Received: January 12, 1999, Accepted: February 25, 1999

HYPER VERSION

Couplings of pions to higher positive parity heavy mesons

Aldo Deandrea

Institut für Theoretische Physik, Universität Heidelberg, Philosophenweg 19, D-69120 Heidelberg, Deutschland E-mail: deandrea@frodo.tphys.uni-heildelberg.de

Raoul Gatto

Département de Physique Théorique, Université de Genève, 24 quai E.-Ansermet, CH-1211 Genève 4, Suisse E-mail: gatto@sc2a.unige.ch

Giuseppe Nardulli and Antonio D. Polosa

Dipartimento di Fisica, Università di Bari and INFN Bari, via Amendola 173, I-70126 Bari, Italia E-mail: Giuseppe.Nardulli@ba.infn.it, Antonio.Polosa@ba.infn.it

Abstract: We evaluate the couplings of pions in the transitions of positive parity heavy mesons, (1^+, 2^+) and (0^+, 1^+), to negative parity ones (0^−, 1^−) using a technique which is not limited to the soft-pion limit. This is made through a constituent quark-meson model (the CQM model) where the amplitudes are obtained by quark loops with mesons on the external lines. The results are in good agreement with experimental data.

Keywords: Heavy Quarks Physics, QCD, Phenomenological Models.

Contents

1. Introduction 1

2. The model 2

3. Strong couplings 4

4. Conclusions 7

A. Appendix 8

1. Introduction

Positive parity mesons comprising one heavy quark are the object of a wide experimental search [1] and this demands a deeper theoretical understanding of processes involving these states. A theoretical description within QCD can be attempted at present only by numerical simulations or by the use of QCD sum rules. However much of what is known about QCD can also be described by using an effective lagrangean, encoding the symmetries and dynamical properties of the theory with a limited number of parameters. This is possible because the use of expansion parameters, such as the energy or the heavy quark mass, makes sense in some limited kinematical regions, whereas in principle the effective lagrangean description would require an infinite number of operators, and correspondingly an infinite number of free parameters. The effective lagrangean approach is usually simple enough to allow for analytical calculations, thus giving the opportunity to see in detail the interplay between symmetries and dynamical information introduced into the model.

We are interested here in a constituent quark-meson model (namely the CQM model [2, 3]) in the intermediate range of energies between the confinement scale and the 1 GeV region. In this model both quark and meson effective fields are present. In the following we extend the analysis described in [2, 3] to the study of strong decays D^∗_2 → Dπ, D^∗_1 → Dπ. Here the states D^∗_2, D^∗_1 are the observed 2460 and 2420 charmed positive parity mesons. We also generalise the computation of strong decays D^{∗′}_1 → Dπ, D_0 → D^∗π made in [2] avoiding the soft-pion-approximation used there (the D^{∗′}_1 , D_0 states have J^P = 1^+, 0^+).

Our strategy is to consider a quark-meson lagrangean where transition amplitudes are represented by diagrams with heavy mesons attached to loops containing heavy and light constituent quarks. The effective meson-quark vertices emerge as a result of path integral bosonization of an underlying 4-quark Nambu-Jona-Lasinio (NJL) interaction. Our results are encouraging especially in consideration of the technical simplicity that the method offers in comparison to other available approaches, such as for instance in [4].

2. The model

A short presentation of the CQM model is in order; for a full account see [2] and references therein. The model is an effective field theory containing a quark-meson lagrangean incorporating heavy-quark symmetries [5]. For our purposes this lagrangean can be divided into two parts:

L = L_{ℓℓ} + L_{hℓ} . (2.1)

The first term involves only the light quark degrees of freedom, χ, and the pseudoscalar light mass octet. At the lowest order in a derivative expansion one has:

L_{ℓℓ} = χ̄ (iD^μγ_μ + A^μγ_μγ_5) χ − mχ̄χ + f^2_π 8 ∂_μΣ^†∂^μΣ . (2.2)

Apart from the mass term, L_{ℓℓ} is chiral invariant. Here D_μ = ∂_μ − iV_μ, ξ = exp(iπ/f_π), Σ = ξ^2, f_π = 130 MeV. π is the 3 × 3 matrix representing the flavour SU(3) octet of pseudoscalar mesons and the explicit expressions for V^μ and A^μ are:

V^μ = 1 2 (ξ^†∂^μξ + ξ∂^μξ^†) , A^μ = i 2 (ξ^†∂^μξ − ξ∂^μξ^†) . (2.3)

As one can see by expanding the exponential of the pseudoscalar mesons ξ, V^μ generates couplings of an even number of pseudoscalar mesons to the χ̄χ pair, while A^μ gives an odd number of π fields.

