arXiv:0904.2484v1 [hep-ph] 16 Apr 2009

Radiative decays of scalar mesons σ(600), f_0(980) and a_0(980) in the local Nambu-Jona-Lasinio model

M. K. Volkov,^∗ E. A. Kuraev,^† and Yu. M. Bystritskiy^‡ Joint Institute for Nuclear Research, Dubna, Russia

The two-photon decay widths of scalar mesons σ(600), f0(980) and a0(980) as well a0 → ρ(ω)γ and f0 → ρ(ω)γ are calculated in the framework of the local Nambu-Jona-Lasinio model. The contributions of the quark loops (Hartree-Fock approximation) and the meson loops (next 1/Ncapproximation where Nc is the number of colors) are taken into account. These contributions, as we show, are the values of the same order of magnitude. For the f0 decay the K-loop contribution turns out to play the dominant role. The results for two-gamma decays are in satisfactory agreement with modern experimental data. The predictions for a0 → ρ(ω)γ and f0 → ρ(ω)γ widths are given.

PACS: 12.39.Fe, 13.20.Jf, 13.40.Hq

I. INTRODUCTION

In recent paper [1], the radiative decay ϕ → f_0γ width within the local Nambu-Jona-Lasinio (NJL) model [2, 3, 4, 5, 6, 7, 8, 9, 10] has been calculated. In this work, same as in [1], we took into account not only the quark loop contributions (Hartree-Fock approximation) but also the meson loop contributions (next 1/N_c-approximation where N_c is the number of colors). We should note that meson loops give the contribution of the same order as the Hartree- Fock approximation due to fractional charge of quarks and integer charge of mesons. The gauge invariance of the amplitudes leads to absence of ultraviolet divergences in the relevant loop integrals. Thus, the explicit dependence of these amplitudes of the external momenta was obtained [11].

In this paper, we will consider the two-photon decays of the scalar mesons σ(600), f_0(980) and a_0(980) as well as radiative decays a_0 → ρ(ω)γ and f_0 → ρ(ω)γ.

In the case of the quark loop we consider only a real part of the relevant loop integral. This prescription permits us to take into account the condition of the ”naive” quark confinement. Some theoretical arguments supporting this procedure can be found in [12]. As for the meson loops, both the real and the imaginary parts were taken into account.

The structure of our paper is the following. In Section II, the NJL quark-meson Lagrangians, corresponding parameters and the coupling constants of our model are defined. In Section III, the methods of quark and meson loop calculation are described; the contributions of quark and meson loops to the amplitudes and the widths of two-photon decays of the scalar meson are presented.

In Section IV, we consider the a_0 → ρ(ω)γ and f_0 → ρ(ω)γ decay widths. In Section V, we discuss the results obtained.

II. LAGRANGIAN OF THE NJL MODEL

The initial four-quark Lagrangian of the local Nambu-Jona-Lasinio model has the form [2, 6, 9, 10]: L = q̄ [ i ^∂ + eQÂ − M_0 ] q + + G 2 ( (q̄q)^2 + (q̄ (iλ^aγ_5) q)^2 ) − G_V 2 ( (q̄γ_μλ^aq)^2 + (q̄ (γ_μγ_5λ^a) q)^2 ) , (1)

where q̄ = ( ū, d̄, s̄ ) , and u, d, s are the quark fields, M_0 = diag ( m^0_u, m^0_d, m^0_s ) is the matrix of quarks current masses, Q = diag (2/3, −1/3, −1/3) is the quark electric charge matrix, e is the elementary electric charge (e^2/4π = α = 1/137), λ_i, i = 1 . . . 8 are the well-known Gell-Mann matrices and λ_0 = √ 2/3 diag (1, 1, 1), G and G_V are effective coupling constants of four-fermion interactions.

