arXiv:1103.1749v1 [hep-ph] 9 Mar 2011

INHA-NTG-03/2011

K^∗Λ(1116) photoproduction and nucleon resonances

Sang-Ho Kim,^1 Seung-il Nam,^2 Yongseok Oh,^3 and Hyun-Chul Kim^1 1Department of Physics, Inha University, Incheon 402-751, Korea 2Research Institute of Basic Sciences, Korea Aerospace University, Goyang 412-791, Korea 3School of Physics and Energy Sciences, Kyungpook National University, Daegu 702-701, Korea

In this presentation, we report our recent studies on the K^∗Λ(1116) photoproduction off the proton target, using the tree-level Born approximation, via the effective Lagrangian approach. In addition, we include the nine (three- or four-star confirmed) nucleon resonances below the threshold √ s_{th} ≈ 2008 MeV, to interpret the discrepancy between the experiment and previous theoretical studies, in the vicinity of the threshold region. From the numerical studies, we observe that the S11(1535) and S11(1650) play an important role for the cross-section enhancement near the √ s_{th}. It also turns out that, in order to reproduce the data, we have the vector coupling constants g_K∗_{S11(1535)Λ} = (7.0 ∼ 9.0) and g_K∗_{S11 (1650)Λ} = (5.0 ∼ 6.0).

PACS numbers: 13.75.Cs, 14.20.-c Keywords: Λ(1520), photoproduciton, Regge trajectory, decay-angle distribution

I. INTRODCUTION

The strangeness meson photoproduction off the nucleon target is one of the most well-studied experimental and theoretical subjects to reveal the hadron production mechanisms and its internal structures, in terms of the strange degrees of freedom, breaking the flavor SU(3) symmetry explicitly. Together with the recent high-energy photon beam developments in the experimental facilities, such as LPES2 at SPring-8 and CLAS12 at Jefferson laboratory [1], higher-mass strange meson-baryon photoproducitons must be an important subject to be addressed theoretically for future studies on those reaction processes. In the previous works [2, 3], the K^∗Λ(1116) photoproduction was investigated, the Born approximation being used with the Regge contributions. In comparison with the preliminary experimental data [4], the theory reproduced the data qualitatively well, but the theoretical cross-section strength was underestimated in the vicinity of the √ s_{th}. In the present talk, we want to report our recent study to explain this discrepancy observed in the previous work. Based on the theoretical framework as employed in Ref. [3], we include the nucleon resonances in the s-channel baryon-pole contribution. As for the nucleon resonances N^∗, we take into account nine of them, i.e. P_{11}(1440, 1/2^+), D_{13}(1520, 1/2^−), S_{11}(1535, 1/2^−), S_{11}(1650, 1/2^−), D_{13}(1700, 3/2^−), P_{11}(1710, 1/2^+), P_{13}(1720, 3/2^+), P_{11}(1440, 1/2^+), D_{15}(1675, 5/2^−), and F_{15}(1680, 5/2^+), in a full relativistic manner.

II. THEORETICAL FRAMEWORK AND NUMERICAL RESULTS

We start with explaining the theoretical framework briefly and represent the important numerical results in our study. We note that the nucleon resonances are carefully taken into account in a full-relativistic manner, in addition to the Born diagrams, K and κ(800) meson-exchanges in the t channel, and Σ(1192) and Σ^∗(1385) hyperon exchanges in the u channel, which were already employed in Ref. [3]. All the effective interaction vertices for the nucleon resonances are taken from Ref. [5]. For instance, the invariant amplitudes for the spin-1/2 and spin-3/2 resonance contributions in the s channel can be written as follows: M_N ∗ ( 1 2 ±) = ± g_K∗_N ∗_Λ s − M^2_N ∗ ε^∗_ν (k_2)ū_Λ(p_2) [ γ^ν − iκ_K∗_N ∗_Λ 2M_N σ^{νβ} k_{2β} ] ie_Qμ_N ∗ 2M_N Γ^∓( ̸k_1+ ̸p_1 + M_N ∗ )Γ^∓σ^{μi}k_{1i}u_N (p_1)ε_μ(k_1), M_N ∗ ( 3 2 ±) = g_K∗_N ∗_Λ s − M^2_N ∗ ε^∗_ν (k_2)ū_Λ(p_2)(k^β_2 g^{νi} − k^i_2g^{νβ} ) e_Q 2M_K∗ Γ^±_i Δ_{βα} [ μ_N ∗ 2M_N γ_j ∓ μ̄_N ∗ 4M^2_N p_{1j} ] Γ^±(k^α_1 g^{μj} − k^j_1g^{μα})u_N (p_1)ε_μ(k_1), (1)

