arXiv:hep-ph/0511007 v1 1 Nov 2005

Unitary Structure of the QCD Sum Rules and KY N and KY Ξ Couplings

T. Aliev^∗, A.Özpineci^†, S.B. Yakovlev^{∗∗} and V.S. Zamiralov^{∗∗}

∗Physics Dept., Middle East Technical Univ., 06531, Ankara, Turkey †INFN, Sezione di Bari, Bari, Italy^1 ∗∗D.V. Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, Russia

Abstract. New relations between QCD Borel sum rules for strong coupling constants of K-mesons to baryons are derived. It is shown that starting from the sum rule for the coupling constants g_{πΣΣ} and g_{πΣΛ} it is straightforward to obtain corresponding sum rules for the g_{KY N} , g_{KY Ξ} couplings, Y = Σ, Λ. INTRODUCTION

Meson-baryon couplings were studied for years thoroughly either for pion-baryon couplings or kaon-baryon baryon ones as these couplings are important parameters of strong interaction physics.

Since the advent of the SU(3) symmetry all the meson-baryon coupling constants were usually expressed in terms of F and D constants which gave possibility to construct a reliable phenomenological aproach.

As soon as in [1] QCD sum rules (SR’s) were proposed, they were used not only for baryon masses and magnetic moments starting from the works [2] but also for baryon-meson coupling constants. Naturally, a pion-nucleon coupling attracted the most attention (see, for example, [3], [4], [5]). Coupling constants of π^0- and η- mesons to baryons were studied recently in various QCD SR approaches [6], [7]. Also QCD sum rule for the η coupling to the Λ hyperon was written [8] which was usually absent in these approaches.

As for K-mesons they were also studied in the framework of the QCD sum rules ( see, e.g., [9], [10], [11]). Usually these sum rules are not related straightforwardly to those treating π and η couplings to baryons.

We would like to propose here QCD sum rules for octet meson-baryon couplings through some universal F and D functions written in a unified manner. In order to be clear we choose for methodical reasons as a basis for our reasoning SU(3) breaking QCD Borel sum rules proposed in [6].

1 Present address: Middle East Technical University, Ankara,Turkey

RELATION BETWEEN π^0ΣΣ AND πΣΛ CONSTANTS IN SU(3)

We begin as in [12] with a simple example. In the unitary model all the pion-baryon coupling constants can be expressed in terms of F and D coupling constants.

But coupling of the Σ-like baryons B(qq, q^′), q, q^′ = u, d, s to π^0 meson related in the quark model to the current j^{π0} =^{1√}_2 [ūγ_5u − d̄γ_5d] can be put in the form

g(π^0BB) == g_{πqq}2F + g_{πq}′_q′ (F − D),

or, particle per particle:

g(π^0 pp) = g_{πuu}2F + g_{πdd}(F − D) = √ 1 2 (F + D);

g(π^0Σ^+Σ^+) = g_{πuu}2F + g_{πss}(F − D) = √ 2F, and so on, where g_{πuu} = +

√_1 2 , g_{πdd} = −

√_1 2 and g_{πss} = 0 are just read off the quark current.

The only coupling which cannot be written immediately in this way is π^0Σ^0Λ. To overcome this difficulty let us write for π^0Σ^0Σ^0 coupling ( which is equal to zero !):

g(π^0Σ^0Σ^0) = g_π0_{uu}F + g_π0_{dd}F + g_π0_{ss}(F − D) = 0 (1)

and change (d ↔ s) and (u ↔ s) to form two auxiliary quantities

g(π^0Σ̃^{0,ds}Σ̃^{0,ds}) = g_π0_{uu}F + g_π0_{ss}F + g_π0_{dd}(F − D) = √ 1 2 D, (2)

g(π^0Σ̃^{0,us}Σ̃^{0,us}) = g_π0_{dd}F + g_π0_{ss}F + g_π0_{uu}(F − D) = − √ 1 2 D. (3)

The following relation holds:

g(π^0Σ̃^{0,ds}Σ̃^{0,ds}) − g(π^0Σ̃^{0,us}Σ̃^{0,us}) = √ 3g(π^0Σ^0Λ). (4)

The origin of this relation lies in the structure of Σ^0(ud, s) and Λ wave functions in the NRQM. With the exchanges d ↔ s and u ↔ s one arrives at the corresponding U-spin and V -spin quantities, so ( −Σ̃^0_{ds} Λ̃_{ds} ) = ( 1/2 √ 3/2 − √ 3/2 1/2 )( Σ^0 Λ ) , ( −Σ̃^0_{us} Λ̃_{us} ) = ( 1/2 − √ 3/2 √ 3/2 1/2 )( Σ^0 Λ ) . (5)

It is easy now to show that the relation Eq.(4) follows and it shows us the way to proceed with the QCD sum rules.