The effective lagrangean containing heavy and light quarks together with meson fields is: L_{hℓ} = Q̄_viv · ∂Q_v − [ χ̄ ( H̄ + S̄ + iT̄_μ D^μ Λ_χ ) Q_v + h.c. ] + + 1 2G_3 Tr [ (H̄ + S̄)(H − S) ] + 1 2G_4

Tr[T̄_μT^μ] . (2.4)

Here Q_v denotes the effective heavy quark field of Heavy Quark Effective Theory (HQET) [5], Λ_χ is the momentum scale characterising the convergence of the derivative expansion, usually taken as the chiral symmetry breaking scale Λ_χ ≃ 1 GeV, and H, S, T fields are the effective meson fields discussed in [6] which, in the explicit matrix representation, have the form: H = 1 + v/ 2 [P^∗_μ γ^μ − P γ_5] , S =

1 + v/ 2 [P^{∗′}_{1μ}γ^μγ_5 − P_0] , (2.5)

T^μ =

1 + v/ 2 P^{∗μν}_2 γ_ν − √ 3 2 P^∗_{1ν} γ_5 ( g^{μν} − 1 3 γ^ν (γ^μ − v^μ) ) . (2.6)

Here P, P^∗_μ etc. are annihilation operators normalised in the following way: ⟨ 0|P |Qq̄(0^−) ⟩ = √ M_H , (2.7) ⟨ 0|P^{∗μ}|Qq̄(1^−) ⟩ = ϵ^μ √ M_H , (2.8) ⟨ 0|P^∗_2^{μν} |Qq̄(2^+) ⟩ = ϵ^{μν} √ M_T . (2.9) H, S and T^μ describe respectively the (0^−, 1^−) doublet, the (0^+, 1^+) doublet D_0, D^{∗′}_1 and the (1^+, 2^+) doublet D^∗_1, D^∗_2 that are predicted by HQET. The part in the lagrangean containing the T field is not directly read from the underlying NJL contact interaction, but it constitutes its expected extension. The coupling constants G_3, G_4 and the field renormalization constants Z_H , Z_S, Z_T are discussed in [2] (for numerical values see below). Another parameter of the model is Δ_H , i.e. the difference between the H meson doublet mass and the mass of the heavy quark involved. This parameter is not predicted by the model but, once Δ_H is fixed, the model gives Δ_S (as a result of the dynamical information introduced into the lagrangean by the underlying NJL contact interaction), while Δ_T is still a free parameter that can be estimated using experimental information. The following table was computed in [2]:

We allow for a variation of Δ_H = 0.4 ± 0.1 GeV, Δ_H Δ_S Δ_T

0.3 0.545 0.635 0.4 0.590 0.735 0.5 0.641 0.835

Table 1: Δvalues (in GeV).

since only this range of values is allowed by the results on semileptonic weak decays (for a discussion see [2]).

The last step necessary to the definition of the model is the choice of a regularization procedure. We use the Schwinger proper time regularization method assuming as UV and IR cut-off Λ ≃ 1.25 GeV and μ ≃ 0.3 GeV respectively. The former ensures the suppression of large momentum flows through light quark lines in the loops, since the heavy quark carries most of the energy and momentum in the system; the latter, being of order of Λ_{QCD}, drops the unknown confinement part of the quark interaction (see for example [7]). The regularized form of the heavy quark propagator is: ∫ d^4k_E 1 k^2_E + m^2 → ∫ d^4k_E

∫_{1/μ}2

1/Λ^2 ds e^{−s(k2E +m2)}, (2.10) where m is the constituent light quark mass, which we take as m = 0.3 GeV for u and d flavours. An alternative way of cutting off high momenta is proposed in [8].

