arXiv:hep-ph/0306155 v1 17 Jun 2003

Explaining the D^∗_{sJ} (2317)^+

Eef van Beveren

Centro de Física Teórica Departamento de Física, Universidade de Coimbra P-3004-516 Coimbra, Portugal eef@teor.fis.uc.pt

George Rupp

Centro de Física das Interacções Fundamentais Instituto Superior Técnico, Edifício Ciência P-1049-001 Lisboa Codex, Portugal george@ajax.ist.utl.pt

PACS number(s): 11.55.Bq, 12.39.Pn, 13.75.Lb, 14.40.Lb

Talk given at The 25th annual Montreal-Rochester-Syracuse-Toronto Conference on High-Energy Physics Joefest in the honor of the 65th birthday of Joseph Schechter May 13 - 15, 2003, Syracuse (NY)

hep-ph/0306155

June 17, 2003

Abstract The recently observed D^∗_{sJ} (2317)^+ meson is explained as a scalar cs̄ system which appears as a bound state pole, below threshold, in the DK scattering amplitude. The standard cs̄ charmed scalar D_{s0} is found at about 2.9 GeV, with a width of some 150 MeV.

For the scattering length of DK in S wave we predict 5 ± 1 GeV^{−1}.

1 Introduction

The D^∗_{sJ} (2317)^+ state has, since its discovery [1] by the BABAR collaboration (see also Refs. [2,3]), raised several interesting questions on its nature [4–15]. However, the light-scalar-meson hypothesis from unitarization [16] has made important progress with the discovery of the D^∗_{sJ} (2317)^+ state (most likely J = 0). Not often it happens that in experiment a state is discovered which seems difficult to handle within other theories [17–21], but can be explained by the unitarization hypothesis without extra ingredients.

Of course, this happened before with the light scalar mesons, which can easily be handled within a unitarized model for all non-exotic mesons [22], without making any distinction between the heavier scalar mesons and the light ones. But seventeen years after the publication of these results [16], their implications are still not fully understood, nor applied in data analysis.

In the specific case of the D^∗_{sJ} (2317)^+ state, just by applying the model parameters established twenty years ago [23], the unitarization scheme results in a bound state below the DK threshold, for a cs̄ confinement spectrum with ground state at 2.545 GeV, almost 200 MeV above the DK threshold. This achievement is entirely similar to the extra states obtained by the same model for the light scalars. No additional interactions are necessary to explain the scalar mesons.

2 Unitarization

In the unitarization scheme, we describe meson-meson scattering by the wave equation

ψ_f (⃗r ) = (E − H_f )^{−1} V_t (E − H_c)^{−1} V_t ψ_f (⃗r ) . (1) The operators H_f and H_c respectively describe the dynamics of two free mesons and of a confined quark-antiquark system. The latter is supposed to generate an infinity of confinement states. Transitions from confined quarks to free mesons, mediated by quark-antiquark-pair creation, is described by V_t.

By comparison of Eq. (1) with the usual expressions for scattering wave equations, we conclude that the generalized potential V for meson-meson scattering is given by

V = V_t (E − H_c)^{−1} V_t . (2) With the definitions given in Appendix A, in particular formulae (7), (17) and Table 1, we obtain for the partial-wave scattering phase shift generated by wave equation (1) the result

cotg (δ_ℓ(p)) = πλ^2μp ∞∑ n=0 J^∗_{nℓ}(p) N_{nℓ}(p) E(p) − E_{nℓc} − 1 πλ^2μp ∞∑ n=0 J^∗_{nℓ}(p) J_{nℓ}(p) E(p) − E_{nℓc} . (3)

The expression (3), which is an exact solution of Eq. (1), is very compact and elegant. But the summations over the radial excitations of the confined system do not converge fast. Hence, for the numerical calculation of scattering quantities it is not suitable. A more practical method has been described in Ref. [24]. Nevertheless, because of its close contact with the physical situation, expression (3) is extremely comprehensible, and useful as a starting point for making approximations.

For example, when we are studying a limited range of energies, we may restrict the summation to only the few terms near in energy, characterized by E_{nℓc} in Eq. (3), and approximate the remaining terms by a simple function of p, the relative meson-meson linear momentum. Notice, however, that the resulting expression is only of the type of a Breit-Wigner (BW) expansion when the strength of the transition, characterized by λ, is small. For larger values of λ, expression (3) behaves very differently from BW expansions.

