arXiv:hep-ph/0611217v2 16 Jan 2007

Coupling constants of D^∗D_sK and D^∗_s DK processes

M. E. Bracco^†, A. Lozéa^∗, A. Cerqueira Jr.^†, M. Chiapparini^†, and M. Nielsen^‡ †Instituto de Física, Universidade do Estado do Rio de Janeiro, Rua São Francisco Xavier 524, 20559-900, Rio de Janeiro, RJ, Brasil.

∗Universidade Federal do Rio de Janeiro, C.P. 68528, 21945-970, Rio de Janeiro, RJ, Brasil. and ‡ Instituto de Física, Universidade de São Paulo, C.P. 66318, 05389-970 São Paulo, SP, Brazil. (Received on 2006)

We calculate the coupling constants of D^∗D_sK and D^∗_s DK vertices using the QCD sum rules technique. We compare results obtained in the limit of SU(4) symmetry and found that the symmetry is broken on the order of 40%.

Keywords: Coupling constants, Form Factors, QCD Sum Rule.

The knowledge of coupling constants in hadronic vertices is crucial to estimate cross sections when hadronic degrees of freedom are used. For example absorption of charmonium by kaons will be one of the indicatives of the formation of the quark gluon plasma (QGP) in relativistic heavy ions collisions [1]. The kaon is one of the commovers light mesons that can annihilate the charmonium in medium given as result D mesons. The quantitative measure of this cross section it is essential to understand the formation of QGP, but it is not an reality data actually for the experimentalists. The processes of absorption of J/Ψ by kaons can be visualized in the Figure 1. To obtain theoretical values of the cross section, in the case of charmonium absorption, one of the more usual approach used is based on effective SU(4) Lagrangians [2, 4]. The effective Lagrangians that described the processes represented in Fig.1 are:

L_{DsD}∗_K = ig_{DsD}∗_K D^{∗μ}(D̄_s∂_μK − (∂_μD̄_s)K) + H.c., (1)

L_{Ds}∗_{DK} = ig_{Ds}∗_{DK} D^{∗μ}_s (D̄∂_μK̄ − (∂_μD̄)K̄) + H.c.. (2)

In this formalism it is necessary have the detailed knowledge of the form factors and coupling constants in the hadronic vertices to obtain the cross section. With the use of the form factor or not, the cross section may change by a factor of two [2]. Also the values of the coupling constants used are calculated by SU(4) exact symmetry and in the case the coupling constants are derivate putting the masses of the quarks u, d

FIG. 1: Annihilation of J/Ψ by kaons given Ds, D^∗, D^∗_s and D mesons production.

identical to the s and c quarks. In this way the values of the coupling constants for the two vertex of the right side in the processes, in Fig. 1, are identical:

g_{Ds}∗_{DK} = g_{DsD}∗_K = g 2 √ 2 . (3)

In this work we study the D^∗D_sK and D^∗_s DK vertices using the QCD Sum Rules technique [5], to obtain the form factors and to infer the coupling constants.

We have been working on the problem of compute coupling constants for others processes and have a consistent method for this [6, 7, 8, 9, 10, 11, 12, 13, 14]. Following the QCDSR formalism described in our previous works [6, 7, 8, 9, 10, 11, 12, 13, 14], we write the three-point correlation function associated with the D^∗D_sK vertex, which is given by

Γ^{(K)}_μ (p, p^′) = ∫ d^4x d^4y e^{ip′·x} e^{−i(p′−p)·y}

⟨0|T { j^{D∗}_μ (x) j^{K †}(y) j^{Ds †}(0)}|0⟩ (4)

for K meson off-shell, where the interpolating currents are j^{D∗}_μ = c̄γ_μd, j^K = is̄γ_5d and j^{Ds} = ic̄γ_5s, and

Γ^{(Ds)}_{μν} (p, p^′) = ∫ d^4x d^4y e^{ip′·x} e^{−i(p′−p)·y}

⟨0|T { j^K_μ (x) j^{Ds †}(y) j^{D∗}_ν^†(0)}|0⟩ (5)

for D_s meson off-shell, with the interpolating currents j^K_μ = ūγ_μγ_5s, j^{Ds} = ic̄γ_5s, j^{D∗}_μ = ūγ_μc, with u, d, s and c being the up, down, strange and charm quark fields respectively. In both cases, each one of these currents has the same quantum numbers as the corresponding mesons.