∗Electronic address: volkov@theor.jinr.ru †Electronic address: kuraev@theor.jinr.ru ‡Electronic address: bystr@theor.jinr.ru

The procedure of bosonization and the renormalization of meson fields leads to the effective quark-meson Lagrangian. The part of this Lagrangian which we will use is the following [2, 7, 8]: L_{ef f} = q̄ [ i ^∂ + eQÂ − M ] q + q̄ [ g_{σu} λ_uσ_u + g_{σs} λ_sσ_s + g_{σu} λ_3a_0 + iγ_5g_π ( λ_π+ π^+ + λ_π− π^− ) + + iγ_5g_K ( λ_K+ K^+ + λ_K− K^− ) + g_ρ 2 (λ_3ρ̂_0 + λ_uω̂) ] q, (2) where M = diag (m_u, m_d, m_s) is the constituent quark mass matrix and m_u = m_d = 263 MeV, m_s = 406 MeV, λ_u = (√ 2λ_0 + λ_8 ) / √ 3, λ_s = ( −λ_0 + √ 2λ_8 ) / √ 3, λ_π± = (λ_1 ± iλ_2)/ √ 2, λ_K± = (λ_4 ± iλ_5)/ √ 2. Taking into account the six-quark interaction of t’Hooft leads to mixing of σ_u and σ_s states [7, 8, 9, 10]. Scalar isoscalar mesons f_0, σ are the mixed states

f_0 = σ_u sin α + σ_s cos α, σ = σ_u cos α − σ_s sin α, (3)

with the mixing angle α = 11.3^o [8, 9].

The coupling constants from the Lagrangian (2) are defined in the following way [2]: g_{σu} = ( 4I^Λ (m_u, m_u) )_{−1/2} = 2.43, g_{σs} = ( 4I^Λ (m_s, m_s) )_{−1/2} = 2.99,

g_π = m_u F_π = 2.84,

g_K = m_u + m_s 2F_K = 3.01,

g_ρ = √ 6g_{σu} = 5.95,

where we use the Goldberger-Treiman relation for g_π and g_K constants, F_π = 92.5 MeV and F_K = 1.2 F_π , and I^Λ (m, m) is the logarithmically divergent integral which has the form: I(m, m) = N_c (2π)^4 ∫ d^4k θ ( Λ^2 − k^2 ) (k^2 + m^2)^2 = = N_c (4π)^2 ( ln ( Λ^2 m^2 + 1 ) − Λ^2 Λ^2 + m^2 ) , N_c = 3.

This integral is written in the Euclidean space. The cut-off parameter Λ = 1.27 GeV is taken from [1, 2].

III. TWO-GAMMA DECAYS OF σ(600), f0(980) AND a0(980)

The amplitudes of the 2γ decay can be expressed in terms of the quark and meson loop integrals. The quark loop contribution to the amplitude is given by two triangle type Feynman diagrams (see Fig. 1, a):

T^q_{μν} = − α 4π ∫ d^4k iπ^2 Sp [ γ_ν ( k̂ + m_q ) γ_μ ( k̂ + q̂_1 + m_q ) ( k̂ − q̂_2 + m_q )] ( k^2 − m^2_q ) ( (k + q_1)^2 − m^2_q ) ( (k − q_2)^2 − m^2_q ) + + ((q_1, μ) ↔ (q_2, ν)) . (4)

Applying the Feynman procedure of joining of the denominators 1 ( k^2 − m^2_q ) ( (k + q_1)^2 − m^2_q ) ( (k − q_2)^2 − m^2_q ) =

= 1∫ 0 dx 1∫ 0 2ydy 1 ( (k − q_xy)^2 − ( m^2_q + q^2_xy^2 ))3 , (5)

FIG. 1: The Feynman diagrams of quark and meson contributions to two-photon decays of scalar mesons: S → 2γ.

where q_x = xq_2 − x̄q_1, x̄ = 1 − x, we obtain for T^q_{μν} :

T^q_{μν} = α π (g_{μν} (q_1q_2) − q_{1ν} q_{2μ}) T^q, (6)

T^q = 2m_q 1∫ 0 dx 1∫ 0 ydy 1 − 4y^2xx̄ m^2_q − M^2_S y^2xx̄

. (7)

For meson loops an additional Feynman diagram with two photon-two meson vertex contributes as well (see Fig. 2, b, c). To restore the general gauge invariant form of the amplitude, we can nevertheless consider only two triangle type Feynman diagrams:

