arXiv:0905.3979v1 [hep-ph] 25 May 2009

The Scalars f_0(980) and a_0(980) as Hadronic Molecules

Tanja Branz ∗, Thomas Gutsche, Valery Lyubovitskij^1

Institut für Theoretische Physik, Universität Tübingen Auf der Morgenstelle 14, D-72076 Tübingen, Germany

Abstract

We discuss the hadronic molecule issue in the light and heavy meson sector. Thereby we use the radiative decays of the scalars f0(980) and a0(980) to study its possible molecular KK̄ structure. Further on we extend our formalism to mesons with open charm and strangeness, D^∗_{s0}(2317) and Ds1(2460), whose hadronic molecule interpretation is analyzed in weak decays with f0(980) in the final state.

Key words: hadronic molecules, weak decays, electromagnetic decays, light, charm and bottom mesons PACS: 13.25.Ft, 13.25.Hw, 14.40.Lb, 14.40.Nd

1. Introduction

There is an ongoing discussion on the structure issue of mesons such as for instance the possible existence of hadronic molecules in the meson sector. In particular mesons lying slightly below a threshold are good candidates for meson-meson bound states. In the following we use a framework which allows for a consistent and fully gauge invariant analysis of hadronic bound states. In addition, the method considers finite size effects which arise due to the extended structure of hadronic molecules.

In the first part we concentrate on the radiative decays of the scalars f_0(980) and a_0(980) within a KK̄ bound state assignment [1]. In the second part we extend our calculations by possible candidates for a molecular structure with open charm and strangeness which are the scalar D^∗_{s0}(2317) -a possible DK bound state- and the axial D_{s1}(2460) lying close to D^∗K threshold. Here we study the weak decays with a second hadronic molecule in the final state, the f_0(980) [2].

∗ Corresponding author.

Email address: tanja.branz@uni-tuebingen.de (Tanja Branz).

1 On leave of absence from the Department of Physics, Tomsk State University, 634050 Tomsk, Russia

Preprint submitted to Elsevier 25 May 2009

2. Theoretical framework

In the present approach mesons lying close to a threshold are assumed to be pure hadronic molecules. In particular we assign S = KK̄ (S = f_0, a_0), D^∗_{s0} = DK and D_{s1} = D^∗K, where K, D and D^∗ represent the isospin doublets (see [3]).

The basic element of our model is provided by the nonlocal Lagrangian describing the coupling of the hadronic molecule H to the respective constituent mesons M_1 and M_2

L_{HM1 M2} = g_H H(x) ∫ dy Φ_H (y^2) M_1(x + w_{21}y) M_2(x + w_{12}y) + H.c. (1)

with w_{ij} =^{mi}_{mi+mj} and the coupling constant g_H .

Finite size effects are considered by the vertex function Φ(y^2) =

∫_d4_k

(2π)^4 e −iky ~Φ(−k2). In momentum space we use a Gaussian form ~Φ(k^2_E ) = exp(−k^2_E /Λ^2) with the size parameter Λ = 0.7 - 1.3 GeV. Provided that the decay amplitude is free of UV divergences we also compute the local limit, where Λ → ∞ simulates point-like interaction.

A self-consistent description of bound states is given by the compositeness condition [4], where we realize a composite object by setting its renormalization constant Z_H to zero. Z_{f0} = 1 − g^2_HΠ̃^′(m^2_H ) = 0 is characterized by the derivative of the mass operator Π(m^2_H ) allowing for a consistent determination of the coupling g_H .

3. Radiative decays

Electromagnetic interaction is included by minimal substitution. In case of nonlocal

Lagrangians (1) we write M^±_{1,2}(y) → exp [ ∓ ie y∫ x dz_μA^μ(z) ] M^±_{1,2}(y) [5] which results

in additional diagrams contributing to the radiative decays (see e.g. Fig. 1 c)). In the hadronic molecule picture all decays proceed via intermediate constituents, here by kaon loops.

Fig. 1. Radiative decays of S → V γ with (S = f_0(980), a_0(980), V = ρ, ω).