Using the above currents to evaluate the correlation functions (4) and (5), the theoretical or QCD side is obtained. The framework to calculate the correlators in the QCD side is the Wilson operator product expansion (OPE). The Cutkosky’s rule allows us to obtain the double discontinuity of the correlation function for each one of the Dirac structures appearing in the correlation function. Then we use spectral representation over the virtualities p^2 and p^{′2}, holding Q^2 = −q^2 fixed. The amplitudes receive contributions from all terms in the OPE. The leading contribution comes from the perturbative term.

m_q m_s m_c m_K m_{Ds} m_D∗_s m_D m_D∗

0.0 0.13 1.2 0.498 1.97 2.11 1.87 2.01

TABLE I: Masses of quarks and mesons used in the calculation of the QCD sum rule. All quantities are in GeV.

f_K [16] f_{Ds} [17] f_D∗ [18] f_D[20] f_D∗_s [19]

0.160 0.280 0.240 0.200 0.330

TABLE II: Decay constant used in the calculation of the QCD sum rule. All quantities are in GeV.

The phenomenological side of the sum rule, which is written in terms of the mesonic degrees of freedom, is parametrized in terms of the form factors, meson decay constants and meson masses. We introduce the meson decay constants f_K , f_{Ds} and f_D∗ , which are defined by the following matrix elements

⟨0| j^K |K⟩ = m^2_K f_K m_s + m_q

, (6)

⟨0| j^{Ds} |D_s⟩ = m^2_{Ds} m_c + m_s f_{Ds} (7) and ⟨0| j^{D∗}_ν |D^∗⟩ = m_D∗ f_D∗ ε^∗_ν, (8)

where ε_ν is the polarization vector of the D^∗ meson. The QCD sum rule is obtained by matching both representations, using the universality principle. The matching is improved by performing a double Borel transform on both sides. The perturbative contribution for both Eqs. (4) and (5) is given in details in ref.[14]. We chosen one structure that appear in both sides and also must have a stability that guarantees a good match between the two sides of the sum rule. The structures that obey these two points are p^′_μ, in the case K off-shell, and p^′_μ p^′_ν in the case D_s off-shell.

The Borel transformation [15] in the variables P^2 = −p^2 → M^2 and P^{′2} = −p^{′2} → M^{′2} allows to get the final form of the sum rule, which allow us to obtain the form factors g^{(M)}_D∗_{DsK}(Q^2) where M stands for the off-shell meson.

We use Borel masses satisfying the constraint M^2/M^{′2} = m^2_{in}/m^2_{out} , where m_{in} and m_{out} are the masses of the incoming and out coming meson respectively. The values of the parameters used in the calculation of the vertices are depicted in Table I and in Table II

The continuum thresholds s_0 and u_0 are the two parameters that are including in the QCDSR, and are important to controlate the pole contribution. Using Δ_s = Δ_u = 0.5GeV for the continuum thresholds and fixing Q^2 = 1GeV^2, we found a good stability of the form factor g^{(K)}_D∗_{DsK}, as a function of the Borel mass M^2, in the interval 3 < M^2 < 5GeV^2. In the case of the form factor g^{(Ds)}_D∗_{DsK} the interval for stability of the sum rule is 2 < M^2 < 5GeV^2.

FIG. 2: g^{(K)}_D∗_{Ds K} (squares) and g^{(Ds)}_D∗_{DsK} (triangles) form factors as a function of Q^2 from the QCDSR calculation of this work. The solid (dotted) line corresponds to the monopole (exponential) parametrization of the QCDSR results for each case.

Fixing Δ_s = Δ_u = 0.5GeV and M^2 = 3GeV^2, we evaluate the momentum dependence of both form factors. The results are shown in Fig. 2, where the squares corresponds to the g^{(K)}_D∗_{DsK}(Q^2) form factor in the interval where the sum rule is valid. The triangles are the result of the sum rule for the g^{(Ds)}_D∗_{DsK}(Q^2) form factor.

In the case of the K meson off-shell, our numerical results can be parametrized by an exponential function (dotted line in Fig. 2):

g^{(K)}_D∗_{DsK}(Q^2) = 2.83 e^{− Q24.19} → g^{(K)}_D∗_{DsK} = 3.01, (9)

where the define coupling constant, g^{(K)}_D∗_{DsK} is chosen as the value of the form factor at Q^2 = −m^2_K.