ΔT^M_{μν} = α 4π ∫ d^4k iπ^2 (2k + q_1)_μ (2k − q_2)_ν

(k^2 − M^2) ( (k + q_1)^2 − M^2 ) ( (k − q_2)^2 − M^2 ) + + ((q_1, μ) ↔ (q_2, ν)) . (8)

Extracting the term ∼ q_{1ν} q_{2μ} and adding the relevant term ∼ g_{μν} we obtain:

T^M_{μν} = α π (g_{μν} (q_1q_2) − q_{1ν} q_{2μ}) T^M , (9)

with

T^M = 2 1∫ 0 dx 1∫ 0 ydy y^2xx̄ M^2 − M^2_S y^2xx̄

. (10)

Standard evaluation of these integrals leads to

T^q = 1 m_q F (z^q_S ), (11)

T^M = z^M_S 4M^2

Φ(z^M_S ), (12)

where z^q_S = 4m^2_q /M^2_S , z^M_S = 4M^2/M^2_S ,

F (z) = Re [1 + (1 − z) Φ(z)] , Φ(z) = zϕ(z) − 1, ϕ(z) = 1 4 [ π^2 − ln^{2 1+√1−z} 1− √ 1−z ] + i^π_2 ln^{1+√1−z} 1− √ 1−z , z < 1, ( arctan^{1√}_{z−1}

)_2 , z > 1. (13)

We remind that for the quark loop contribution the imaginary part of the function Φ(z) must be omitted (see [12]), and for the meson loop contribution both the real and possible imaginary parts are relevant.

Similar expressions were obtained in [11], where the imaginary part of the quark loop contribution was taken into account.

The vertices of the quark-meson and quark-photon interactions were given in (2). The vertices of the meson-meson interaction in the framework of the NJL model have the form (for details see [1, 2, 7]):

V_{σs π}+_π− = V_{a0 π}+_π− = 0,

V_{σu K}+_K− = V_{a0 K}+_K− = −2 (2m_u − m_s) g^2_K g_{σu} , (14)

V_{σs K}+_K− = 2 √ 2 (2m_s − m_u) g^2_K g_{σs} , V_{σu π}+_π− = −4m_u g^2_π g_{σu} . The general structure of the two-photon scalar meson decay amplitudes has the form T_{Sγγ} = − αg_{σu} πm_u (g_{μν} (q_1q_2) − q^ν_1 q^μ_2 ) a_{Sγγ} . (15)

The expression for the width has the form:

Γ_{Sγγ} =

M^3_S 64π α^2g^2_{σu} π^2m^2_u

|a_{Sγγ} |^2. (16)

A. The decay a0 → 2γ

The amplitude a_{a0γγ} of a_0 → γγ contains the contribution of u, d quarks and the K-meson intermediate states. The color-charge factor associated with u, d quarks is N_c

(_4 9 −^1_9 ) = 1. Thus, a^{u,d}_{a0γγ} = F ( z^u_{a0} ) . (17)

Taking the K-meson loop contribution we obtain: a_{a0γγ} = a^{u,d}_{a0 γγ} + a^K_{a0 γγ} = = F ( z^u_{a0} ) − m_u g_{σu} 2 (2m_u − m_s) g^2_K

4g_{σu} M^2_K z^K_{a0} Φ ( z^K_{a0} ) = = 0.482 − 0.114 = 0.367. (18)

The corresponding width is

Γ_{a0 (980)→γγ} = (2.25 keV) |a_{a0γγ} |^2 = 0.29 keV.

This value is in satisfactory agreement with the experimental values (see Table I).

