arXiv:hep-ex/0406046 v1 17 Jun 2004

RECENT SPECTROSCOPY RESULTS FROM ZEUS

A. GEISER for the ZEUS Collaboration DESY, Notkestrasse 85, D-22607 Hamburg, Germany; E-mail: Achim.Geiser@desy.de

Recent results on light hadron spectroscopy are reported, with special emphasis on the evidence for a narrow baryonic state decaying to K^0_S p and K^0_S p̄, compatible with the pentaquark state θ^+ observed by fixed target experiments. The data were collected with the ZEUS detector at HERA using an integrated luminosity of 121 pb^{−1} . The analyses were performed in the central rapidity region of inclusive deep inelastic scattering at an ep centre-of-mass energy of 300–318 GeV. Evidence for a narrow resonance in the K^0_S p and K^0_S p̄ invariant mass spectrum is obtained, with mass 1521.5±1.5(stat)^{+2.8}_{−1.7} (syst) and width consistent with the experimental resolution. If the K^0_S p part of the signal is identified with the strange pentaquark θ^+, the K^0_S p̄ part is the first evidence for its antiparticle, θ̄^−. Supporting results on other light hadron resonances are also discussed.

1 Introduction

Recently, interest in light hadron spectroscopy has been considerably revived by the observation of baryonic resonances 1^,2^,3 compatible with their interpretation in terms of pentaquark states, i.e. bound states of four quarks and an antiquark 4^,5. While almost all hadronic states observed previously can be interpreted in terms of baryons (bound states of three quarks, qqq) or mesons (bound quark-antiquark states, qq̄), the theory of Quantum Chromo Dynamics (QCD) does not preclude the existence of other colour neutral quark combinations such as tetraquarks (qqq̄q̄), pentaquarks (qqqqq̄), etc., or states including gluons such as glueballs (gg) or hybrids (qq̄g).

Potential glueball candidates have already been discussed for many years 6 without firm conclusions. The ZEUS experiment at the HERA ep collider has recently added input to this discussion through the observation of at least one of these candidates in the K^0_S K^0_S final state 7.

The first quantitative predictions for the existence of bound pentaquark states have been made only fairly recently 4, and their observation, mainly of the θ^+ state with quark content uudds̄, has triggered a large number of further theoretical predictions 5. However, the first pentaquark observations were all obtained in fixed target experiments at low centre-of-mass energies 1,2, where valence quarks from the target nucleons can easily become part of the pentaquark final state. Consequently, only qqqqq̄ states were found, in contrast to q̄q̄q̄q̄q states.

Here we investigate the production of light narrow resonances in the central rapidity region of inclusive deep inelastic scattering (DIS) at an ep centre-of-mass energy of 300–318 GeV for exchanged photon virtuality, Q^2, above 1 GeV^2. In this kinematic region, hadrons are mainly produced from the fragmentation of a sea (anti)quark in the proton struck by the photon, and only faintly “remember”, if at all, their proton parent. Hadrons and their antiparticles are hence produced in approximately equal proportions.

It is therefore a nontrivial question whether the pentaquarks observed in fixed target collisions should also be seen in high energy collider experiments. On the other hand, if at all, collider experiments should observe not only the pentaquarks, but also their antiparticles. The potentially first such observation in the light quark sector is presented in this document. Corresponding experimental evidence and/or searches for pentaquarks containing a heavier charmed quark are discussed in 8^,9.

2 Evidence for a narrow baryonic state decaying to K^0_S p (p̄)

ZEUS has performed a search for pentaquarks in the K^0_S p (p̄) decay channel 10. The analysis used deep inelastic scattering events measured with exchanged-photon virtuality Q^2 ≥ 1 GeV^2. The data sample corresponds to an integrated luminosity of 121 pb^{−1}. The charged tracks were selected in the central tracking detector (CTD) with p_T ≥ 0.15 GeV and |η| ≤ 1.75, restricting this study to a region where the CTD track acceptance and resolution are high.

