hep-ph/9912424 20 Dec 1999

Doubly heavy systems: decays and OPE.

Andrei I. Onishchenko

Institute for Theoretical and Experimental Physics, Moscow, B. Cheremushkinskaja, 25, 117259 Russia Fax: 7 (095) 123-65-84.

Abstract

We discuss questions related to the application of OPE for the long-lived systems with two heavy flavors. The values of quark masses entering such calulations are constrained by use of currently available data on the lifetimes of B_d and B_c-mesons. The lifetimes of doubly charmed baryons at these values of parameters are evaluated. The necessary comments on the difference in the results obtained previously are made.

1 Introduction

The main motivation for studying the weak decays of doubly heavy systems is to test our understanding of QCD in the limit, where some masses involved are heavy and, as a consequence, certain aspects of bound state dynamics are simplified. In the case, when the decay of bound system proceeds due to electro-weak interactions, the consideration also gives us a possibility to extract some basic properties of quark interactions at a fundamental level, including precise determination of CKM parameters. The analysis of decays for the doubly heavy systems already has a long history. First of all, the decays of J/ψ and Υ were considered. Being composed by the quark and antiquark of the same flavor, these mesons decay mainly trough quark-antiquark annihilation into hadrons or lepton pair. Another particle, acquiring a lot of attention, was the B_c-meson [2]. It represents a first long-lived particle in the family of doubly heavy systems, whose decays proceed due to the weak interactions. The other representatives in the family of doubly heavy hadrons are baryons with two heavy quark, yet to be discovered experimentally. In this paper we would like to consider lifetimes and some issues of OPE, used in such the framework for the hadrons with two heavy quarks, which decay due to the weak interactions.

Weak decays of the ground state of B_c-meson together with semileptonic and various exclusive modes were considered in [3, 4, 5, 7, 8, 9]. The estimates of total B_c-lifetime in various quark models were done in [4, 5, 6]. The first OPE based result for the lifetime of B_c-meson was obtained in [10], where, however, the matrix element for the dimension 5 operator Q̄gσ · GQ was incorrectly evaluated, which led to the overestimation of B_c-lifetime^1. In addition, the leading corrections to the spectator decays of b̄ and c-quarks determined by the kinetic energy, weak annihilation and Pauli interference, were not calculated explicitly in [10]. A systematical OPE-based approach to the evaluation of B_c-meson lifetime was developed in [11]. In a short time, the lifetime value predicted in

1See a discussion of this point in [11].

[11] was experimentally confirmed by the discovery of B_c-meson at FNAL by the CDF-collaboration [1].

At the next stage in studying the decays of doubly heavy systems the approach of [11] was generalized to the case of baryons with two heavy quarks in [12, 13]. A repetition of our results at different values of parameters was done in [14]. The questions related to the spectroscopy, sum rules and production of doubly heavy baryons were considered in [15, 16, 17, 18], correspondingly.

In this work we discuss the question related to the choice of parameters used in the OPE-based frameworks for the doubly heavy systems, as required to obtain the theoretical predictions on the lifetimes in agreement with the experimentally measured values.

This paper is organized as follows. In Section 2, we define notations in the framework of OPEcalculations for the total widths of hadrons with two heavy quarks. In Section 3, the procedure for estimatinf the non-perturbative matrix elements between the states with two heavy flavors is considered. Section 4 is devoted to the numerical evaluation and discussion of parameter choice explored for the calculation of lifetimes for the doubly charmed baryons to be consistent with the experimentally measured value of B_c-meson lifetime. We draw conclusions in Section 5 by summarizing our results.

2 The OPE framework for lifetimes

In accordance with the optical theorem, the total width Γ_H for the hadron H, where H is the B_c-meson or one of the baryons Ξ^{++}_{cc} , Ξ^+_{cc} and Ω_{cc} , has the form