B. The decay f0(980) → γγ

In the case of the f_0 → γγ decay we also have the contribution of u, d and s quarks and the K-meson and pion intermediate states. We should recall that f_0(980) meson consists of two components: σ_u and σ_s (see (3)). The colorcharge factor associated with u, d quarks is N_c

(_4 9 +^1_9 ) =^5_3 for σ_u-component of f_0 and N_c^1_9 =^1_3 for σ_s-component of f_0. Taking the K-meson and the π-meson loop contribution we obtain a_{f0 →γγ} = 5 3 F ( z^u_{f0} ) sin α − √ 2 3 F ( z^s_{f0} ) ( g_{σs} m_u g_{σu} m_s ) cos α + + ( − g^2_K g^2_{σu} m_u 4M^2_K

2 (2m_u − m_s) sin α + + g^2_K g_{σu} g_{σs} m_u 4M^2_K 2 √ 2 (2m_s − m_u) cos α ) z^K_{f0} Φ ( z^K_{f0} ) −

− sin α m^2_u M^2_π g^2_π g^2_{σu} z^π_{f0} Φ ( z^π_{f0} ) = = 0.157 − 0.417 − 0.022 + 0.589 + 0.082 − 0.038i = = 0.385 − 0.038i. (19) For the width we have Γ_{f0 (980)→γγ} = (2.25 keV) |a_{f0γγ} |^2 = 0.33 keV.

This value is also in satisfactory agreement with the experimental values (see Table I).

C. The decay σ → γγ

In the case of the σ → γγ decay we have a_{σ→γγ} = 5 3 F (z^u_σ ) cos α + √ 2 3 F (z^s_σ) ( g_{σs} m_u g_{σu} m_s ) sin α − ( g^2_K g^2_{σu} m_u 4M^2_K

2 (2m_u − m_s) cos α + + g^2_K g_{σu} g_{σs} m_u 4M^2_K 2 √ 2 (2m_s − m_u) sin α ) z^K_σ Φ ( z^K_σ ) − − cos α m^2_u M^2_π g^2_π g^2_{σu} z^π_σ Φ (z^π_σ ) =

= 1.89 + 0.057 − 0.041 − 0.043 + 0.92 − 0.98i = = 2.78 − 0.98i. (20) Let us notice that unlike f_0(980) → 2γ decay, where contributions of u and d quarks have opposite signs, here they have the same sign.

The corresponding width is Γ_{σ(600)→γγ} = (0.51 keV) |a_{σγγ} |^2 = 4.3 keV. (21) The experimental value of the mass and the width of the σ meson is not well established. We present the width of σ for two other masses: M_σ = 450 MeV and M_σ = 550 MeV. They are Γ_{σ(450)→γγ} = 2.18 keV, Γ_{σ(550)→γγ} = 3.53 keV.

The comparison of our results with the experimental data and some other model predictions is given in Table I.

IV. THE DECAYS a0 → ω(ρ)γ, f0 → ω(ρ)γ

In this section, we will consider the following decays [40] : a_0(p) → ω(q) + γ(k_1), a_0(p) → ρ(q) + γ(k_1), f_0(p) → ω(q) + γ(k_1), f_0(p) → ρ(q) + γ(k_1),

p^2 = M^2_S, q^2 = M^2_V , k^2_1 = 0, (22) where M_S = M_{f0,a0} = 980 MeV is the mass of decaying scalar meson [13] and M_V = M_{ω,ρ} is the mass of vector meson. Now the matrix element in the general case has the form:

M_i = e g_ρ 2 A_i (q_ν k_{1μ} − g_{μν} (qk_1)) e^ν_γ e^μ_V , (23) e_γ = e (k_1) , e_V = e (q) , (24)

FIG. 2: The Feynman diagrams of quark and meson contributions to decays of scalar mesons to photon and vector meson: S → γV . where i = {a_0 → ωγ, a_0 → ργ, f_0 → ωγ, f_0 → ργ}, and A_i contains all vertex constants and dynamic information of the processes. The radiative decay width then has the form:

Γ_i = α ( M^2_S − M^2_V

)_3

32M^3_S g^2_ρ |A_i|^2 . (25)

To calculate quark and meson loop contributions to coefficients A_i, we need quark-meson (see (2)) and meson-meson vertices (see (14)), and vertices of interaction of vector mesons with the pseudoscalar ones [2, 7, 14]:

g_ωμ_K+_K− = g_ρμ_K+_K− = g_ρ 2 (p_+ − p_−)^μ ,

g_ρμ_π+_π− = g_ρ (p_+ − p_−)^μ .