Figure 1: Invariant-mass spectrum for the K^0_S p (p̄) channel for Q^2 > 20 GeV^2. The solid line is the result of a fit to the data using a threshold background plus two Gaussians. The dashed lines show the Gaussian components, while the dotted line indicates background. The prediction of the Monte Carlo simulation is normalised to the data in the mass region above 1650 MeV. The inset shows the K^0_S p̄ (open circles) and the K^0_S p (black dots) candidates separately, compared to the result of the fit to the combined sample scaled by a factor of 0.5.

The total number of K^0_S with p_T (K^0_S) > 0.3 GeV and |η(K^0_S)| < 1.5, identified using the decay mode K^0_S → π^+π^−, was 867K. To eliminate contamination from Λ(Λ̄) decays, candidates with a proton mass hypothesis M(p π) < 1121 MeV were rejected.

The (anti)proton-candidate selection used the energy-loss measurement in the CTD, dE/dx. K^0_S p (p̄) invariant masses were obtained by combining K^0_S candidates in the mass region 480 − 510 MeV with (anti)proton candidates in the (anti)proton dE/dx band with the additional requirements p < 1.5 GeV and dE/dx > 1.15 mips in order to reduce the pion background.

The CTD resolution for the K^0_S p (p̄) invariant-mass near 1530 MeV, was estimated from Monte Carlo simulations to be 2.0 ± 0.5 MeV for both the K^0_S p and the K^0_S p̄ channels.

Fig. 1 shows the K^0_S p (p̄) invariant mass for Q^2 > 20 GeV^2. The separated K^0_S p and K^0_S p̄ distributions are shown as inset. The choice of the higher Q^2 cut was motivated by the expected decrease in acceptance and increase in background at lower Q^2 values. Mass distributions for different Q^2 cuts can be found in 10. The fit of two Gaussians on top of a continous background, also shown in Fig. 1, yields a clear narrow peak at 1522 MeV. The second Gaussian near 1470 MeV could either be attributed to another, broader resonance (e.g. the unestablished resonance Σ(1480) 11), or be regarded as the empirical parametrization of a more complicated background shape. A single Gaussian fit yields essentially identical results 10, indicating robustness against the choice of the background function. From the Ariadne Monte Carlo model, which contains only ordinary hadrons, no peaks are expected in this region.

The peak position obtained from Fig. 1 is 1521.5 ± 1.5(stat.)^{+2.8}_{−1.7}(syst.) MeV (see 10 for details). It agrees well with the measurements by HERMES, SVD and COSY-TOF for the same decay channel 2, but is slightly lower than the mass found in experiments reconstructing the K^+n decay channel 1. Its Gaussian width was found to be 6.1 ± 1.6 GeV, still compatible with the experimental resolution of 2 MeV. If the width of the Gaussian is fixed to this experimental resolution, the extracted Breit-Wigner width of the signal is Γ = 8 ± 4(stat.) MeV.

The number of signal events obtained from the fit in Fig. 1 is 221 ± 48. This corresponds to a statistical significance of 4.6σ. The number of events in the K^0_S p̄ channel is 96 ± 34. It agrees with the signal extracted for the K^0_S p decay mode. If the K^0_S p signal corresponds to the θ^+ pentaquark observed by other experiments, this measurement provides the first evidence for its antiparticle with a quark content of ūūd̄d̄s.

3 Other resonances and systematic checks

Searches for corresponding double strange and charmed pentaquark states have also been performed by ZEUS. The corresponding (negative) results can be found in13 and9, contrasting the positive evidence obtained by the NA49 3 and H1 8 collaborations.

Figure 2: Invariant-mass spectra for the K^+p and K^−p channels (plus charge conjugates) for Q^2 > 1 GeV^2.

Previous studies on K^0 and Λ production in DIS 7 enhance the confidence in the K^0 reconstruction and selection procedure, and allow cross-checks of proton identification. Events with two K^0’s have been successfully used to study resonances decaying into K^0_s pairs 7. Many further systematic checks are explained in 10.