3. Strong couplings

As shown in [6], transitions T → Hπ are described by an interaction lagrangean that in HQET has the the following form: L = h_1 Λ_χ Tr [ H̄T^μ(iD_μA/ )γ_5 ] + h_2 Λ_χ Tr [ H̄T^μ(iD/ A_μ)γ_5 ] + h.c. , (3.1)

while for the S → Hπ transitions we have: L = igTr ( HHγ^μγ_5A_μ ) + [ ih Tr ( HSγ^μγ_5A_μ ) + h.c. ] . (3.2)

The general amplitudes, for the processes we are interested in, are defined as follows:

⟨D^+(p^′)π^−(q)|D^{∗0}_2 (p, η)⟩ = ig_1η^{μν} q_μq_ν , (3.3) ⟨D^{∗+}(p^′, ϵ)π^−(q)|D^{∗0}_2 (p, η)⟩ = ig_2η^{μν} q_μϵ_{λσντ} ϵ^{∗λ} p^σ m_T q^τ , (3.4) ⟨D^{∗+}(p^′, ϵ)π^−(q)|D^{∗0}_1 (p, η)⟩ = ig_3η_ν ϵ^∗_σ [ 3q^ν q^σ + g^{νσ} ( q^2 −

(p · q)^2 m_T )] , (3.5)

⟨D^0(p^′)π^+(q)|D^+_0 (p)⟩ = ig_4 m^2_S − m^2_H m_S , (3.6)

⟨D^0(p^′)π^+(q)|D^{∗+}(p, ϵ)⟩ = ig_5q^μϵ_μ , (3.7)

where we are using the HQET definitions of the symbols H, S, T for labelling mesons masses. The connection with h_1, h_2, g, h is:

g_1 = g_2 = 2 √ m_H m_T h^′ Λ_χf_π

, (3.8)

g_3 = √ 2m_H m_T 3 h^′ Λ_χ , f_π

, (3.9)

g_4 = √ m_H m_S h f_π , (3.10)

g_5 = 2m_H f_π g , (3.11)

where h^′ = h_1 + h_2.

Our method consists in a loop calculation of a diagram such as in fig. 1 involving a current and two meson states on the external legs. Let us consider the calculation of T → Hπ , i.e. the determination of h^′.

According to the Feynman rules derived from eq. (2.1) and eq. (3.1), the loop shown in figure may be written as: − i 2 √ Z_H Z_T m_H m_T q^μη^{σν} iN_c 16π^4

∫_{reg}

d^4k

Tr[(k/ + m)γ_μγ_5(k/^′ + m)γ_5(1 + v/)γ_νk_σ] (k^2 − m^2)[(k + q)^2 − m^2](v · k + Δ + iϵ) . (3.12)

The computation of the previous expression can be decomposed in simpler expressions involving integrals such as as Z, Z^σ, Z^{σν} , and Z^{σνλ} (reported in the appendix). The numerators of these integrals are the Lorentz structures 1, k^σ, k^σk^ν , k^σk^ν k^λ respectively.

Once eq. (3.12) is calculated, the cou-

Figure 1: Diagram for the loop calculation of the T → Hπ coupling h^′ in the constituent quark-meson model.

pling h^′ may be obtained by matching the previous calculation in the quark-meson loop model eq. (2.4) with the expression of the effective lagrangean, where the only degrees of freedom are heavy and light mesons eq. (3.1) and h^′ = h_1 + h_2. The same strategy is followed for the evaluation of h and g in eq. (3.2). For the T → Hπ coupling we find:

h^′ = √ Z_T Z_H { m^2 q_π [ I_2 + Δ_T Z(Δ_T ) + 1 2q_π (I_3(Δ_H ) − I_3(Δ_T )) ] + + P (R_i(Δ_T ), S_i(Δ_T ), q_π) } , (3.13)

where the polynomial P (R_i, S_i, q_π), expressed as a sum of powers of q_π multiplied by the linear combinations R_i and S_i of I_i and Z integrals, is given in the appendix, together with the expressions for I_i and Z. The parameter q_π is q_π = v · q where v is the velocity of the incoming meson and q^μ is the pion 4-momentum. Consistently with chiral invariance we neglect the pion mass and we write q^μ = (q_π, 0, 0, q_π) in the decaying particle rest frame. Also, consistently with the effective lagrangean (3.1), containing the minimum number of couplings, in the evaluation of eq. (3.13) we neglected O(q^3_π) terms. Two powers of q_π have to be kept, since they appear in the D-wave matrix element (3.3)–(3.5).