In the case when the D_s meson is off-shell, our sum rule results can be parametrized by a monopole formula (solid line in Fig. 2):

g^{(Ds)}_D∗_{DsK} (Q^2) =

9.01 Q^2 + 6.86

→ g^{(Ds)}_D∗_{DsK} = 3.02, (10)

where g^{(Ds)}_D∗_{DsK} is the coupling constant is chosen as the value of the form factor at Q^2 = −m^2_{Ds} .

Comparing the results in Eqs.(9) and (10) we see that the method used to extrapolate the QCDSR results in both cases, K and D_s off-shell, allows us to extract values for the coupling constant which are in very good agreement with each other.

In order to study the dependence of this results with the continuum threshold, we vary Δ_s = Δ_u in the interval 0.4 ≤ Δ_s = Δ_u ≤ 0.6 GeV. This procedure give us uncertainties in such a way that the final results for the couplings in each case are:

g^{(K)}_D∗_{DsK} = 3.02 ± 0.15 and g^{(Ds)}_D∗_{DsK} = 3.03 ± 0.14.

Now we study the D^∗_s DK vertex. The treatment is similar to the previous case. For details of the calculation see reference [14]. The correlation functions are

Γ^{(K)}_μ (p, p^′) = ∫ d^4xd^4y e^{ip′·x} e^{−i(p′−p)·y}

⟨0|T { j^{D∗s}_μ (x) j^{K †}(y) j^{D̄†}(0)}|0⟩ (11)

for K meson off-shell, where the interpolating currents are j^{D∗s}_μ = c̄γ_μs, j^K = iūγ_5s and j^D = ic̄γ_5u, and

Γ^{(D)}_{μν} (p, p^′) = ∫ d^4xd^4y e^{ip′·x} e^{−i(p′−p)·y}

⟨0|T { j^K_μ (x) j^{D†}(y) j_ν^{D∗s †}(0)}|0⟩ (12)

for D meson off-shell, with the interpolating currents j^K_μ =

ūγ_μγ_5s, j^{D∗s}_ν = c̄γ_νs, and j^D = iūγ_5c. We introduce the decay constants f_D and f_D∗_s , which are defined by the following matrix elements:

⟨0| j^D|D⟩ = m^2_D m_c + m_q f_D, (13)

⟨0| j^{D∗s}_ν |D^∗_s ⟩ = m_D∗_s f_D∗_s ε^∗_ν, (14)

where ε_ν is the polarization vector of the D^∗_s meson.

In Fig. 3 the squares corresponds to the g^{(K)}_D∗_{s DK} (Q^2) form factor in the interval where the sum rule is valid. The triangles are the result of the sum rule for the g^{(D)}_D∗_{s DK} (Q^2) form factor.

In the case when the K meson is off-shell, our numerical results can be parametrized by an exponential function (dashed curve in Fig. 3) and the coupling constant is extracted at the value of the form factor at Q^2 = −m^2_K:

g^{(K)}_D∗_{s DK} (Q^2) = 2.69 e^{− Q24.39} → g^{(K)}_D∗_{s DK} = 2.87. (15)

In the case when the D meson is off-shell, the sum rule results are represented by the triangles in Fig. 3, and they can be parametrized by a monopole formula (solid line in the figure) and the coupling constant is the value of the form factor at Q^2 = −m^2_D:

g^{(D)}_D∗_{s DK} (Q^2) =

7.78 Q^2 + 6.34

→ g^{(D)}_D∗_{s DK} = 2.72. (16)

Studying the dependence of our results with the continuum threshold, for Δ_{s,u} varying in the interval 0.4 ≤ Δ_{s,u} ≤ 0.6 GeV, we obtain the following values, with errors, for the couplings in each case:

g^{(K)}_D∗_{s DK} = 2.87 ± 0.19 and g^{(D)}_D∗_{s DK} = 2.72 ± 0.31.

FIG. 3: g^{(K)}_D∗_{s DK} (squares) and g^{(D)}_D∗_{s DK} (triangles) form factors as a function of Q^2 from the QCDSR calculation of this work. The dashed (solid) line corresponds to the exponential (monopole) parametrization of the QCDSR results for each case.

