arXiv:hep-ph/0205021 v1 2 May 2002

ELECTROWEAK PROPERTIES OF THE NUCLEON IN A CHIRAL CONSTITUENT QUARK MODEL

S. BOFFI AND M. RADICI Dipartimento di Fisica Nucleare e Teorica, Università di Pavia, and INFN, Sezione di Pavia, I-27100 Pavia, Italy

L. GLOZMAN, W. PLESSAS AND R.F. WAGENBRUNN Institut für Theoretische Physik, Universität Graz, A-8010 Graz, Austria

W. KLINK Department of Physics and Astronomy, University of Iowa, Iowa City, IA 52242, USA Results for all elastic electroweak nucleon form factors are presented for the chiral constituent quark model based on Goldstone-boson-exchange dynamics. The calculations are performed in a covariant framework using the point-form approach to relativistic quantum mechanics. The direct predictions of the model yield a remarkably consistent picture of the electroweak nucleon structure.

We present results for the elastic electroweak nucleon observables as a progress report of a more comprehensive programme aiming at a consistent description of the electroweak properties of baryons at low energy. The theoretical context is represented by the chiral Constituent Quark Model (CQM) based on the Goldstone-boson exchange (GBE) quark-quark interaction, that is induced by the spontaneous chiral symmetry breaking in QCD and that accurately reproduces the baryon spectrum of light and strange flavors^1. The dynamics of quarks inside the nucleon is essentially relativistic. Therefore, we have adopted the point-form realization of relativistic quantum mechanics, where the boost generators are interaction-free and make the theory manifestly covariant^2. The electromagnetic photon-quark interaction is assumed point-like, but in point-form the momentum delivered to the nucleon is different from the one delivered to the struck quark; hence, we will name this approach the Point-form Spectator Approximation (PFSA)^3. The quark wave functions deduced from fitting the baryon spectrum are used as input and no further parameter is introduced, since quarks are considered point-like and the point-form allows for an exact calculation of all boosts required by a covariant description. Results have recently been published for electromagnetic^4, axial^5 and pseudoscalar^3 nucleon form factors. They are summarized here in Figs. 1-2, and in Tab. 1.

The agreement with experimental data is remarkable and it indicates that

Figure 1. Proton electric and magnetic form factors. Top and middle panels: ratios of electric (G^p_E ) and magnetic (G^p_M ) proton form factors to the standard dipole parametrization G_D . Bottom panel: ratio of G^p_E to G^p_M . PFSA predictions of the GBE CQM (solid lines) are compared with nonrelativistic results (dashed lines) and experiment. In the top and middle panels the experimental data are from Ref.^6. In the bottom panel recent data from TJNAF^7 (filled triangles) are shown together with various older data points (see Ref.^7 and references therein). All the ratios are normalized to 1 at Q^2 = 0.

Table 1. Proton and neutron charge radii and magnetic moments as well as nucleon axial radius and axial charge. Predictions of the GBE CQM in PFSA (third column), in nonrelativistic approximation (NRIA, fourth column), and with the confinement interaction only (last column).

Exp. PFSA NRIA Conf.

r^2_p [fm^2] 0.780(25)^8 0.81 0.10 0.37 r^2_n [fm^2] -0.113(7)^9 -0.13 -0.01 -0.01 μ_p [n.m.] 2.792847337(29)^{10} 2.7 2.74 1.84 μ_n [n.m.] -1.91304270(5)^{10} -1.7 -1.82 -1.20 < r^2_A >^{12} [fm] 0.635(23)^{11} 0.53 0.36 0.43 g_A 1.255± 0.006^{10} 1.15 1.65 1.29

my: submitted to World Scientific on May 3, 2002 2

Figure 2. Left panel: neutron electric and magnetic form factors; in the top panel, G^n_E ; in the bottom panel, ratio of G^n_M to the standard dipole parametrization G_D , normalized to 1 at Q^2 = 0; solid and dashed lines as in Fig. 1; the dot-dashed line represents the PFSA results for the case with confinement only; experimental data are from Ref.^{12} (top) and Ref.^{13} (bottom). Right panel: nucleon axial and induced pseudoscalar form factors G_A and G_P , respectively; the PFSA predictions of the GBE CQM are always represented by solid lines; in the top panel, a comparison is given to the nonrelativistic results (dashed) and to the case with a relativistic current operator but no boosts included (dot-dashed); experimental data are shown assuming a dipole parameterization with the axial mass value M_A deduced from pion electroproduction (world average: squares, Mainz experiment^{11} : circles) and from neutrino scattering^{14} (triangles); in the bottom panel, the dashed line refers to the calculation of G_P without any pion-pole contribution; the experimental data are from Ref.^{15} .

by a proper choice of low-energy degrees of freedom a quark model is capable of describing the spectroscopy and the low-energy dynamics of baryons at the same time. However, a more detailed comparison with data shows that there

my: submitted to World Scientific on May 3, 2002 3 is still room for quantitative improvements, e.g. by considering two-body electromagnetic current operators and constituent quark sizes.

References

1. L.Ya. Glozman et al., Phys. Rev. D 58, 094030 (1998). 2. W.H. Klink, Phys. Rev. C 58, 3587 (1998). 3. S. Boffi et al., hep-ph/0108271, Eur. Phys. J A, in press. 4. R.F. Wagenbrunn et al., Phys. Lett. B 511, 33 (2001). 5. L.Ya. Glozman et al., Phys. Lett. B 516, 183 (2001). 6. L. Andivahis et al., Phys. Rev. D 50, 5491 (1994); R.C. Walker et al., Phys. Rev. D 49, 5671 (1994); A.F. Sill et al., Phys. Rev. D 48, 29 (1993); G. Höhler et al., Nucl. Phys. B 114, 505 (1976); W. Bartel et al., Nucl. Phys. B 58, 429 (1973).

7. M.K. Jones et al., Phys. Rev. Lett. 84, 1398 (2000). 8. K. Melnikov and T. van Ritbergen, Phys. Rev. Lett. 84, 1673 (2000). 9. S. Kopecky et al., Phys. Rev. Lett. 74, 2427 (1995). 10. D.E. Groom et al., Eur. Phys. J. C15, 1 (2000). 11. A. Liesenfeld et al., Phys. Lett. B 468, 20 (1999).

12. T. Eden et al., Phys. Rev. C 50, R1749 (1994); M. Meyerhoff et al., Phys. Lett. B 327, 201 (1994); A. Lung et al., Phys. Rev. Lett. 70, 718 (1993); C. Herberg et al., Eur. Phys. J. A 5, 131 (1999); I. Passchier et al., Phys. Rev. Lett. 82, 4988 (1999); D. Rohe et al., Phys. Rev. Lett. 83, 4257 (1999); M. Ostrick et al., Phys. Rev. Lett. 83, 276 (1999); J. Becker et al., Eur. Phys. J. A 6, 329 (1999).

13. P. Markowitz et al., Phys. Rev. C 48, R5 (1993); S. Rock et al., Phys.

Rev. Lett. 49, 1139 (1982); E.E.W. Bruins et al., Phys. Rev. Lett. 75, 21 (1995); H. Gao et al., Phys. Rev. C 50, R546 (1994); A. Lung et al., Phys. Rev. Lett. 70, 718 (1993); H. Anklin et al., Phys. Lett. B 336, 313 (1994); H. Anklin et al., Phys. Lett. B 428, 248 (1998).

14. T. Kitagaki et al., Phys. Rev. D 28, 436 (1983).

15. G. Bardin et al., Phys. Lett. B 104, 320 (1981); Seonho Choi et al., Phys. Rev. Lett. 71, 3927 (1993).