Another, in practice very useful approximation is inspired by the radial dependence of the transition potential V_t, which is depicted in Ref. [25] for meson-meson scattering in the cases J^P = 0^−, J^P = 1^−, and J^P = 0^+, We find there that V_t is peaked at short distances. If we, moreover, take into account that eigenfunctions of the confinement Hamiltonian H_c must also be of short range, then we may just define a transition radius a and approximate the spatial integrals of formula (17) by choosing a spherical delta shell U(r) = δ(r − a). In this case we end up with the expression

cotg (δ_ℓ(p)) ≈

2a^4λ^2μp j_ℓ(pa) n_ℓ(pa) ∞∑ n=0 |F_{nℓc} (a)|^2 E(p) − E_{nℓc} − 1 2a^4λ^2μp j^2_ℓ (pa) ∞∑ n=0 |F_{nℓc} (a)|^2 E(p) − E_{nℓc} . (4)

This way we have pulled the p dependence outside the infinite summation over the radial confinement spectrum, which makes it much easier to handle truncations, as now the rest term does not depend on p and may thus be chosen constant. Our recent detailed analyses of scalar mesons have actually been performed in the approximation of formula (4).

Figure 1: Theoretical cross section σ as a function of the strength of the transition potential, characterized by λ, for Kπ elastic S-wave scattering, coupled to a confinement spectrum with ground state at 1.389 GeV and level spacing of 380 MeV (model parameters taken from Ref. [23]).

In Fig. (1) we show how the model’s cross section varies with λ in the approximation given in Eq. (4), using harmonic-oscillator confinement. The first two plots (λ = 0.2 and 0.3) show separate peaks, not very different from a sum of BW resonances. For larger values of λ, the cross section gets more and more distorted, certainly not suited for a description in terms of separate or overlapping BW resonances. The physical value for the strength of the transition potential comes in our model at around λ = 0.75, for which value we find a broad structure peaking at some 830 MeV, representing the recently confirmed [16,26] K^∗_0 (800) (or κ) resonance. Note that the latter structure is already showing up for smaller coupling, and is clearly not related to the ground state of the J^P = 0^+ sd̄ confinement spectrum, at 1.389 GeV for the model parameters from Ref. [23].

The plots for λ = 0.75 and λ = 1.0 in Fig. 1 show structures in the scattering cross section that are certainly not well approximated by sums over BW resonances. Nevertheless, expression (3) has several features in common with BW resonances.

A BW resonance is characterized by a singularity in the lower-half of the complex-energy plane (second Riemann sheet for single-channel scattering). The real part E_0 and the imaginary part Γ/2 of the pole are about equal to the central resonance position and half the width of the resonance, respectively.

In our model, as we have the disposal of an analytic expression, given in Eq. (3), we can determine the pole positions exactly. For small values of λ, the relation between the central peak and width of a structure in the cross section can rather well be read from the real and imaginary part of the pole. However, for larger values of λ, poles of the scattering amplitude are not always close to the corresponding peaking structure in the cross section.

Nevertheless, poles are very useful, because they constitute a clean tool to relate phenomena of different hadronic systems [16,27–30]. For example, only through the hypothetical movements of the poles in the complex-energy plane we can show that the f_0(600), f_0(980), K^∗_0 (800) [26] and a_0(980) are manifestations of the same phenomenon, but for different flavors [31].

3 The scalar mesons

The scalar mesons represent the most noteworthy result [16] of the unitarized model given in formula (1). In the recent past, scalar mesons have been the subject of many investigations, in a variety of approaches. Strong and electroweak interaction properties of scalar mesons were studied in Refs. [32–34], quark and glue contents of the isoscalars f_0 in Refs. [35–50], the κ(800) in Refs. [31, 32, 51–53], the isovectors a_0 in Ref. [54, 55], dynamically generated scalar mesons in Ref. [56], analogy with the Higgs boson in Refs. [57–59], effects of scalar mesons in decay processes and coupling to meson-meson scattering in Refs. [60–62], a_0/f_0 mixing in Ref. [63–66], mixing of light and heavy scalar mesons in Refs. [67,68], and properties of scalar mesons at finite temperatures in Ref. [69].