Varying Δ_H in the same range as in table 1, we can evaluate the variation of the field renormalization constants Z_H , Z_S , Z_T defining the renormalized fields Ĥ = H/√Z_H , Ŝ = S/√Z_S and T̂ = T/√Z_T . We only report values of Z_H , Z_S, Z_T for Δ_H = 0.4 which are 2.36, 1.14, 1.07 GeV^{−1}, respectively (see [2] for a complete table).

For the strong coupling S → Hπ we find: h = √ Z_SZ_H [ R_1(Δ_S ) − R_2(Δ_S ) −

R_4(Δ_S ) q_π + m^2Z(Δ_S ) ] . (3.14)

In this calculation we have considered terms only up to the order O(q^1_π), to be consistent with the energy expansion for the chiral fields, as explained before; this result goes beyond the soft pion limit approximation (SPL) which is often used in these calculations (see the discussion below). Numerically we find:

h^′ = 0.65^{+0.45}_{−0.3} , (3.15) where the error is induced by the variation of Δ_H in the range 0.3 − 0.5 GeV. For h we obtain:

h = −0.76 ± 0.13 . (3.16)

Here we use the mass determination of the S-multiplet made in [2] i.e. 2.165 ± 0.05 GeV. The error in this determination does not contribute significantly to h. Note that recent preliminary experimental results by CLEO [9] give a mass of 2.461 GeV for the broad 1^+ state attributed to the S multiplet. This difference may be understood as a consequence of a O(1/m_c) correction to the mass formula.

Using the preliminary CLEO results for the 1^+ mass in the S multiplet (it affects the pion momentum in (3.14)), we get:

h = −0.56 ± 0.11 , (3.17)

which is consistent with the one obtained by QCD sum rules [10]:

h = −0.52 ± 0.17 . (3.18)

The approach used in this paper to calculate the strong coupling constants outside the SPL is an improvement with respect to [2], where we found h = −0.85 ± 0.02 using q_π → 0 from the very beginning. For g, the soft pion limit is instead a very good approximation since the decay D^∗ → Dπ has a very limited phase space. This is confirmed by the evaluation of g made in [2]:

g = 0.46 ± 0.04 . (3.19)

This value agrees with QCD sum rules calculations [11] and with a result from a relativistic constituent quark model [12], giving g = 0.44 ± 0.16 and g = 0.40 respectively.

We conclude by calculating the widths of the T and S states to H plus pion, where the heavy quark is a c quark, since these states are already observed. These two body decay processes, from the chiral heavy meson lagrangean, were already discussed in [6], to which we refer for more details. Using updated experimental data [13] for the masses in the phase space integrals, and our determination of the coupling h^′, we obtain:

Γ(D^{∗0}_2 → D^+π^−) = 3.16 × 10^7 h^{′2} Λ^2_χ

MeV = 13.4MeV , (3.20)

Γ(D^{∗0}_2 → D^{∗+}π^−) = 1.33 × 10^7 h^{′2} Λ^2_χ

MeV = 5.6MeV , (3.21)

Γ(D^{∗0}_1 → D^{∗+}π^−) = 1.47 × 10^7 h^{′2} Λ^2_χ

MeV = 6.2MeV , (3.22)

in which the central value of h^′ = 0.65 is used and f_π = 130 MeV, Λ_χ = 1000 MeV.

The full one pion widths are a factor 1.5 larger than those in the previous formula because of the neutral pion decay channel. As the total D^{∗0}_2 width is dominated by the one pion mode in the chiral heavy meson lagrangean, one can use the experimental result of 23 ± 5 MeV to extract an experimental value for h^′ from the previous formula. One obtains a value of 0.58, which is in good agreement with the value of h^′ predicted by our model. From (3.22) one can also deduce the total one pion width of D^{∗0}_1 , Γ = 9.3 MeV, which is only half the measured total with 18.9^{+4.6}_{−3.5} MeV. However this state can mix with the broader 1^+ state in the S multiplet, the D^′_1 or can be affected by significant 1/m_c corrections [14]. Neglecting this mixing we can compute the width of the D^′_1 state by using the preliminary CLEO result for the mass [9] and the computed strong coupling constant h given in (3.17). We obtain

Γ(D^′_1 → D^∗π) = 240 MeV , (3.23)

which accounts probably for most of the total D^′_1 width due to the limited available phase space. This result can be compared with the preliminary CLEO data for the total width, 290^{+101}_{−79} ± 26 ± 36 MeV.