Concluding, we have studied the form factors and coupling constants of D^∗D_sK and D^∗_s DK vertices in a QCD sum rule calculation. For each case we have considered two particles off-shell, the lightest and one of the heavy ones: the K and D_s mesons for the D^∗D_sK vertex, and the K and D mesons for the D^∗_s DK vertex. In the two situations, the off-shell particles give compatible results for the coupling constant in each vertex. The results are :

g_D∗_{DsK} = 3.02 ± 0.14 (17) and g_D∗_{s DK} = 2.84 ± 0.31. (18)

We can compare our result with the prediction of the exact SU(4) symmetry [4], which would give the following relation among these numbers [4]: g_D∗_{DsK} = g_D∗_{s DK} = 5. Eqs. (17) and (18) shows that the coupling constants in the vertices D^∗D_sK and D^∗_s DK are consistent one with the other, but that they are relatively far from the value given by the SU(4) symmetry in the cited reference. Therefore, we conclude that the SU(4) symmetry is broken by approximately 40% in the calculation performed here. This is expected because the coupling constant obtain by the exact SU(4) symmetry put the masses of u d quarks are the same values that the s and c quarks. In this case there is not experimental value to compare our result but the values of the coupling constants were obtained by two different way at the same vertex and give compatible results.

et al. 3

[1] T. Matsui and H. Satz, Phys. Lett. B 178, 416 (1986). [2] Z. Lin and C.M. Ko, Phys. Rev. C 62, 034903 (2000); Z. Lin, C.M. Ko and B. Zhang, Phys. Rev. C 61, 024904 (2000); S.G. Matinyan and B. Müller, Phys. Rev. C 58, 2994; N. Armesto and A. Capella, Phys. Lett. B 430, 23 (1998); W. Cassing and C.M. Ko, Phys. Lett. B 396, 39(1998); K.L. Haglin, Phys. Rev. C 61, 031902 (2000); Y. Oh, T. Song and S.H. Lee, Phys. Rev. C 63, 034901 (2001); Y. Oh, T. Song, S.H. Lee and C.-Y. Wong, J. Korean Phys. Soc. 43, 1003 (2003).

[3] F.S. Navarra, M. Nielsen and M.R. Robilotta, Phys. Rev. C64, 021901 (R) (2001).

[4] R.S. Azevedo and M. Nielsen, Phys. Rev. C 69, 035201 (2004). [5] M. A. Shifman, A. I. Vainshtein and V. I. Zakharov, Nucl. Phys.

B 120, 316 (1977).

[6] F.S. Navarra, M. Nielsen, M.E. Bracco, M. Chiapparini and C.L. Schat, Phys. Lett. B489, 319 (2000).

[7] F. S. Navarra, M. Nielsen, M. E. Bracco, Phys. Rev. D65, 037502 (2002).

[8] M. E. Bracco, M. Chiapparini, A. Lozea, F. S. Navarra and M.

Nielsen, Phys. Lett. B521, 1 (2001).

[9] R.D. Matheus, F.S. Navarra, M. Nielsen and R.R. da Silva, Phys. Lett. B541(3-4), 265 (2002).

[10] R.D. Matheus, F.S. Navarra, M. Nielsen and R.R. da Silva, Int.

J. of Mod. Phys. E–Nucl. Phys 14(4), 555 (2005).

[11] R.R. da Silva, R.D. Matheus, F.S. Navarra and M. Nielsen, Brazilian J. of Phys. 34(1A), 236 (2004).

[12] M.E. Bracco, M. Chiapparini, F.S. Navarra and M. Nielsen, Phys. Lett. B 605, 326 (2005).

[13] M.Nielsen, R. D. Matheus, F. S. Navarra M. E Bracco and A.

Lozéa, hep-ph/0509131 [14] M. E. Bracco, et al. Phys. Letts. B, acepted for publication (2006).

[15] B.L. Ioffe and A.V. Smilga, Nucl. Phys. B 216, 373 (1983);

Phys. Lett. B 114, 353 (1982).

[16] S. Eidelman et at.[Fermilab E653 Collaboration], Phys. Lett. B 592,1 (2004).

[17] M. Chadha et al, Phys. Rev. D 58, 032002 (1998). [18] A. Khodjamirian et al., Phys. Lett. B 457, 245 (1999). [19] J. Borges, J. Peñarrocha and K. Schilcher, J. High Energy Phys.

JHEP11(2005)014.

[20] I. Dankó et al, J. Phys.: Conf. Ser. 9, 91 (2005); A.A. Penin and M. Steinhauser, Phys. Rev D 65, 054006 (2002).