KY N, KYΞ AND πΣΛ COUPLINGS IN THE SU(3)

Now we consider kaon and charged pion couplings to baryons. They are given by SU(3) symmetry formulae but we rewrite it in a way suitable for derivation of the corresponding Borel sum rules. Let us write coupling of pion to Σ^+ and Λ_{ds} given by the Eq.(5):

2[g(π^−Σ^+Λ̄_{ds})] = − √ 3g(π^−Σ^+Σ̄^0) + g(π^−Σ^+Λ̄) = (6) − √ 3(− √ 2F) + √ 2 3 D = √ 2 3 (3F + D).

Now we perform d ↔ s exchange. Our auxiliary baryon Λ_{ds} returns to real Λ while π^−(d̄u) changes to K^−(s̄u) and Σ^+(uu, s) changes to −p(uu, d), so that

2[g(π^−Σ^+Λ_{ds})]_{ds} = −2[g(K^− pΛ)] = √ 2 3 (3F + D). (7)

This is the unitary symmetry result. In the same way we write the formal coupling of pion to Σ^+ and Λ_{us} given by the Eq.(5) and then perform u ↔ s exchange to obtain

2[g(π^−Σ^+Λ̄_{us})]_{us} = 2[g(K^0Ξ^0Λ̄)] = − √ 2 3 (3F − D). (8)

This is again the unitary symmetry result. Similarly one can show that

− 2[g(π^−Σ^+Σ̄^0_{ds})]_{ds} = 2[g(K^− pΣ̄^0)] = √ 2(−F + D), (9)

−2[g(π^−Σ^+Σ̄^0_{us})]_{us} = 2[g(K^0Ξ^0Σ̄^0)] = − √ 2(F + D).

Derivation of these coupling constants indicates us the way to proceed in the formalism of QCD sum rules.

QCD SUM RULES

We use as the example QCD sum rules based on the formalism developed in [6] where unitary symmetry is broken but formules are rather transparent. The sum rule for the M Σ^0Σ^0 coupling reads: 1 √ 2 m^2_M λ^2_Σ g(M Σ^0Σ^0)e^{−(m2Σ/M2)}[1 + A_ΣM^2] =

g_{M ss}m^2_M M^4E_0(x)[ ⟨s̄s⟩ 12π^2 f_M + 3 f_{3M} 4 √ 2π^2 ] −g_{M ss} 1 f_M

M^2(m_d⟨ūu⟩ + m_u⟨d̄d⟩)⟨s̄s⟩

−g_{M ss} m^2_M 72 f_M ⟨s̄s⟩⟨ α_s π G^2⟩

+ 1 6 f_M m^2_0[⟨s̄s⟩(m_d g_{M uu}⟨ūu⟩ + m_ug_{M dd}⟨d̄d⟩)

+m_s(g_{M uu} + g_{M dd})⟨ūu⟩⟨d̄d⟩]. (10)

where m_q, q = u, d, s are current quark masses, f_M is a M -meson decay constant, M = π^0, η, quark condensates are ⟨ūu⟩ = ⟨d̄d⟩ = −(0.23)^3 GeV^3, ⟨s̄s⟩/⟨d̄d⟩ = 0.8, while m^2_0 = 0.8 GeV^2, ⟨ḡ_cqσ · Gq⟩ ≡⟩m^2_0⟨q̄q⟩. The factor E_0(x) = (1 − e^{−x}) is used to subtract the continuum contribution, x = W^2/M^2 [2] (we take W^2 = 2.0 GeV^2). The overlap amplitude is taken as λ^2_B = C · M^6_B GeV^6 [6], with C = 5.48 × 10^{−4}. We neglect in calculations f_{3M} . Parameter A_B accounts for high-resonance contributions.