4. Conclusions

In this paper we have investigated the phenomenological implications for excited positive parity heavy mesons of the model proposed in [2]. The work is experimentally relevant at present for the charm states, for which these transitions are seen, and a comparison with theoretical calculations is indeed needed. We have improved the technique for diagrams involving a pion vertex on the light quark line, achieving a determination of the strong couplings of the pion in the processes S → Hπ which turn out to be very close to the QCD sum rule determinations [10]. Moreover, using a technique which goes beyond the soft-pion-limit approximation, we have calculated the strong coupling of the pion in the transition T → Hπ, where such a limit could not be reliably applied. This coupling is then used to predict, for charmed heavy mesons, the decay widths of the T doublet of states 2^+ and 1^+ to the H states 1^− and 0^− plus one pion.

Acknowledgments

A.D. acknowledges the support of the EC-TMR (European Community Training and Mobility of Researchers) Program on “Hadronic Physics with High Energy Electromagnetic Probes”. This work has also been carried out in part under the EC program Human Capital and Mobility, contract UE ERBCHRXCT940579 and OFES 950200. A.D. would like to thank Dr. Ziwei Lin for pointing out a misprint in the h^′ value obtained from the experimental widths in the last section of the paper.

A. Appendix

In the paper we use several integrals that we list in this appendix.

I_1 = iN_c 16π^4

∫_{reg} d_4k

(k^2 − m^2) = N_cm^2 16π^2 Γ ( −1, m^2 Λ^2 , m^2 μ^2 ) , (A.1)

I_2 = − iN_c 16π^4

∫_{reg} d_4k

(k^2 − m^2)^2 = N_c 16π^2 Γ ( 0, m^2 Λ^2 , m^2 μ^2 ) , (A.2)

I_3(Δ) = − iN_c 16π^4

∫_{reg} d_4k

(k^2 − m^2)(v · k + Δ + iϵ) = = N_c 16 π^{3/2}

∫_{1/μ}2

1/Λ^2 ds s^{3/2} e^{−s(m2−Δ2)} ( 1 + erf(Δ √ s) ) , (A.3)

I_4(Δ) = iN_c 16π^4

∫_{reg} d_4k

(k^2 − m^2)^2(v · k + Δ + iϵ) = = N_c 16π^{3/2}

∫_{1/μ}2

1/Λ^2 ds s^{1/2} e^{−s(m2−Δ2)} [1 + erf(Δ √ s)] . (A.4)

where Γ is the generalised incomplete gamma function and erf is the error function. We also define:

Z(Δ) = iN_c 16π^4

∫_{reg} d_4k

(k^2 − m^2)[(k + q)^2 − m^2](v · k + Δ + iϵ) = N_c 16π^{3/2}

∫_{1/μ}2

1/Λ^2 ds s^{1/2} e^{−sm2} ∫_1 0 dxe^{sΔ2(x)}[1 + erf(Δ(x) √ s)] . (A.5)

Where q^μ = (q_π, 0, 0, q_π) is the pion 4-momentum and Δ(x) = Δ − xq_π. We can observe that the soft pion limit of the preceding expression, i.e. the limit q_π → 0, brings Z(Δ) → I_4(Δ) as it should be, (cfr. I). We need another auxiliary integral and some expressions which are linear combination of the integrals listed. They are the following: Θ = N_c 16π^2

∫_{1/μ}2

1/Λ^2 ds ( 3 − 2q^2_πs

6s^2 ) e^{−sm2} (A.6)

R_1(Δ_T ) = m^2Z(Δ_T ) − I_3(Δ_H ) (A.7) R_2(Δ_T ) = Δ^2_T Z(Δ_T ) + ( q_π 2 + Δ_T ) I_2 (A.8)

R_3(Δ_T ) = q_π 2 ( Δ_T I_3(Δ_T ) − Δ_H I_3(Δ_H ) ) (A.9)

R_4(Δ_T ) =

Δ_T 2 ( I_3(Δ_T ) − I_3(Δ_H ) ) (A.10)

S_1(Δ_T ) = Θ −

Δ_T h 2 I_2 − Δ^2_T I_2 − Δ^3_T Z(Δ_T ) (A.11)

S_2(Δ_T ) = I_1 + Δ_T I_3(Δ_H ) − m^2I_2 − m^2Δ_T Z(Δ_T ) (A.12)

S_3(Δ_T ) = q_π ( I_1 + Δ_H I_3(Δ_H ) ) + m^2 2 ( I_3(Δ_H ) − I_3(Δ_T ) ) (A.13)

S_4(Δ_T ) = q_π 2 I_1 +

Δ^2_T 2 ( I_3(Δ_H ) − I_3(Δ_T ) ) (A.14)

S_5(Δ_T ) = q_πΔ_T 2 ( Δ_H I_3(Δ_H ) − I_3(Δ_T ) ) , (A.15)

where q_π = v · q.