For example, an important contribution to understand and check the efficiencies and resolutions can be obtained from the reconstruction of the well established Λ(1520)D_{03} meson in its charged pK decay mode. The K^±p(K^±p̄) invariant mass spectra were investigated in a wide range of minimum Q^2 values, identifying proton and charged kaon candidates using the dE/dx information. The proton candidates inside the dE/dx proton band were required to have dE/dx > 1.8 mips, while the kaon candidates were reconstructed in the kaon band after the restriction dE/dx > 1.2 mips. For Q^2 > 1 GeV^2, no peak was observed near 1522 MeV in the K^+p and K^−p̄ spectra, see Fig. 2, while a clean signal was seen in the K^−p(K^+p̄) channel at 1518.5 ± 0.6(stat.) MeV, corresponding to the Λ(1520)D_{03} state. The fact that both mass and width are in good agreement with the PDG11 values verifies that there are no significant reconstruction biases in the pentaquark mass range. Also, the absence of a peak in the like sign spectrum disfavours the isotensor interpretation of the θ^+ state 12.

4 Conclusions

Evidence for a narrow baryonic state decaying to K^0_S p and K^0_S p̄ is obtained in the central fragmentation region of deep inelastic scattering events by the ZEUS collaboration at HERA. This state is compatible with the pentaquark state θ^+ observed by fixed target experiments, and its antiparticle θ̄^− , presumably observed for the first time. Supporting results on other light hadron resonances are also presented.

References

1. LEPS Collaboration, T. Nakano et al., Phys. Rev. Lett. 91 (2003) 012002;

SAPHIR Collaboration, J. Barth et al., Phys. Lett. B 572 (2003) 127; CLAS Collaboration, V. Kubarovsky et al., Phys. Rev. Lett. 91 (2003) 252001; CLAS Collaboration, V. Kubarovsky et al., Phys. Rev. Lett. 92 (2004) 032001. Erratum; ibid, 049902.

2. DIANA Collaboration, V.V. Barmin et al., Phys. Atom. Nucl. 66 (2003) 1715;

A.E. Asratyan, A.G. Dolgolenko, M.A. Kubantsev, Phys. Atom. Nucl. 67 (2004) 682; Yad. Fiz. 67 (2004) 704;

SVD Collaboration, A. Aleev et al., Preprint hep-ex/0401024, 2004; HERMES Collaboration, A. Airapetian et al., Phys. Lett. B 585 (2004) 213; COSY-TOF Collaboration, M. Abdel-Bary et al., Preprint hep-ex/0403011, 2004.

3. NA49 Collaboration, C. Alt et al., Phys. Rev. Lett. 92 (2004) 042003. 4. D. Diakonov, V. Petrov and M.V. Polyakov, Z. Phys. A 359 (1997) 305;

see also M. Praszalowicz, in Skyrmions and Anomalies, M. Jezabek and M. Praszalowicz, eds, World Scientific (1987); M. Chemtob, Nucl. Phys. B 256 (1985) 600; R.L. Jaffe, hep-ph/0401187.

5. see e.g. R.L. Jaffe and F. Wilczek, Phys. Rev. Lett. 91 (2003) 232003;

M. Karliner and H.J. Lipkin, Phys. Lett. B 575 (2003) 249; E. Shuryak, I. Zahed, Phys. Lett. B 589 (2004) 21;

P. Bicudo, hep-ph/0405254, talks M. Karliner, M. Nowak, these proceeedings. 6. for a recent pedagogical review see e.g. E. Klempt, hep-ex/0404270, and references therein. 7. ZEUS Collaboration, S. Chekanov et al., Phys. Lett. B 578 (2004) 33. 8. H1 Collaboration, A. Aktas et al., hep-ex/0403017, submitted to Phys. Lett. B;

K. Lipka (for the H1 and ZEUS Collaborations), hep-ex/0405051, these proceedings. 9. L. Gladilin (ZEUS Collaboration), seminar, http://www.desy.de/f/seminar/Gladilin.pdf 10. ZEUS Collaboration, S. Chekanov et al., Phys. Lett. B 591 (2004) 7. 11. Particle Data Group, K. Hagiwara et al., Phys. Rev. D 66 (2002) 010001. 12. S. Capstick, P.R. Page, W. Roberts, Phys. Lett. B 570 (2003) 185. 13. S. Chekanov (ZEUS Collaboration), ANL-HEP-CP-04-48, hep-ex/0405013, May 2004.