Γ_H = 1 2M_H ⟨H|T |H⟩, (1) where we accept the ordinary relativistic normalization of state, ⟨H|H⟩ = 2EV , and the transition operator T : T = ℑm ∫ d^4x {T̂ H_{eff} (x)H_{eff} (0)}, (2) is determined by the effective lagrangian of weak interaction H_{eff} at the characteristic hadron energies: H_{eff} = G_F 2 √ 2 V_{q2q3} V^∗_{Qq1} [C_+(μ)O_+ + C_−(μ)O_−] + h.c. (3)

where O_± = [q̄_{1α}γ_ν (1 − γ_5)Q_β][q̄_{2γ}γ^ν (1 − γ_5)q_{3δ}](δ_{αβ}δ_{γδ} ± δ_{αδ}δ_{γβ}),

C_+ = [ α_s(M_W ) α_s(μ) ] 6_{33−2f} , C_− = [ α_s(M_W ) α_s(μ) ] −12_{33−2f} , so that f denotes the number of flavors, and Q marks the flavor of heavy quark (b or c).

The quantity T in (1) permits the Operator Product Expansion in the inverse powers of heavy quark mass. The reason is that, the energy release in the weak decay of either quark is large compared to the scale of bound state dynamics, and, so, we can expand in series over the ratio of these scales. In this way, the OPE has the form: T = 2∑ i=1 {C_1(μ)Q̄^iQ^i + 1 m^2_{Qi} C_2(μ)Q̄^igσ_{μν} G^{μν} Q^i + 1 m^3_{Qi} O(1)}. (4)

The leading contribution is given by the spectator decay, i.e. by the term Q̄Q, which is the operator of dimension 3. The corrections to the spectator decays of quarks are given by the operator of dimension 5: Q_{GQ} = Q̄gσ_{μν} G^{μν} Q and operators of dimension 6, Q_{2Q2q} = Q̄Γqq̄Γ^′ Q, where the dominant contributions are provided by the Pauli interference and weak scattering. For the latter, we have

T_B+_c = T_{35b} + T_{35c} + T^{(1)}_{6,P I} + T^{(1)}_{6,W A}, T_Ξ++_{cc} = 2T_{35c} + T^{(2)}_{6,P I} , T_Ξ+_{cc} = 2T_{35c} + T^{(3)}_{6,W S}, T_Ω+_{cc} = 2T_{35c} + T^{(4)}_{6,P I} ,

where T_{35Q} denotes the contributions into the decays of quark Q by the operators with the dimensions 3 and 5, and the forthcoming terms are the interference, scattering and annihilation of constituents. In the explicit form we find T_{35b} = Γ_{b,spec}b̄b − Γ_{0b} m^2_b

[2P_{c1} + P_{cτ 1} + K_{0b}(P_{c1} + P_{cc1}) + K_{2b}(P_{c2} + P_{cc2})]O_{Gb}, (5)

T_{35c} = Γ_{c,spec}c̄c − Γ_{0c} m^2_c

[(2 + K_{0c})P_{s1} + K_{2c}P_{s2}]O_{Gc}, (6)

where Γ_{0b} =

G^2_F m^5_b 192π^3

|V_{cb}|^2, Γ_{0c} =

G^2_F m^5_c 192π^3 (7) with K_{0Q} = C^2_− + 2C^2_+, K_{2Q} = 2(C^2_+ − C^2_−), and Γ_{Q,spec} denotes the spectator width (see [19, 21, 22, 23]):

P_{c1} = (1 − y)^4, P_{c2} = (1 − y)^3, (8)

P_{cτ 1} = √ 1 − 2(r + y) + (r − y)^2[1 − 3(r + y) + 3(r^2 + y^2) − r^3 − y^3 − 4ry +

7ry(r + y)] + 12r^2y^2 ln (1 − r − y + √ 1 − 2(r + y) + (r − y)^2)^2 4ry (9)

P_{cc1} = √ 1 − 4y(1 − 6y + 2y^2 + 12y^3)24y^4 ln 1 + √ 1 − 4y 1 − √ 1 − 4y (10)

P_{cc2} = √ 1 − 4y(1 + y 2 + 3y^2) − 3y(1 − 2y^2) ln 1 + √ 1 − 4y 1 − √ 1 − 4y (11)

where y =^{m2c}_{m2b} and r = m^2_τ /m^2_b . The functions P_{s1}(P_{s2}) can be obtained from P_{c1}(P_{c2}) by the substitution y = m^2_s/m^2_c . In the b-quark decays, we neglect the value m^2_s/m^2_b and suppose m_s = 0.

