The discovery and properties of pentaquarks

Fl. Stancu

Liege University, Institute of Physics, B. 5, Sart Tilman, B-4000 Liege 1, Belgium

The pentaquarks are exotic baryons formed of four quarks and an antiquark. Their existence, as stable or quasistable particles against strong decays, has been discussed in the literature over the last 25 years, but experimentally they could not be identified until about a year ago, when the LEPS collaboration [1] observed a narrow S = + 1 resonance, called Θ^+, of mass around 1540 MeV. This observation has been motivated and oriented by Ref. [2]. The Θ^+ resonance has been confirmed by the CLAS Collaboration [3] and by many other laboratories. The ordinary baryonic resonances are described as three quark systems and their strangeness S can be either zero or negative. Due to its positive strangeness, Θ^+ cannot be a three-quark system and it has been interpreted as a pentaquark formed of two quarks u, two quarks d and an antiquark s, as its minimal content. The discovery of Θ^+ has been followed by the observation of two other narrow resonances at CERN [4], interpreted also as pentaquarks, all three belonging to the same antidecuplet of SU(3)-flavour. Since the discovery of Θ^+ there has been a very intense activity on pentaquarks both on the experimental and theoretical sides.

Here we shall mainly review the predictions of pentaquark properties in constituent quark models and the implications of their existence on baryon spectroscopy. Both in the light and heavy sector, of particular importance are the predictions for the spin and parity [5,6] and the mass splitting between the isomultiplets contained in an SU(3)_F multiplet [7]. The predictions of the quark model of 1998 [5] are consistent with the recent observation [8] of the heavy analog of Θ, called presently Θ_c, where s̄ is replaced by c̄.

[1] T. Nakano et al., LEPS collaboration, Phys. Rev. Lett. 91 (2003) 012002.

[2] D. Diakonov, V. Petrov and M. Polyakov, Z. Phys. A359 (1997) 305.

[3] S. Stephanyan et al., CLAS Collaboration, Phys. Rev. Lett. 91 (2003) 252001.

[4] C. Alt et al., NA49 Collaboration; hep-ex/0310014.

[5] Fl. Stancu, Phys. Rev. D58 (1998) 111501.

[6] Fl. Stancu and D. O. Riska, Phys. Lett. B575 (2003) 242.

[7] Fl. Stancu, hep-ph/0402044.

[8] A. Aktas et al., H1 Collaboration, hep-ex/0403017.

E-mail: fstancu@ulg.ac.be