A. The decays a0 → ωγ, a0 → ργ

Let us consider the decay of the isoscalar meson a_0 with ω-meson production. The amplitude of this decay will contain contributions from the quark loop and K-meson loop. The π-meson loop is forbidden since the a_0 → 2π vertex is absent.

Quark contribution consists of u and d quark loops (see Fig. 2, a) (since ω does not contain s quarks): M^{(u,d)}_{a0→ωγ} = e g_ρ 2 C^{(u,d)}_{a0→ωγ} ∫ d^4k iπ^2 Sp [( q̂ + k̂ + m_u ) ( k̂ − k̂_1 + m_u ) ê_γ ( k̂ + m_u ) ê_ω ] ( (q + k)^2 − m^2_u ) (k^2 − m^2_u) ( (k − k_1)^2 − m^2_u

) , (26)

where C^{(u,d)}_{a0 →ωγ} = 3g_{σu} , where factor 3 = N_c is the color factor.

Standard Feynman procedure of denominators joining and loop momenta integration leads to: M^{(u,d)}_{a0→ωγ} = e g_ρ 2 C^{(u,d)}_{a0 →ωγ} Re (I_u) (q_ν k_{1μ} − g_{μν} (qk_1)) e^ν_γ e^μ_ω, (27)

where

I_u = 4m_u 1∫ 0 dx 1∫ 0 dy y ( 1 − 4y^2x (1 − x) ) m^2_u − y(1 − y)(1 − x)q^2 − x(1 − x)y^2p^2 + iϵ

. (28)

Let us consider now kaon loop contributions. The kaon contribution consists of diagrams of two types (see Fig. 2 b, c). This contribution can be written in a form similar to (24): M^{(K)}_{a0→ωγ} = e g_ρ 2 C^{(K)}_{a0→ωγ} I_K (q_ν k_{1μ} − g_{μν} (qk_1)) e^ν_γ e^μ_ω, (29)

where C^{(K)}a_0 →ωγ = g_{a0K}+_K− and

I_K = 1∫ 0 dx 1∫ 0 dy 4y^2x(1 − x)y M^2_K − y(1 − y)(1 − x)q^2 − x(1 − x)y^2p^2 + iϵ

. (30)

More details of this type of diagram calculation can be found in [1].

The amplitude of the process a_0 → ωγ then has the form M_{a0→ωγ} = e A_{a0 →ωγ} (q_ν k_{1μ} − g_{μν} (qk_1)) e^ν_γ e^μ_ω, (31) where A_{a0 →ωγ} = 3g_{σu} Re (I_u) + g_{a0K}+_K− I_K = −1.78374 + 0.159415 = −1.62433. (32) The decay width is: Γ_{a0 →ωγ} = 115 keV.

The decay a_0 → ργ can be considered in complete analogy with the decay a_0 → ωγ. Let us note that the quark contribution to a_0 → ργ is three times smaller than the quark contribution to the a_0 → ωγ decay. However, the kaon loop contributions are the same. As a result, the amplitude of the a_0 → ργ decay has the form: M_{a0→ργ} = e g_ρ 2 A_{a0 →ργ} (q_ν k_{1μ} − g_{μν} (qk_1)) e^ν_γ e^μ_ρ , (33) A_{a0→ργ} = g_{σu} Re (I_u) + g_{a0K}+_K− I_K = −0.598209 + 0.156921.

The decay width is Γ_{a0 →ργ} = 8.5 keV.

Let us note that in both these processes the main contribution comes from quark loops.

B. The decays f0 → ωγ and f0 → ργ The total amplitude for the f_0 → ωγ decay has the form:

A_{f0 →ωγ} = sin α A^{u,d}_{σu →ωγ} + sin α A^K_{σu →ωγ} + cos α A^K_{σs →ωγ} = −0.115 + 0.0195 + (−1.068) = −1.1635. (34) The decay width is then: Γ_{f0 →ωγ} = 60 keV.

Let us consider the decay f_0 → ργ. The quark loop contribution to σ_u component here exceeds the relevant component of the f_0 → ωγ decay: A_{f0 →ργ} = sin α A^{(u,d)}_{σu →ργ} + sin α A^π_{σu →ργ} + sin α A^K_{σu →ργ} + cos α A^K_{σs →ργ} = = −0.353 + (0.0436 − 0.00542i) + 0.027 + (−1.05) = −1.3324 − 0.00542i. (35) The f_0 → ργ decay width is then: Γ_{f0→ργ} = 82 keV.