The calculation of Pauli interference for the products of heavy quark decays with the quarks in the initial state, weak scattering and annihilation of quarks, composing the hadron, results in:

T^{(1)}_{6,P I} = T^{b̄}_{P I,cs̄} (12) T^{(1)}_{6,W A} = T_{W A,cs̄} + T_{W A,u}¯_d + ∑ l T_{W A,νl}¯_l (13)

T^{(2)}_{6,P I} = 2T^c_{P I,ud̄} (14) T^{(3)}_{6,W S} = 2T_{W S,cd} (15) T^{(4)}_{6,P I} = 2T^{c′}_{P I,u}¯_d + 2 ∑ l T^c_{P I,νl}¯_l (16)

so that 2T^c_{P I,ud̄} = − G^2_F |Ψ^{dl}(0)|^2 4π m^2_c(1 − m_u m_c )^2(m_c + m_u) { 10(1 − z_−)^2 − 17 3 (1 − z_−)^2 } × ( (C_+ + C_−)^2 + 1 3 (1 − 4k^{12} )(5C^2_+ + C^2_− − 6C_−C_+) ) (17) 2T_{W S,cd} = 3G^2_F |Ψ^{dl}(0)|^2 π m^2_c (1 + m_d m_c )^2(m_c + m_d)(1 − z_+)^2 × ( C^2_+ + C^2_− + 1 3 (1 − 4k^{12} )(C^2_+ − C^2_−) ) (18) 2T^{c′}_{P I,ud̄} = 13G^2_F |Ψ^{dl}(0)|^2 12π m^2_c(1 − m_s m_c )^2(m_c + m_s) × ( (C_+ − C_−)^2 + 1 3 (1 − 4k^{12} )(5C^2_+ + C^2_− + 6C_−C_+) ) (19) 2T^c_{P I,ντ τ̄} = G^2_F |Ψ^{dl}(0)|^2 π m^2_c(1 − m_s m_c )^2(m_c + m_s) { 10(1 − z_−)^2 − 17 3 (1 − z_−)^2 } (20) T^{b̄}_{P I,cs̄} = G^2_F 12π |V_{cb}|^2f^2_{Bc} M_{Bc} (m_b − m_c)^2(1 − z_−)^2(2C^2_+ − C^2_−) (21) T_{W A,cs} = G^2_F 24π |V_{cb}|^2f^2_{Bc} M_{Bc} m^2_c(1 − z_+)^2(4C^2_+ + C^2_− + 4C_+C_−) (22) T_{W A,ντ} = G^2_F 8π |V_{cb}|^2f^2_{Bc} M_{Bc} m^2_τ (1 − z_τ )^2 (23) T^c_{P I,νeē} = T^c_{P I,νμμ̄} = T^c_{P I,ντ τ̄} (z_τ → 0) (24) Here Ψ(0) is the value of quark-diquark baryon wavefunction at the origin, and f_{Bc} is the leptonic constant for B_c-meson. In the evolution of coefficients C_+ and C_−, we have taken into account the threshold effects, connected to the heavy quark masses.

In expressions (5) and (6), the scale μ has been taken approximately equal to m_c. In the Pauli interference term, we suggest that the scale can be determined on the basis of the agreement of the experimentally known difference between the lifetimes of Λ_c, Ξ^+_c and Ξ^0_c with the theoretical predictions in the framework described above^2. In any case, the choice of the normalization scale leads to uncertainties in the final results.

At present, the spectator decays of heavy quarks, contributing to T_{35Q}, are known in the logarithmic approximation of QCD to the second order [24, 25, 26, 27, 28], including the mass corrections in the final state with the charmed quark and τ -lepton [28] in the decays of b-quark and with the strange quark mass for the decays of c-quark. In the numerical estimates, we include these corrections and mass effects, but we neglect the decay modes suppressed by the Cabibbo angle, and also the strange quark mass effects in the b-decays.

2A more expanded description is presented in [12].

Thus, the calculation of lifetimes for the doubly heavy systems under consideraton is reduced to the problem of evaluating the matrix elements of operators, which is the subject of next section.