We define D^{(0)}(M ; M^2; u, d; s) and F^{(0)}(M ; M^2; u, d; s) (this shorthanded notation means that they depend on M^2, all quark masses and all condensates: D^{(0)}(M ; M^2; u, d; s) ≡ D^{(0)}(M ; M^2; m_u, ⟨ūu⟩, ...; m_d, ⟨d̄d⟩, ...; m_s, ⟨s̄s⟩, ...), similar for F ):

F^{(0)}(M ; M^2; u, d; s) = 1 6 f_M m^2_0[⟨s̄s⟩(m_d ⟨ūu⟩ + m_s⟨ūu⟩⟨d̄d⟩],

D^{(0)}(M ; M^2; u, d; s) − F^{(0)}(M ; M^2; u, d; s) = −[m^2_M M^4E_0(x)[ ⟨s̄s⟩ 12π^2 f_M + 3 f_{3M} 4 √ 2π^2 ] − 1 f_M

M^2(m_d⟨ūu⟩ + m_u⟨d̄d⟩)⟨s̄s⟩ − m^2_M 72 f_M ⟨s̄s⟩⟨ α_s π G^2⟩],(11)

The righthand side (RHS) of the Eq.(10) can be written in a form

RHS(M Σ^0Σ^0) = g_{M uu}F^0(M ; M^2; u, d; s) + g_{M dd}F^0(M ; M^2; d, u; s) + 1 2 g_{M ss}(F^0(M ; M^2; s, d; u) + F^0(M ; M^2; s, u; d)) − 1 2 g_{M ss}(D^0(M ; M^2; u, d; s) + D^0(M ; M^2; d, u; s)). (12)

With isotopic invariance we construct Borel sum rule for the π^−Σ^+Σ̄^0:

− m^2_πλ^2_Σ g(π^−Σ^+Σ^0)e^{−(m2Σ/M2)}[1 + A_ΣM^2] = m^2_0 6 f_π

[(m_u⟨s̄s⟩ + m_s⟨ūu⟩)(⟨ūu⟩ + ⟨d̄d⟩)] ≡ √ 2F^{(−)}(π^−; M^2; u, d; s) (13)

and a similar sum rule for π^+Σ^−Σ^0 coupling (upon u ↔ d).

Using analogue of the Eq.(4) √ 3RHS(π^0Σ^0Λ) = RHS(π^0Σ^0_{ds}Σ^0_{ds}) − RHS(π^0Σ^0_{us}Σ^0_{us})

we construct QCD Borel sum rule for π^0ΣΛ coupling [8] √ 3m^2_π λ_Λλ_Σg(π^0Σ^0Λ)

M^2 M^2_Σ − M^2_Λ

(e^{−M2Λ/M2} − e^{−M2Σ/M2} )[1 + A_{ΣΛ}M^2] =

−m^2_πM^4E_0(x)[

⟨d̄d⟩ + ⟨ūu⟩

12π^2 f_π + 3 f_{3π} 4 √ 2π^2 ] + m^2_π 72 f_π

[⟨d̄d⟩ + ⟨ūu⟩]⟨ α_s π G^2⟩ + 1 6 f_π

(6M^2 + m^2_0)[(m_s⟨ūu⟩ + m_u⟨s̄s⟩)⟨d̄d⟩ + (m_d⟨s̄s⟩ + m_s⟨d̄d⟩)⟨ūu⟩] (14)

The RHS of it with Eq.(12) can be put in the form √ 3RHS(π^0Σ^0Λ) = 1 2 √ 2 [D^{(0)}(π^0; M^2; s, d; u) + D^{(0)}(π^0; M^2; s, u; d) +

D^{(0)}(π^0; M^2; u, s; d) + D^{(0)}(π^0; M^2; d, s; u)] → |_{exact SU(3)} √ 2D. (15)

Isotopic invariance allows to deduce the corresponding expression for the π^−Σ^+Λ̄ coupling: √ 3m^2_π λ_Λλ_Σg(π^−Σ^+Λ̄)

M^2 M^2_Σ − M^2_Λ

(e^{−M2Λ/M2} − e^{−M2Σ/M2} )[1 + A_{ΣΛ}M^2] =

= [−m^2_πM^4E_0(x)[

(⟨ūu⟩ + ⟨d̄d⟩) 12π^2 f_π + 3 f_{3π} 4 √ 2π^2 ] + (m^2_0 + 6M^2) 6 f_π

[(m_u⟨s̄s⟩ + m_s⟨ūu⟩)(⟨ūu⟩ + ⟨d̄d⟩)] + + m^2_π 72 f_π

(⟨ūu⟩ + ⟨d̄d⟩)⟨ α_s π G^2⟩] ≡ √ 2D^{(−)}(π^−; M^2; s, d; u) → |_{exact SU(3)} √ 2D. (16)