Our understanding of the scalar mesons is based on studying the corresponding pole positions, and their movements as a function of the coupling λ. A pole which stems from a confinement state moves towards the energy eigenvalue of that state when λ is changed to smaller values. However, we observe that besides the poles stemming directly from the confinement spectrum, there exist poles in the scattering amplitude which disappear into the background for vanishing λ. These somehow originate in the bulk of the sum over the radial excitations in expression (3), and are not related to any state in particular.

Moreover, we observe that the lightest ℓ = 1 qq̄ scalar mesons can only reside somewhere between 1.3 and 1.5 GeV in the confinement spectrum, with the model parameters of Ref. [23]. The latter have been adjusted to bottomonium, charmonium, the light vector states, and to P -wave meson-meson scattering data, whenever available in the early eighties.

Finally, we observe that the extra poles in the scattering amplitude come close enough to the real-energy axis only in the case of S-wave scattering. There, they show up somewhere close to the lowest threshold, for energies below the ground states of the confinement spectrum.

For the physical value of the model parameter λ, a specific value has been selected by Nature. But in our model we can vary λ. This way, we can find out where poles are moving for smaller or larger values of the coupling.

4 The D^∗_{sJ} (2317)^+ state

For DK elastic S-wave scattering, we adopt the same expression that has been used for Kπ as described in Ref. [31]. We only have to substitute the confinement masses of ds̄ by those for cs̄, thereby using the parameters of Ref. [23]. For the ground state of the J^P = 0^+ cs̄ confinement spectrum, the mass comes out at 2.545 GeV. The first radial excitation is then 380 MeV (the model’s level spacing) higher in mass. The summation over the higher radial excitations in Eq. (4) we approximate by a constant, normalized to 1. The relative couplings of the ground state and the first radial excitation to the DK channel are 1.0 and 0.2, respectively [31]. Thus we obtain ∞∑ n=0 |F_{n,1}(a)|^2 E(p) − E_{n,1} −→ 1.0 E(p) − 2.545 + 0.2 E(p) − 2.925 − 1 GeV^2 . (5)

For expression (4) with the substitution (5), and furthermore for the physical value of λ (meaning the value fitting Kπ elastic S-wave scattering from threshold up to 1.6 GeV [31]), we depict the resulting DK elastic S-wave cross section in Fig. 2. The corresponding pole positions in the complex-energy plane for the D^∗_{s0} ground state and first radial excitation are shown in Ref. [6]. These are found at 2.28 GeV and (2.78 − i 0.093) GeV, respectively .

Figure 2: Theoretical cross section σ for DK S-wave elastic scattering (model parameters taken from [23]).

Notice from Fig. 2 that in the region around 2.55 GeV, where quark models predicted J^P = 0^+ cs̄ states [17,21], we find no structure in the cross section, nor poles in the scattering amplitude. On the contrary, employing confinement plus unitarization, we find structures in the cross section some 250 MeV below and 400 MeV above that value, which explains the observation of the (probable) D^∗_{s0} ground state below the DK threshold, and predicts for the first radial excitation a resonance somewhere between 2.8 and 3.0 GeV, with a width of some 100–200 MeV. Based on Fig. 2, we may also predict the scattering length for DK elastic S-wave scattering. Keeping in mind that the J^P = 0^+ cs̄ ground state comes out a little bit too low in mass with our value of λ, we estimate the theoretical error by varying λ. For a conservative choice, we obtain

scattering length DK in S wave = 5 ± 1 GeV^{−1} . (6)

5 Conclusions

The two most important aspects of strong interactions for hadrons are confinement and OZIallowed real or virtual decay, which effectively describe gluonic interactions and quark-pair creation/annihilation, respectively. These are the only ingredients entering the model defined in Eq. (1), which, with a fixed small set of parameters, can reasonably describe hadronic phenomena ranging in energy from the light scalars up to bottomonium.

Here, we have discussed the model’s results for the J^P = 0^+ cs̄ states coupled to the DK channel. For the DK S-wave scattering length we predict the value 5 ± 1 GeV^{−1}.