Note that in both the cases (the decays of f_0(980) to ργ or ωγ) the main contribution comes from the kaon loops related with the σ_s component.

Unfortunately, at present we do not have any experimental data for this decays.

V. CONCLUSION The calculations of the radiative decays in the NJL model show an important role of both the quark and meson loops. Moreover, for the f_0 meson decay the kaon loop turns out to provide the dominant contribution. This can be understood if one takes into account that in the 2γ decays the fractional quark charge gives effectively factor 1/N^2_c into quark loop contribution. It is worth noticing that the situation here is similar to the one that takes place in the case of ϕ → f_0γ decay [1] and a_0 → ρ(ω)γ and f_0 → ρ(ω)γ. This fact permits one to understand the success of such models as the model of a kaon molecule [15, 16] as well as the four-quark model [17, 18].

The description of radiative scalar isoscalar meson f_0 decays was also considered in the linear σ-model [19, 20, 21]. However, in these papers the scalar meson a_0(980) and σ radiative decays were not considered.

The NJL model used here allows us to take into account both the quark-antiquark state which manifests itself in the form of quark loops, and the hidden four-quark state which shows up as meson loops. Let us emphasize that in the framework of the standard NJL model we can describe the radiative decays without any additional parameters.

The results obtain in this paper (see Table I) are in agreement with the existing experimental data. Unfortunately, the data for the a_0 → ρ(ω)γ and f_0 → ρ(ω)γ decays are absent up to now and our results for these decays can be considered as a prediction.

Acknowledgments

The authors wish to thank Prof. N. N. Achasov, Prof. S. B. Gerasimov and Prof. V. N. Pervushin for fruitful discussions. We also acknowledge the support of INTAS grant no. 05-1000008-8528.

[1] Y. M. Bystritskiy, M. K. Volkov, E. A. Kuraev, E. Bartos, and M. Secansky, Phys. Rev. D77, 054008 (2008), 0712.0304. [2] M. K. Volkov, Sov. J. Part and Nuclei 17, 186 (1986). [3] M. K. Volkov and D. Ebert, Sov. J. Nucl. Phys. 36, 736 (1982). [4] D. Ebert and M. K. Volkov, Z. Phys. C16, 205 (1983). [5] M. K. Volkov, Annals Phys. 157, 282 (1984). [6] D. Ebert and H. Reinhardt, Nucl. Phys. B271, 188 (1986).

[7] D. Ebert, H. Reinhardt, and M. K. Volkov, Prog. Part. Nucl. Phys. 33, 1 (1994). [8] M. K. Volkov and A. E. Radzhabov, Phys. Usp. 49, 551 (2006). [9] U. Vogl and W. Weise, Prog. Part. Nucl. Phys. 27, 195 (1991). [10] S. P. Klevansky, Rev. Mod. Phys. 64, 649 (1992).

[11] D. Ebert, T. Feldmann, and M. K. Volkov, Int. J. Mod. Phys. A12, 4399 (1997). [12] V. N. Pervushin, Riv. Nuovo Cim. 8N10, 1 (1985). [13] Particle Data Group, C. Amsler et al., Phys. Lett. B667, 1 (2008). [14] M. K. Volkov, Phys. Part. Nucl. 24, 35 (1993). [15] J. D. Weinstein and N. Isgur, Phys. Rev. D41, 2236 (1990).

[16] T. Branz, T. Gutsche, and V. E. Lyubovitskij, Phys. Rev. D78, 114004 (2008), 0808.0705. [17] N. N. Achasov and V. N. Ivanchenko, Nucl. Phys. B315, 465 (1989).

