arXiv:0906.0339v1 [hep-ph] 1 Jun 2009

Two-photon mechanism of production of scalar mesons at colliders

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

The cross sections of the scalar meson f_0(980), a_0(980) and σ(600) production in collision of electron and positron beams were calculated. The two-photon decays of the scalar mesons, obtained in the framework of the Nambu-Jona-Lasinio model, were used. The quark and meson loops were taken into account.

The nature of the scalar mesons f_0(980), a_0(980) and σ(600) is the subject of intensive investigation during the last years (see [1] and references therein). In theoretical description of these mesons the different models are used. In one of these models scalar mesons were considered as quark-antiquark states [1, 2]. In other models [3, 4] these scalar mesons were represented as four-quark states. There are models where scalar mesons are considered as a mixture of quark-antiquark and four-quark states [5]. Also the model exists where scalar mesons were described as kaon molecules [6, 7].

Here we will use the model where scalar mesons are considered as quark-antiquark states in the framework of Nambu-Jona-Lasinio (NJL) model. In this model, we take into account both the quark and the meson loops [1, 2].

Let us note that with the scalar mesons (such as σ and f_0) which have quantum numbers similar to vacuum quantum numbers a set of anomalous phenomena could be connected. For example, there is some problem with the explanation of the production ratio of K and π mesons in the proton-antiproton annihilation in the^1S_0 and^1P_0 states, namely in the 1S_0 state of the initial proton-antiproton pair the production ratio of K and π mesons is comparable with each other. However, in the^1P_0 state – this ratio differs by a few orders of magnitude.

The aim of this paper is to point out the possibility to obtain large statistics of scalar meson production at electron-positron colliders. With the use of the [1] two-photon decay widths of scalar mesons the Brodsky-Kinoshita-Terazawa formula [8] gives:

σ_S =

8α^2Γ_S M^3_S ln^2 ( s m^2_e ) f ( M^2_S s ) , (1)

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

FIG. 1: The total cross section of σ(600) meson production at electron-positron collision as a function of total invariant mass s.

f (z) = (2 + z)^2 ln ( 1 z ) − 2 (1 − z) (3 + z) , (2)

where Γ_S , M_S are the two-photon decay width and mass of scalar meson (eg. f_0, a_0 or σ), s is the invariant mass of the initial electron-positron pair.

Let us note that formula (2) allows us to estimate these cross sections using experimental data for two-photon decay widths of the scalar mesons [9].

The cross sections of the f_0, a_0 and σ meson production are given on Fig. 1, 2. It is seen that in the energy range 3 < √ s < 10 GeV the cross sections of meson production are of several nanobarns. Thus, the experimental facilities with luminosities of an order of L ∼ 10^{−33−34} cm^{−2}s^{−1} (BES (Beijin), CLOE (Frascati), VEPP-2 (Novosibirsk)) can be considered as scalar meson factories with production of 10^3 − 10^4 mesons per day.

Let us note that this mechanism is the dominant one for scalar meson production at electron-positron colliders. The production of mesons through annihilation mechanism is suppressed by a factor of (m^2_eM^2_S /s^2).

Thus, on the basis of these facilities it is possible to test different models for explanation of the nature of scalar mesons.

[1] M. K. Volkov, Y. M. Bystritskiy, and E. A. Kuraev, (2009), 0901.1981. [2] M. K. Volkov, Y. M. Bystritskiy, and E. A. Kuraev, (2008), 0811.3773. [3] N. N. Achasov and V. N. Ivanchenko, Nucl. Phys. B315, 465 (1989).

FIG. 2: The total cross sections of f_0(980) (solid curve) and a_0(980) (dashed curve) mesons production at electron-positron collision as a function of total invariant mass s.

[4] N. N. Achasov, A. V. Kiselev, and G. N. Shestakov, Nucl. Phys. Proc. Suppl. 181-182, 169 (2008), 0806.0521.

[5] S. B. Gerasimov, (2003), hep-ph/0311080.

[6] J. D. Weinstein and N. Isgur, Phys. Rev. D41, 2236 (1990).

[7] T. Branz, T. Gutsche, and V. E. Lyubovitskij, Phys. Rev. D78, 114004 (2008), 0808.0705. [8] S. J. Brodsky, T. Kinoshita, and H. Terazawa, Phys. Rev. Lett. 25, 972 (1970). [9] Particle Data Group, C. Amsler et al., Phys. Lett. B667, 1 (2008).