The coupling of the kaons to the vectors V = ρ, ω is given by the standard Lagrangian L_{V K}¯_K = g_{ρK}¯_K ρ^μK̄τ i∂_μK + ∑ V =ϕ,ω g_{V K}¯_K V^μK̄ i∂_μK +h.c. with g_{ρK}¯_K = g_{ωK}¯_K =^{gϕKK̄√}_2 = 3

fixed by SU(3) symmetry relations. Our results for the two photon decays and the decays with a final vector meson are summarized in Tabs. 1 and 2. For the production of f_0 and a_0 in ϕ decays we obtain Γ(ϕ → f_0γ) = 0.64 keV and Γ(ϕ → a_0γ) = 0.42 keV.

4. Weak decays

Besides the light meson sector the present framework can also be applied to heavy mesonic bound states such as the D^∗_{s0} and D_{s1}. The weak decays D^∗_{s0} → f_0X and

Table 1 Decay widths Γ(S → γγ), (S = f_0, a_0) in keV.

Γ(f_0 → γγ) Γ(a_0 → γγ) Data [6] 0.29^{+0.07}_{−0.09} Data [7] 0.3 ± 0.1 Our (Λ=1 GeV) 0.25 Theo. (Λ=1 GeV) 0.19 Our (local) 0.29 Theo. (local) 0.23

Table 2 Decay widths Γ(S → V γ) in keV. Decay mode nonlocal local Γ(f_0 → ργ) 7.58 8.09 Γ(f_0 → ωγ) 7.12 7.57 Γ(a_0 → ργ) 6.59 7.18 Γ(a_0 → ωγ) 6.22 6.76

D_{s1} → f_0X proceed via the intermediate constituents of the respective final and initial hadronic molecules (see Fig. 2). The couplings are either taken from experiment or, in the case of hadronic molecules, fixed by the compositeness condition. The results for

Fig. 2. D^∗_{s0} and D_{s1} weak decay processes.

the respective D^∗_{s0} decay modes differ by an order of magnitude as indicated in Tab. 3. Together with Γ(D_{s1} → f_0π) = (2.85 - 4.35)·10^{−11} GeV (Λ_D = 1 - 2 GeV) the weak decays span a region of four orders of magnitude.

Table 3 Decay widths of the weak decays D^∗_{s0} → f_0X (X = K, π, ρ) in GeV. nonlocal local Γ(D^∗_{s0} → f_0K) (1.42 - 1.53)·10^{−15} 2.75 · 10^{−15} Γ(D^∗_{s0} → f_0π) (1.14 - 1.26)·10^{−14} 2.35 · 10^{−14} Γ(D^∗_{s0} → f_0ρ) (1.08 - 1.11)·10^{−13} 1.60 · 10^{−13}

5. Conclusions

The present QFT approach for hadronic molecules based on the Weinberg condition obeys Lorentz covariance and gauge invariance. It provides a consistent determination of production and decay properties. The model includes finite size effects controlled by the size parameters Λ. The electromagnetic decay and production properties are in good agreement with data. Further on we extended our formalism to weak transitions between hadronic molecules which could possibly test the molecular structure as well.

Acknowledgments

This work was supported by the DFG under Contract No. FA67/31-1, No. FA67/31-2, and No. GRK683. This research is also part of the European Community-Research Infrastructure Integrating Activity “Study of Strongly Interacting Matter” (HadronPhysics2, Grant Agreement No. 227431) and of the President grant of Russia “Scientific Schools” No. 871.2008.2. T.B. would like to thank the Organizing Committee of the PANIC 08 for the financial support.

References

[1] T. Branz, T. Gutsche and V. E. Lyubovitskij, Phys. Rev. D 79, 014035 (2009) [2] T. Branz, T. Gutsche and V. E. Lyubovitskij, Phys. Rev. D 78, 114004 (2008); T. Branz, T. Gutsche and V. E. Lyubovitskij, Eur. Phys. J. A 37, 303 (2008).

[3] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, Phys. Rev. D 76, 114008 (2007);

A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, Phys. Rev. D 76, 014005 (2007). [4] S. Weinberg, Phys. Rev. 130, 776 (1963); A. Salam, Nuovo Cim. 25, 224 (1962). [5] J. Terning, Phys. Rev. D 44, 887 (1991).

[6] C. Amsler et al. [Particle Data Group], Phys. Lett. B 667, 1 (2008). [7] C. Amsler, Rev. Mod. Phys. 70, 1293 (1998)