3 Hadronic matrix elements

By use of motion equations, the matrix element of operator Q̄^jQ^j can be expanded in series over powers of 1/m_Qj : ⟨H|Q̄^jQ^j|H⟩_{norm} = 1 − ⟨H|Q̄^j [(iD)^2 − (^i_2 σG)]Q^j|H⟩_{norm} 2m^2_{Qj} + O( 1 m^3_{Qj} ). (25)

Thus, we have to estimate the matrix elements of operators from the following list only:

Q̄^j(iD)^2Q^j, ( i 2 )Q̄^jσGQ^j, Q̄^jγ_α(1 − γ_5)Q^jq̄γ^α(1 − γ_5)q, Q̄^jγ_αγ_5Q^jq̄γ^α(1 − γ_5)q, Q̄^jγ_αγ_5Q^jQ̄^kγ^α(1 − γ_5)Q^k, (26) Q̄^jγ_α(1 − γ_5)Q^jQ̄^kγ^α(1 − γ_5)Q^k.

The meaning of each term in the above list was already discussed in the previous papers on the decays of doubly heavy baryons [12, 13] and in [11], so we omit it here.

Further, employing the NRQCD expansion of operators Q̄Q and Q̄gσ_{μν} G^{μν} Q, we have

Q̄Q = Ψ^†_QΨ_Q − 1 2m^2_Q

Ψ^†_Q(iD)^2Ψ_Q + 3 8m^4_Q

Ψ^†_Q(iD)^4Ψ_Q − 1 2m^2_Q

Ψ^†_QgffBΨ_Q − 1 4m^3_Q

Ψ^†_Q(DgE)Ψ_Q + ... (27)

Q̄gσ_{μν} G^{μν} Q = −2Ψ^†_QgffBΨ_Q − 1 m_Q Ψ^†_Q(DgE)Ψ_Q + ... (28)

Here the factorization at scale μ (m_Q > μ > m_Qv_Q) is supposed. We have omitted the term of Ψ^†_Qff(gE×D)Ψ_Q, corresponding to the spin-orbital interactions, which are not essential for the basic state of hadrons under consideration. The field Ψ_Q has standard non-relativistic normalization.

Further, the phenomenological experience in the potential quark models shows, that the kinetic energy of quarks practically does not depend on the quark contents of system, and it is determined by the color structure of state. So, we suppose that the kinetic energy is equal to T = m_bv^2_b /2+m_cv^2_c /2 in the B_c-meson and to T = m_dv^2_d/2 + m_lv^2_l /2 in the case of doubly heavy baryons for the quarkdiquark system, and it is T/2 = m_bv^2_b /2 + m_cv^2_c /2 in the diquark (the color factor of 1/2). Then

⟨B_c|Ψ^†_b(iD)^2Ψ_b|B_c⟩ 2M_{Bc} m^2_b

≃ v^2_b ≃ 2m_cT m_b(m_c + m_b)

(29)

⟨B_c|Ψ^†_c(iD)^2Ψ_c|B_c⟩ 2M_{Bc} m^2_c

≃ v^2_c ≃ 2m_bT m_c(m_c + m_b)

(30)

⟨Ξ^⋄_{QQ}′|Ψ^†_Q(iD)^2Ψ_Q|Ξ^⋄_{QQ}′⟩ 2M_Ξ⋄_{QQ′} m^2_Q

≃ v^2_Q ≃ 2m_qT (m_q + m_Q′ + m_Q)(m_Q′ + m_Q) + m_Q′ T m_Q(m_Q + m_Q′ )

. (31)

⟨Ξ^⋄_{QQ}′ |Ψ^†_Q′ (iD)^2Ψ_Q′ |Ξ^⋄_{QQ}′⟩

2M_Ξ⋄_{QQ′} m^2_Q′ ≃ v^2_Q′ ≃ 2m_qT (m_q + m_Q′ + m_Q)(m_Q′ + m_Q) + m_QT m_Q′ (m_Q + m_Q′)

. (32)

Applying the quark-diquark approximation for the doubly heavy baryons and relating the matrix element of chromomagnetic interaction of heavy quarks in the B_c-meson and that of diquark with the light quark to the mass difference between the exited and ground states M_H∗ − M_H , we have ⟨B_c|c̄c|B_c⟩ 2M_{Bc} = 1 − 1 2 v^2_c + 3 4 M_B∗_c − M_{Bc} m_c ( 1 − m_b 2m_c ) + ... ≈ 1 − 0.190 + 0.037 − 0.061 + . . . (33) ⟨Ξ^⋄_{cc}|c̄c|Ξ^⋄_{cc}⟩ 2M_Ξ⋄_{cc} = 1 − 1 2 v^2_c − 1 3 M_Ξ⋄∗_{cc} − M_Ξ⋄_{cc} m_c − 5g^2 18m^3_c

|Ψ^d(0)|^2 + ...