A The T matrix for meson-meson scattering

First, we introduce the operators H_c, describing the confinement dynamics in the interaction region, H_f , representing the dynamics of the scattered particles at large distances, and V_t, which stands for the transitions between these two sectors. For an arbitrary spherically symmetric confinement potential V_c, we define these operators in configuration space by

H_c = − ∇^{2r}2μ_c + m_q + m_{q̄} + V_c(r) , H_f = −∇^{2r}2μ + M_1 + M_2 , and V_t = λ U (r) . (7)

The various mass parameters of Eq. (7) are defined in Table 1. The transition potential V_t, which provides the communication between the confined channel and the scattering channel, is in agreement with the potentials [25] that may describe the breaking of the color string.

Before performing the calculations to all orders, we write the transition operator as

T = ( 1 − V G_f )^{−1} V (8) symbol definition m_q (m_{q̄}) constituent (anti-)quark mass μ_c reduced mass in confinement channel M_{1,2} meson masses μ reduced mass in scattering channel

Table 1: Mass parameters used in Eq. (7).

= { 1 + V G_f + V G_f V G_f + V G_f V G_f V G_f + · · · } V = ∞∑ N =0

(V G_f )^N V ,

where G_f represents the free boson propagator associated with the Hamiltonian H_f in Eq. (7), given by

G_f ( ⃗k^′ , ⃗k ; z ) = ⟨ ⃗k^′ | | |(z − H_f )^{−1} | | | ⃗k ⟩ = 2μ 2μz − k^2 δ^{(3)} ( ⃗k − ⃗k^′ ) . (9)

The matrix elements of the T operator follow from Eq. (8) by

⟨⃗p | T | | |⃗p^′ ⟩ = ∫ d^3k ∞∑ N =0 ⟨⃗p | (V G_f )^N | | |⃗k ⟩ ⟨ ⃗k | | | V | | |⃗p^′ ⟩ . (10)

For the generalized potential (2), the Born term takes the form

V ( ⃗p , ⃗p^′ ) = ⟨⃗p | V | | |⃗p^′ ⟩ = ⟨⃗p | V_t (E(p) − H_c)^{−1} V_t | | |⃗p^′ ⟩ . (11)

The total center-of-mass energy E and the linear momentum p are, through Eq. (7), related by E(p) = ⃗p^2 2μ + M_1 + M_2 . (12)

We denote the properly normalized eigensolutions of the operator H_c in Eq. (7), corresponding

to the energy eigenvalue E_{nℓc} , by ⟨⃗r |nℓ_cm_c ⟩ = Y_{ℓcmc} (r̂) F_{nℓc} (r) , with n = 0, 1, 2, . . . ℓ_c = 0, 1, 2, . . . m = −ℓ_c, . . ., +ℓ_c . (13)

So, by letting the self-adjoint operator H_c act to the left in Eq. (11), we find ⟨⃗p | V | | |⃗p^′ ⟩ = ∑ nℓ_c m_c ⟨⃗p | V_t |nℓ_cm_c⟩ ⟨nℓ_cm_c| (E(p) − H_c)^{−1} V_t | | |⃗p^′ ⟩

= ∑ nℓ_c m_c ⟨⃗p | V_t |nℓ_cm_c⟩ ⟨nℓ_cm_c| E(p) − E_{nℓc} V_t | | |⃗p^′ ⟩ . (14)

The individual matrix elements in the sum of formula (14) result in ⟨nℓ_cm_c| V_t | | |⃗k ⟩ = λ (i)^ℓ J_{nℓ}(k) Y^∗_{ℓm} ( k̂ ) , (15) where, in order to simplify the expressions, we define the quantities J_{nℓ}(p) = √ 2 π ∫ r^2dr j_ℓ (pr) U (r) F^∗_{nℓc} (r)

N_{nℓ}(p) = √ 2 π ∫ r^2dr n_ℓ (pr) U (r) F^∗_{nℓc} (r) (16)

H^{(1,2)}_{nℓ} (p) = J_{nℓ}(p) ± i N_{nℓ}(p) = √ 2 π ∫ r^2dr h^{(1,2)}_ℓ (pr) U (r) F^∗_{nℓc} (r) .