And now we are able to derive Borel sum rules for K-meson couplings to octet baryons starting from those for πΣΛ and πΣΣ couplings given by the Eqs.(13,16). We shall form auxiliary couplings upon using quantities Λ_{ds}, Σ^0_{ds} and Λ_{us}, Σ^0_{us} given by the Eq. (5), and then return to those usual ones performing transformations d ↔ s and u ↔ s. First we construct a formal sum rule for the case where Λ is changed to Λ_{ds} just by using Eq.(5), and we retain for a moment only RHS of the corresponding sum rules:

RHS(π^−Σ^+Λ̄_{ds}) = − √ 3 2 RHS(π^−Σ^+Σ̄^0) + 1 2 RHS(π^−Σ^+Λ̄) = √ 1 6 (3F^{(−)}(π^−; M^2; u, d; s) + D^{(−)}(π^−; M^2; s, d; u)). (17)

Performing transformation (d ↔ s) we should change π^− to K^−and Σ^+ to −p to obtain:

RHS((g(π^−Σ^+Λ̄_{ds})_{ds}) = −RHS(g(K^− pΛ̄) = √ 1 6 (3F^{(−)}(K^−; M^2; u, s; d) + D^{(−)}(K^−; M^2; d, s; u))

→ |_{exact SU(3)} √ 1 6 (3F + D), (18) or in full notation

m^2_K g_K−_p¯_Λ λ_Λλ_NM^2 (M^2_Λ − M^2_N )

(e^{−M2N /M2} − e^{−M2Λ/M2} )(1 + A_{ΛN}M^2) = − 1 2 √ 3 [−m^2_KM^4E_0(x)[

(⟨ūu⟩ + ⟨s̄s⟩) 12π^2 f_K + 3 f_{3K} 4 √ 2π^2 ] + (2m^2_0 + 3M^2)

3 f_K

[(m_u⟨d̄d⟩ + m_d⟨ūu⟩)(⟨ūu⟩ + ⟨s̄s⟩)] + m^2_K 72 f_K

(⟨ūu⟩ + ⟨s̄s⟩)⟨ α_s π G^2⟩]. (19)

Interchanging (u ↔ d) one transforms it into the sum rule for g_K0_n¯_Λ.

In a similar way constructing a formal sum rule with Λ_{us} we obtain:

m^2_Kg_{K̄}0_Ξ0¯_Λ λ_Λλ_ΞM^2 (M^2_Ξ − M^2_Λ)

(e^{−M2Λ/M2} − e^{−M2Ξ/M2})(1 + A_{ΛΞ}M^2) =

−RHS((g(π^−Σ^+Λ̄_{us})_{us}) = RHS(K̄^0Ξ^0Λ̄) = √ 1 6 (3F^{(−)}(K^0; M^2; s, d; u) − D^{(−)}(K^0; M^2; u, d; s))

→ |_{exact SU(3)} √ 1 6 (3F − D), (20)

Upon interchange (u ↔ d) one get the sum rule for the coupling constant K̄^−Ξ^−Λ̄.

Analogous sum rules can be constructed for Σ^0 coupling with kaon. First using Eq.(5) and Eqs.(13,16) we construct RHS of the sum rule involving Σ^0_{ds}:

− 2 · RHS(π^−Σ^+Σ̄^0_{ds}) = RHS(π^−Σ^+Σ̄^0) + √ 3RHS(π^−Σ^+Λ̄) = − √ 2F^{(−)}(π^−; M^2; u, d; s) + √ 2D^{(−)}(π^−; M^2; s, d; u) (21)

and then return to real Σ^0 with the 2nd transformation (d ↔ s) changing Σ^+ to −p and π^− to K^−:

2m^2_Kg_K−_p¯_Σ0 λ_Σλ_NM^2 (M^2_Σ − M^2_N)

(e^{−M2N /M2} − e^{−M2Σ/M2} )(1 + A_{ΣN} M^2) =

−2 · RHS((π^−Σ^+Σ̄^0_{ds})_{ds}) = 2 · RHS(K^− pΣ̄^0) = − √ 2F^{(−)}(K^−; M^2; u, s; d) + √ 2D^{(−)}(K^−; M^2; d, s; u) → |_{exact SU(3)} − √ 2(F − D), (22)

As the last one we construct sum rule for the formal quantity involving Σ^0_{us} to obtain finally

2m^2_Kg_{K̄}0_Ξ0_{Σ̄}0 λ_Σλ_ΞM^2 (M^2_Ξ − M^2_Σ)

(e^{−M2Σ/M2} − e^{−M2Ξ/M2} )(1 + A_{ΣΞ}M^2) =

− √ 2F^{(−)}(K^0; M^2; s, d; u) − √ 2D^{(−)}(K^0; M^2; u, d; s)

→ |_{exact SU(3)} − √ 2(F + D), (23)

Sum rules for other g¯_{KNΣ} and g¯_{KΞΣ} couplings are obtained with isotopic tramsformations.