≈ 1 − 0.073 − 0.025 − 0.009 + . . . (34) ⟨Ω^⋄_{cc}|c̄c|Ω^⋄_{cc}⟩ 2M_Ω⋄_{cc} = 1 − 1 2 v^2_c − 1 3 M_Ω⋄∗_{cc} − M_Ω⋄_{cc} m_c − 5g^2 18m^3_c

|Ψ^d(0)|^2 + ...

≈ 1 − 0.078 − 0.025 − 0.009 + . . . (35)

Our presentation here is less detailed than in previous papers [12, 13]. However, we hope, that the interested reader can find there all needed details. Numerically, we have assigned T ≃ 0.4 GeV. The values of |Ψ^d(0)| and M_H are given in the next section.

Analogous expressions can be obtained for the matrix elements of operator Qgσ_{μν} G^{μν} Q ⟨B_c|c̄gσ_{μν} G^{μν} c|B_c⟩ 2M_{Bc} = 3m_c(M_B∗_c − M_{Bc} ) ( 1 − m_b 2m_c ) ≈ −0.216, (36) ⟨Ξ^⋄_{cc}|c̄gσ_{μν} G^{μν} c|Ξ^⋄_{cc}⟩ 2M_Ξ⋄_{cc} m^2_c = − 4 3 (M_Ξ⋄∗_{cc} − M_Ξ⋄_{cc} ) m_c − 7g^2 9m^3_c

|Ψ^d(0)|^2 ≈ −0.124, (37) ⟨Ω_{QQ}′ |c̄gσ_{μν}G^{μν} c|Ω_{QQ}′ ⟩ = ⟨Ξ^⋄_{QQ}′|c̄gσ_{μν} G^{μν} c|Ξ^⋄_{QQ}′⟩ (38) The permutations of quark masses lead to the required expressions for the operators of b̄b and b̄gσ_{μν} Gμν b. 4 Numerical results and Discussion

The analysis of B_c-meson lifetime and lifetimes of doubly heavy baryons considered in [11, 12, 13] shows a strong dependence on quark mass values. As has been said in Introduction, the aim of this work is to reduce this uncertainty in a way for the case of doubly heavy baryons. For this purpose, we would like to note, that the OPE framework used by us for the calculation of lifetimes of doubly heavy baryons is a generalization of what was previously developed for theB_c-meson lifetime [11]. So we can test different sets of parameters used in the calculations of doubly heavy baryons lifetimes to the case of B_c-meson, for which we already have some experimental data.

The total width of B_c-meson consists of the spectator b̄ and c-quark decays, Pauli interference and weak annihilation contributions. The lifetime dependence on the b-quark mass can be eliminated by the requirement, that for any value of m_c, the m_b mass value is obtained by the matching which results in the B_d-meson lifetime to be equal to the experimentally measured value τ_{Bd} ≈ 1.55 ps. This prescription leads to the following approximate relation between the heavy quark masses

m_b = m_c + 3.5GeV (39)

The performed analysis shows, that the B_c-meson lifetime dependence on the c-quark mass is quite large, and it is hard to eliminate the dependence by use of some external input. For example, a quite large c-quark mass or too low virtuality^3 are required to reproduce the absolute lifetime and semileptonic width in the OPE-based approach. Note also, that the application of OPE is based on the assumption about the quark-hadron duality. The latter can be violated in the case of D-mesons [29, 30], and, thus, in this case the OPE predictions are less reliable. On the other hand, as was noted by authors of [11], there is no obvious violation of this duality in the case of B_c-mesons. So, here we attempt to extract the c-quark mass value by fitting the OPE result for the B_c-meson lifetime to the experimentally measured value to use in the calculations of lifetimes for the doubly heavy baryons, yet to be discovered.