At this stage we should pay some attention to the quantum numbers of the two coupled systems, since the operator V_t mediates between systems with different quantum numbers. From parity conservation we deduce that the relative orbital angular momenta ℓ of a meson-meson pair and ℓ_c of the confined quark-antiquark pair differ by at least one unit. Also the total intrinsic spins are different for the two systems, when C parity is taken into account. The conservation of J, P , C, isospin, flavor, and color can be formulated in a consistent way [25, 70, 71], but we do not intend to go into details here. We just should recall that there exists a relation between (ℓ_c, m_c) and (ℓ, m), and moreover that the overlap integral expressing this relation is absorbed into λ. For the full Born term (14), we then obtain ⟨⃗p | V | | |⃗p^′ ⟩ = λ^2 4π ∑ ℓ (2ℓ + 1)P_ℓ (p̂ · p̂^′) ∑ n J^∗_{nℓ}(p) J_{nℓ}(p^′) E(p) − E_{nℓc} . (17)

Similarly, one may determine the N+1-st-order term ⟨⃗p | (V G_f )^{N +1} | | |⃗k ⟩ of Eq. (10), yielding

⟨⃗p | (V G_f )^{N +1} | | |⃗p^′ ⟩ = λ^2 4π ∑ ℓ (2ℓ + 1) ( −i πλ^2μp ) ∑ n J^∗_{nℓ}(p) H^{(1)}_{nℓ} (p) E(p) − E_{nℓc} N ×

× P_ℓ (p̂ · p̂^′) ∑ n^′ J^∗_n′_ℓ(p) J_n′_ℓ(p^′) E(p) − E_n′_{ℓc} 2μ 2μ_f z − p^{′2} . (18)

From Eqs. (17) and (18), we find for the matrix elements of the product (V G_f )^N V the expression ∫ d^3k ⟨⃗p | (V G_f )^N | | |⃗k ⟩ ⟨ ⃗k | | | V | | |⃗p^′ ⟩ = λ^2 4π ∑ ℓ (2ℓ + 1) ( −i πλ^2μp ) ∑ n J^∗_{nℓ}(p) H^{(1)}_{nℓ} (p) E(p) − E_{nℓc} N ×

× P_ℓ (p̂ · p̂^′) ∑ n^′ J^∗_n′_ℓ(p) J_n′_ℓ(p^′) E(p) − E_n′_{ℓc} . (19)

The terms labelled with N in Eq. (19) can be summed up, resulting in a compact final formula for the matrix elements of the transition operator T in Eq. (10), reading

⟨⃗p |T | | |⃗p^′ ⟩ = λ^2 4π ∞∑ ℓ=0 (2ℓ + 1) P_ℓ (p̂ · p̂^′) ∞∑ n=0 J^∗_{nℓ}(p)J_{nℓ}(p^′) E(p) − E_{nℓc} 1 + iπλ^2μp ( λa μ_c )_{2 ∞}∑ n=0 J^∗_{nℓ}(p)H^{(1)}_{nℓ} (p) E(p) − E_{nℓc} .

(20)

Acknowledgments: We wish to express here our gratitude to Joseph Schechter and his collaborators for their encouraging support to our work, which has been very much appreciated by us, and received as a good stimulus to continue our research. One of us (EvB) wishes to thank the organizers of the Joefest conference for kindly inviting him and for their warm hospitality. He, moreover, thanks Christoph Hanhart, Francesco Sannino, and José Peláez for interesting and useful discussions. This work was partly supported by the Fundação para a Ciência e a Tecnologia of the Ministério da Ciência e da Tecnologia of Portugal, under contract number POCTI/FNU/49555/2002.

References

[1] B. Aubert et al. [BABAR Collaboration], arXiv:hep-ex/0304021.

[2] D. Besson et al. [CLEO Collaboration], to appear in Proc. 8th Conference on the Intersections of Particle and Nuclear Physics (CIPANP 2003), New York, 19–24 May 2003, arXiv:hep-ex/0305017.

[3] D. Besson [CLEO Collaboration], arXiv:hep-ex/0305100.

[4] Robert N. Cahn and J. David Jackson, arXiv:hep-ph/0305012.

[5] T. Barnes, F. E. Close, and H. J. Lipkin, arXiv:hep-ph/0305025.

[6] Eef van Beveren and George Rupp, arXiv:hep-ph/0305035.

[7] H. Y. Cheng and W. S. Hou, arXiv:hep-ph/0305038.

[8] William A. Bardeen, Estia J. Eichten, and Christopher T. Hill, arXiv:hep-ph/0305049.

[9] Adam P. Szczepaniak, arXiv:hep-ph/0305060.

[10] Stephen Godfrey, arXiv:hep-ph/0305122.