We next define the following polynomial: P (R_i, S_i, q_π) = − 1 88q^4_π [ 8q^3_π(11mR_1 + 4S_1 − 6S_2) + 2q^2_π ( −176mR_4 + 14S_1 + S_2 +

+ 8S_3 + 48S_4 ) + 3q_π(88mR_3 + S_3 − 16S_4 − 32S_5) + 15S_5 ] , which is used in the equation for h^′.

References

[1] D. Buskulic et al., ALEPH Collaboration, Z. Physik C 73 (1997) 601; Phys. Lett. B 395 (1997) 373;

K. Ackerstaff et al., OPAL Collaboration, Z. Physik C 76 (1997) 425; P. Avery et al., CLEO Collaboration, Phys. Lett. B 331 (1994) 236, erratum ibid. B 342 (1994) 453 [hep-ph/9403359].

[2] A. Deandrea, N. Di Bartolomeo, R. Gatto, G. Nardulli, A.D. Polosa, Phys. Rev. D 58 (1998) 034004 [hep-ph/9802308];

A. Deandrea, A constituent Quark-Meson model for Heavy Meson Decays,

hep-ph/9809393, presented at the 29th International Conference on High-Energy

Physics (ICHEP 98), Vancouver, Canada, 23-29 July 1998.

[3] A. Deandrea, R. Gatto, G. Nardulli, A.D. Polosa, Phys. Rev. D 59 (1999) 074012 [hep-ph/9811259].

[4] T.M. Aliev, N.K. Pak and M. Savci Phys. Lett. B 390 (1997) 335 [hep-ph/9608351];

Y.B. Dai, S.L. Zhu, Eur. Phys. J. C 6 (1999) 307 [hep-ph/9802227].

[5] H. Georgi, contribution to the Proceedings of TASI 91, R.K. Ellis ed., World Scientific, Singapore,1991;

B. Grinstein, contribution to High Energy Phenomenology, R. Huerta and M.A. Peres eds., World Scientific, Singapore, 1991;

N. Isgur and M. Wise, contribution to Heavy Flavours, A. Buras and M. Lindner eds., World Scientific, Singapore,1992;

M. Neubert, Phys. Rep. 245 (1994) 259 [hep-ph/9306320].

[6] A. Falk and M. Luke Phys. Lett. B 292 (1992) 119 [hep-ph/9206241].

[7] D. Ebert, T. Feldmann, R. Friedrich and H. Reinhardt, Nucl. Phys. B 434 (1995) 619 [hep-ph/9406220];

D. Ebert, T. Feldmann and H. Reinhardt, Phys. Lett. B 388 (1996) 154 [hep-ph/9608223].

[8] B. Holdom and M. Sutherland, Phys. Rev. D 47 (1993) 5067 [hep-ph/9211226]; Phys.

Lett. B 313 (1993) 447 [hep-ph/9212277]; Phys. Rev. D 48 (1993) 5196; B. Holdom, M. Sutherland and J. Mureika, Phys. Rev. D 49 (1994) 2359 [hep-ph/9310216].

[9] M.M. Zoeller for the CLEO collaboration, talk at American Physical Society DPF’99, http://www.physics.ucla.edu/dpf99/trans/3-16.pdf.

[10] P. Colangelo, F. De Fazio, G. Nardulli, N. Di Bartolomeo and R. Gatto Phys. Rev. D 52 (1995) 6422 [hep-ph/9506207].

[11] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, F. Feruglio, R. Gatto and G. Nardulli, Phys. Rep. 281 (1997) 145 [hep-ph/9605342].

[12] P. Colangelo, F. De Fazio and G. Nardulli, Phys. Lett. B 334 (1994) 175 [hep-ph/9406320].

[13] C. Caso et al. (Particle Data Group), Eur. Phys. J. C 3 (1998) 1.

[14] A.F. Falk and T. Mehen, Phys. Rev. D 53 (1996) 231 [hep-ph/9507311].