[18] N. N. Achasov, A. V. Kiselev, and G. N. Shestakov, Nucl. Phys. Proc. Suppl. 181-182, 169 (2008), 0806.0521. [19] F. Kleefeld, E. van Beveren, G. Rupp, and M. D. Scadron, Phys. Rev. D66, 034007 (2002), hep-ph/0109158. [20] E. van Beveren, F. Kleefeld, G. Rupp, and M. D. Scadron, Mod. Phys. Lett. A17, 1673 (2002), hep-ph/0204139. [21] E. van Beveren, F. Kleefeld, G. Rupp, and M. D. Scadron, (2008), 0811.2589. [22] C. Amsler, Rev. Mod. Phys. 70, 1293 (1998), hep-ex/9708025.

[23] M. R. Pennington, T. Mori, S. Uehara, and Y. Watanabe, Eur. Phys. J. C56, 1 (2008), 0803.3389. [24] Belle, T. Mori et al., Phys. Rev. D75, 051101 (2007), hep-ex/0610038.

[25] C. Hanhart, Y. S. Kalashnikova, A. E. Kudryavtsev, and A. V. Nefediev, Phys. Rev. D75, 074015 (2007), hep-ph/0701214. [26] M. Boglione and M. R. Pennington, Eur. Phys. J. C9, 11 (1999), hep-ph/9812258. [27] M. Schumacher, Eur. Phys. J. A30, 413 (2006), hep-ph/0609040. [28] JADE, T. Oest et al., Z. Phys. C47, 343 (1990).

[29] M. D. Scadron, G. Rupp, F. Kleefeld, and E. van Beveren, Phys. Rev. D69, 014010 (2004), hep-ph/0309109. [30] J. Boyer et al., Phys. Rev. D42, 1350 (1990).

[31] A. V. Anisovich, V. V. Anisovich, and V. A. Nikonov, Eur. Phys. J. A12, 103 (2001), hep-ph/0108186. [32] Crystal Ball, H. Marsiske et al., Phys. Rev. D41, 3324 (1990). [33] J. A. Oller and E. Oset, Nucl. Phys. A629, 739 (1998), hep-ph/9706487. [34] D. Morgan and M. R. Pennington, Z. Phys. C48, 623 (1990). [35] G. V. Efimov and M. A. Ivanov, Bristol, UK: IOP (1993) 177 p. [36] N. N. Achasov, S. A. Devyanin, and G. N. Shestakov, Phys. Lett. B108, 134 (1982). [37] M. R. Pennington, Phys. Rev. Lett. 97, 011601 (2006). [38] A. Courau et al., Nucl. Phys. B271, 1 (1986).

[39] A. E. Radzhabov, M. K. Volkov, and N. G. Kornakov, Phys. Atom. Nucl. 71, 1481 (2008), 0704.3311. [40] Let us notice that in [39] the decays ρ(ω) → 2πγ were considered. The σ meson intermediate state was taken into account.

TABLE I: The table of two-gamma decays of the scalar mesons σ(600), f0(980) and a0(980). Γ (a0 → γγ) (exp.), keV Γ (a0 → γγ) (theor.), keV 0.30 ± 0.10 [22] 0.29 (This paper) Γ (f0 → γγ) (exp.), keV Γ (f0 → γγ) (theor.), keV 0.42 (Solution A) [23] 0.33 (This paper) 0.10 (Solution B) [23] 0.21 − 0.26 [16] 0.205^{+0.095+0.147}

−0.083−0.117 [24] 0.22 [25]

0.28^{+0.09}_{−0.13} [26] 0.33 [27] 0.42 ± 0.06 ± 0.18 [28] 0.31 [29] 0.29 ± 0.07 ± 0.12 [30] 0.28^{+0.09}_{−0.13} [31] 0.31 ± 0.14 ± 0.09 [32] 0.20 [33] 0.63 ± 0.14 [34] 0.24 [35] 0.27 [36] Γ (σ → γγ) (exp.), keV Γ (σ → γγ) (theor.), keV 3.1 ± 0.5 (Solution A) [23] 4.30 (Mσ = 600 MeV)(This paper) 2.4 ± 0.4 (Solution B) [23] 3.53 (Mσ = 550 MeV)(This paper) 4.1 ± 0.3 [37] 2.18 (Mσ = 450 MeV)(This paper) 3.8 ± 1.5 [26] 5.4 ± 2.3 [34] 10 ± 6 [38]