[11] P. Colangelo and F. De Fazio, arXiv:hep-ph/0305140. [12] Gunnar S. Bali, arXiv:hep-ph/0305209. [13] K. Terasaki, arXiv:hep-ph/0305213.

[14] J. Ellis, Y. Frishman, and M. Karliner, arXiv:hep-ph/0305292.

[15] J. L. Rosner, Invited talk at 4th International Symposium on LHC Physics and Detectors (LHC 2003), Batavia, Illinois, 1-3 May 2003, arXiv:hep-ph/0305315.

[16] E. van Beveren, T. A. Rijken, K. Metzger, C. Dullemond, G. Rupp, and J. E. Ribeiro, Z.

Phys. C 30, 615 (1986).

[17] S. Godfrey and R. Kokoski, Phys. Rev. D 43, 1679 (1991).

[18] Maciej A. Nowak, Mannque Rho, and I. Zahed, Phys. Rev. D 48, 4370 (1993) [arXiv:hepph/9209272].

[19] William A. Bardeen and Christopher T. Hill, Phys. Rev. D 49, 409 (1994) [arXiv:hepph/9304265].

[20] D. Ebert, T. Feldmann and H. Reinhardt, Phys. Lett. B 388, 154 (1996) [arXiv:hepph/9608223].

[21] M. Di Pierro and E. Eichten, Phys. Rev. D 64, 114004 (2001) [arXiv:hep-ph/0104208]. [22] Eef van Beveren and George Rupp, Proc. Workshop Recent Developments in Particle and Nuclear Physics, April 30, 2001, Coimbra (Portugal), ISBN 972-95630-3-9, pp. 1–16 [arXiv:hep-ph/0201006].

[23] E. van Beveren, G. Rupp, T. A. Rijken, and C. Dullemond, Phys. Rev. D 27, 1527 (1983). [24] C. Dullemond, G. Rupp, T. A. Rijken, and E. van Beveren, Comp. Phys. Comm. 27, 377 (1982).

[25] E. van Beveren, Z. Phys. C 21, 291 (1984).

[26] E. M. Aitala et al. [E791 Collaboration], Phys. Rev. Lett. 89, 121801 (2002) [arXiv:hepex/0204018].

[27] Eef van Beveren, George Rupp, Nicholas Petropoulos, and Frieder Kleefeld, AIP Conf. Proc.

660, 353 (2003) [arXiv:hep-ph/0211411].

[28] M. Hirano, T. Honda, K. Kato, Y. Matsuda and M. Sakai, Phys. Rev. D 51, 2353 (1995). [29] F. Kleefeld, arXiv:nucl-th/0212008.

[30] J. R. Peláez and A. Gómez Nicola, arXiv:hep-ph/0301049.

[31] Eef van Beveren and George Rupp, Eur. Phys. J. C 22, 493 (2001) [arXiv:hep-ex/0106077]. [32] J. L. Lucio Martinez and Mendivil Napsuciale, Phys. Lett. B 454, 365 (1999) [hepph/9903234].

[33] C. M. Shakin, Phys. Rev. D 65 (2002) 114011.

[34] Amand Fäßler, T. Gutsche, M. A. Ivanov, V. E. Lyubovitskij, and P. Wang, arXiv:hepph/0304031.

[35] N. N. Achasov, arXiv:hep-ph/0201299.

[36] S. Godfrey, Invited talk at 31st International Conference on High Energy Physics (ICHEP 2002), Amsterdam, The Netherlands, 24–31 Jul 2002, arXiv:hep-ph/0210400.

[37] Hai-Yang Cheng, Phys. Rev. D 67, 034024 (2003) [arXiv:hep-ph/0212117]. [38] P. Colangelo and F. De Fazio, Phys. Lett. B 559, 49 (2003) [arXiv:hep-ph/0301267]. [39] M. Wolke et al., Presented at Meson 2002, 7th International Workshop on Meson Production, Properties and Interaction, Cracow, Poland, 24–28 May 2002, published in Cracow 2002, Production, properties and interaction of mesons, pp. 167–177 [arXiv:nuclex/0302007].

[40] V. V. Anisovich, L. G. Dakhno, and V. A. Nikonov, arXiv:hep-ph/0302137. [41] M. Wolke et al., Talk given at 16th International Conference on Particles and Nuclei (PANIC 02), Osaka, Japan, 30 Sep - 4 Oct 2002, arXiv:nucl-ex/0302013.