where (k_1, p_1, k_2, p_2) stand for the (γ, p, K^∗, Λ) momenta and μ_N ∗ for the helicity amplitude. The g_K∗_N ∗_Λ and κ_K∗_N ∗_Λ denote the strong vector and tensor coupling strengths, respectively. The polarization vectors for the photon and K^∗ are assigned as ε_μ(k_1) and ε_μ(k_2). The Γ controls the parity of the relevant resonances in the following way:

Γ^±_μ = ( γ_μγ_5 γ_μ ) , Γ^± = ( γ_5 1_{4×4} ) . (2)

Typeset by REVTEX

2

FIG. 1: Total cross section for the γp → K^{∗+}Λ(1116) reaction process. We show the numerical results for the cases including the S11(1535) (left) and S11(1650) (right), varying the coupling constants gK∗N ∗Λ.

Relevant parameters for the resonances are estimated using the experimental and theoretical information [6–8]. In Figure 1, we show the total cross section for the present reaction process, i.e. γp → K^{∗+}Λ(1116). The numerical results are drawn separately for the cases including the S_{11}(1535) (left) and S_{11}(1650) (right), varying the coupling constants g_K∗_N ∗_Λ. As shown in the figure, the cross-section enhancement is observed in the vicinity of the threshold region, if we choose the strong coupling strengths as g_K∗_N ∗_Λ ≈ (4.0 ∼ 9.0). We verified that other nucleon resonances are not so effective to interpret the discrepancy.

III. SUMMARY AND OUTLOOK

In the present work, we have studied the K^∗Λ photoproduction theoretically, employing the tree-level Born approximation and nucleon-resonance contributions below the √ s_{th}. Among the nucleon resonances, the S_{11}(1535) and S_{11}(1650) play a dominant role to reproduce the experimental data. It also turns out that other N^∗ contributions are not so effective to improve the theoretical results. We note that the nucleon resonances beyond the √ s_{th} may contribute to the threshold enhancement, especially due to the D_{13}(2080), since the √ s_{th} for the present reaction process is about 2008 MeV. Related works are under progress and appear elsewhere.

Acknowledgments

The authors are grateful to A. Hosaka for fruitful discussions. The present work is supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (grant number: 2009-0089525). The work of S.i.N. was supported by the grant NRF-2010- 0013279 from National Research Foundation (NRF) of Korea.

[1] LEPS2 (http://www.hadron.jp) and CLAS12 (http://www.jlab.org/Hall-B/clas12) [2] Y. Oh and H. Kim, Phys. Rev. C 74, 015208 (2006). [3] Y. Oh and H. Kim, Phys. Rev. C 73, 065202 (2006).

[4] L. Guo and D. P. Weygand [CLAS Collaboration], arXiv:hep-ex/0601010. [5] Y. Oh, C. M. Ko and K. Nakayama, Phys. Rev. C 77, 045204 (2008). [6] K. Nakamura [Particle Data Group], J. Phys. G 37, 075021 (2010). [7] S. Capstick and W. Roberts, Phys. Rev. D 58, 074011 (1998). [8] S. Capstick and W. Roberts, Prog. Part. Nucl. Phys. 45, S241 (2000).