaboration, T. Schlüter, “The COMPASS sandwich veto detector and a first look at kaonic final states from a π^−(190 GeV) beam on a proton target,” Eur. Phys. J. C SPIN-Praha-2009, to be published, arXiv:1108.4295 [hep-ex].

[9] T. Schlüter et al., “Large-Area Sandwich Veto Detector with WLS Fibre Readout for Hadron Spectroscopy at COMPASS,” Nucl. Instr. and Meth. A (2011) In Press, Corrected Proof, arXiv:1108.4587 [physics.ins-det].

[10] K. Gottfried and J. D. Jackson, “On the Connection between Production Mechanism and Decay of Resonances at High Energies,” Nuovo Cim. 33 (1964) 309–330.

[11] COMPASS Collaboration, F. Nerling, These proceedings,

arXiv:1108.5969 [hep-ex].