[42] A. H. Fariborz, arXiv:hep-ph/0302133.

[43] A. Bramon and R. Escribano, arXiv:hep-ph/0305043. [44] S. F. Tuan, arXiv:hep-ph/0303248. [45] Chuan-Hung Chen, arXiv:hep-ph/0210028. [46] V. V. Anisovich, arXiv:hep-ph/0208123.

[47] P. Kowina et al., Presented at Conference on Quarks and Nuclear Physics (QNP 2002), Jülich, Germany, 9-14 Jun 2002, arXiv:nucl-ex/0302014.

[48] Chuan-Hung Chen, Phys. Rev. D 67, 094011 (2003) [arXiv:hep-ph/0302059]. [49] Ignacio Bediaga and Marina Nielsen, arXiv:hep-ph/0304193.

[50] L. Montanet, in Nyiri, J. (ed.): The Gribov theory of quark confinement, pp. 275-296. [51] Long Li, Bing-song Zou, and Guang-lie Li, Phys. Rev. D 67, 034025 (2003) [arXiv:hepph/0211026].

[52] Ignacio Bediaga, To appear in the proceedings of QCD 02: High-Energy Physics International Conference in Quantum Chromodynamics, Montpellier, France, 2-9 July 2002.

[53] Muneyuki Ishida, The present status on σ and κ meson properties, To appear in proceedings of YITP - RCNP Workshop on Chiral Restoration in Nuclear Medium, Kyoto, Japan, 7-9 Oct 2002, [arXiv:hep-ph/0212383].

[54] Kim Maltman, Phys. Lett. B 462, 14 (1999) [arXiv:hep-ph/9906267]. [55] A. Gokalp, A. Küçükarslan, S. Solmaz and O. Yilmaz, J. Phys. G 28 (2002) 2783 [Erratumibid. G28 (2002) 3021] [arXiv:hep-ph/0205016].

[56] M. Boglione and M. R. Pennington, Phys. Rev. D 65, 114010 (2002) [arXiv:hep-ph/0203149]. [57] A. Abdel-Rehim, D. Black, A. H. Fariborz, S. Nasri, and J. Schechter, arXiv:hepph/0305083.

[58] Y. B. Dai and Y. L. Wu, arXiv:hep-ph/0304075.

[59] Nils A. Törnqvist, Invited talk at International Workshop on Chiral Fluctuations in Hadronic Matter, Orsay, France, 26-28 Sep 2001, arXiv:hep-ph/0201171.

[60] Amir H. Fariborz and Joseph Schechter, Phys. Rev. D 60, 034002 (1999) [hep-ph/9902238]. [61] D. M. Black, Exploration Of The Existence And Implications Of A Light Scalar Meson Nonet Using Effective Chiral Lagrangian Models, UMI-30-19135-mc, Ph.D.Thesis.

[62] Jian-yang He, Z. G. Xiao, H. Q. Zheng, Phys. Lett. B 536 (2002) 59 [Erratum-ibid. B 549 (2002) 362] [arXiv:hep-ph/0201257].

[63] Deirdre Black, Masayasu Harada and Joseph Schechter, Phys. Rev. Lett. 88 (2002) 181603 [arXiv:hep-ph/0202069].

[64] Abdou M. Abdel-Rehim, Deirdre Black, Amir H. Fariborz, Joseph Schechter, Phys. Rev. D 67, 054001 (2003) [arXiv:hep-ph/0210431].

[65] D. Black, M. Harada, and J. Schechter, arXiv:hep-ph/0303223.

[66] M. Büscher, F. P. Sassen, N. N. Achasov and L. Kondratyuk, Contribution to the workshop on the future physics program at COSY-Jülich, CSS2002, arXiv:hep-ph/0301126.

[67] T. Teshima, I. Kitamura, and N. Morisita, arXiv:hep-ph/0305296. [68] J. A. Oller, arXiv:hep-ph/0306031.

[69] M. J. Vicente Vacas and E. Oset, arXiv:nucl-th/0204055. [70] E. van Beveren, Z. Phys. C 17, 135 (1983).

[71] T. M. Aliev, I. Kanik, and M. Savci, arXiv:hep-ph/0305056.