SUMMARY AND RESULTS

Thus we have constructed QCD sum rules with the Lorenz structure iγ_5 for K meson - baryon coupling constants g_{KNY} and g_{KΞY} , Y = Σ, Λ starting from those for g_{πΣΣ} and g_{πΣΛ} ones. We have calculated (absolute values of) coupling constants of K-mesons to octet baryons. The results are presented in the Tables 1,2. In order to control our results we recalculate sum rules for π couplings to baryons obtaining values close to those of [6]. As the Lorenz structure iγ_5 was chosen mostly for methodical reasons the results do not pretend to account for real quantities [6].

The sum rules confirm a known result that unitary picture in terms of the D and F constants is not suitable for meson-baryon couplings due to large symmetry breaking. At the same time these sum rules when expressed in terms of the generalized functions F and D reveal indeed a simple SU(3)_f pattern, and this is one of the main results we present here. The relations obtained here indicate in what way one can change and use the concept of the unitary symmetry in the framework of QCD sum rules.

ACKNOWLEDGMENTS

We are grateful to F.Hussain, B.L.Ioffe, G.Thompson for useful discussions. One of us (V.S.Z.) is grateful to to Abdus Salam ICTP (Trieste, Italy) for financial support. This work was supported in part by a Presidential grant N 1619.2003.2 for support of leading scientific schools.

REFERENCES

1. M. A. Shifman, V. I. Vainshtein, V. I. Zakharov, Nucl. Phys., B147,385 (1979). 2. V.M.Belyaev, B.L.Ioffe, JETP, 56, 493 (1982); B.L.Ioffe, Smilga, Nucl.Phys., B232, 109 (1984); I. I.

Balitsky and A. V. Yung, Phys. Lett., B129, 328 (1983). 3. H.Sciomi and T.Hatsuda, Nucl.Phys. A594, 294 (1995).

4. M.C.Birse and B.Krippa, Phys.Lett. B 373, 9 (1996) Phys.Rev.C, 54,3240 (1996). 5. T.Doi, H.Kim and M.Oka, Phys.Rev.C, 62, 055202 (2000).

6. H.Kim, T.Doi, M.Oka, S.H.Lee, Nucl.Phys., A662, 371 (2000); ibid.A678, 295 (2000). 7. T.M.Aliev, A.Ozpineci, and M.Savci, Phys.Rev. D, 64, 034001 (2001). 8. A.Özpineci, S.B.Yakovlev, V.S.Zamiralov, NPI MSU Preprint 2004-19/758. 9. S.Choe, M.K.Cheoun, and Su H.Lee, Phys.Rev. C , 53, 1363 (1996). 10. S.Choe , Phys.Rev. C, 57, 2061 (1998).

11. M.E.Bracco, F.S.Navarra and M.Nielsen, Phys.Lett., B454, 346 (1999).

12. A.Özpineci, S.B.Yakovlev, V.S.Zamiralov, Mod.Phys.Lett., A 20,1 (2005); Phys.Atom.Nucl., 68, 279 (2005).

TABLE 1. The best-fitted values of the coupling constants g_{KNY} , g_{KΞY} and corresponding values of A_{NY} , A_{ΞY} are given together with the Borel windows for each sum rule, Y = Λ, Σ

Coupling Borel Window M^2, GeV^2 g Ag, GeV^{−2} A, GeV^{−2} π^0 pp 1.0-1.4 13.4/ √ 2 5.75 0.62 K̄^0Ξ^0Λ 1.3-2.3 -1.35 0.8 -0.59 K^− pΣ^0 1.1-2.1 1.18 2.53 2.14 K̄^0Ξ^0Σ^0 1.5-2.5 -3.09 -0.94 0.30

TABLE 2. The values of the coupling constants g_{KNY} , g_{KΞY} , Y = Λ, Σ, of this work as well as of several recent works are given

Coupling |g| [11] g [9],[10] g, this work

π^0 pp - - 13.4/ √ 2(input) KNΛ 2.37±0.09 -3.47 0.77 K̄ΞΛ - - -1.35 KNΣ 0.025±0.015 1.17 1.18 K̄ΞΣ - 7.02 -3.09