In the calculations of B_c-meson lifetime we have used the following set of parameters

m_s = 0.2GeV |V_{cb}| = 0.04 M_{Bc} = 6.26GeV M_B∗_c − M_{Bc} = 0.073GeV T = 0.37GeV f_{Bc} = 0.5GeV (40)

It is just the set of parameters, implemented in the original paper on the B_c lifetime. Here, we would like to note, that the quoted value of f_{Bc} is bigger, than one obtained in the framework of QCD sum rules [31, 32, 33].

In the calculation of quark spectator decays we put the renormalization scale to μ = m_Q and in the case of nonspectator decays we have^4 μ = m_{red}, being the reduced mass for the B_c-meson system. In Table 1 we have collected the numerical values of B_c-meson lifetimes and relative spectator and nonspectator contributions for the different sets of b and c-quark masses, satisfying relation (39). Analyzing this Table, we see that, for example, the set of parameters, proposed in [14]

Parameters, GeV ∑¯ b → c̄, ps^{−1} ∑ c → s, ps^{−1} PI, ps^{−1} WA, ps^{−1} τ_{Bc} , ps m_b = 5.0, m_c = 1.5, m_s = 0.20 0.694 1.148 -0.115 0.193 0.54 m_b = 4.8, m_c = 1.35, m_s = 0.15 0.576 0.725 -0.132 0.168 0.75 m_b = 5.1, m_c = 1.6, m_s = 0.45 0.635 1.033 -0.101 0.210 0.55 m_b = 5.1, m_c = 1.6, m_s = 0.20 0.626 1.605 -0.101 0.210 0.43 m_b = 5.05, m_c = 1.55, m_s = 0.20 0.623 1.323 -0.107 0.201 0.48 m_b = 5.0, m_c = 1.5, m_s = 0.15 0.620 1.204 -0.114 0.193 0.53

Table 1: The value of B_c-meson lifetime together with the spectator and nonspectator contributions to the width at various choices of parameters.

for the calculation of lifetimes for the doubly charmed baryons, is completely inconsistent with the

3At low values, the perturbation theory cannot be justified.

4As in the case of B_c-meson, the nonspectator contributions are not so large as compared to those of doubly charmed baryons, we have not introduced an additional low energy logarifmic renormalization for them.

experimental data, when applied to the calculation of B_c-lifetime. At this set, we have τ_{Bc} = 0.75 ps contrary to τ^{exp}_{Bc} = 0.46 ± 0.18^{stat} ± 0.03^{syst}ps. (41) The best set of parameters turns out to be m_b = 5.05, m_c = 1.55, m_s = 0.2 GeV. So, now we in the situation, when our set of parameters has a strong motivation, and we may, at a confidence level, apply it to the calculation of lifetimes for the doubly heavy baryons.

Estimating the lifetimes of doubly charmed baryons we put

m_s = 0.2 GeV m^∗_s = 0.45 GeV m^∗_l = 0.3 GeV |V_{cs}| = 0.9745 M_Ξ++_{cc} = M_Ξ+_{cc} = 3.478 GeV M_{Ωcc} = 3.578 GeV (42)

M_Ξ⋄∗_{cc} − M_Ξ⋄_{cc} = M_Ω∗_{cc} − M_{Ωcc} = 0.132 GeV T = 0.4 GeV Ψ^d(0) = 0.150 GeV^{32}

The numerical values of parameters, characterizing the doubly charmed baryons, are taken from [15, 16]. m^∗_s and m^∗_l are the strange and light quark constituent masses, used for the calculation of bound state effects in the hadronic matrix elements of doubly charmed baryons. For the value of light quark-diquark function we assume

|Ψ^{dl}(0)|^2 = 2 3 f^2_DM_Dk^{− 4}9 12 , (43)

where f_D = 170 MeV. This expression was obtained by performing the steps similar to [34, 35] for the derivation of hyperfine splitting in the light quark-diquark system. The factor k^{− 4}9 accounts for the low energy logarithmic renormalization of f_D constant. In the calculation of nonspectator effects, we have accounted for the low energy logarithmic renormalization to a hadronic scale μ, where the latter was determined from the fit of theoretical predictions for the lifetime differences of baryons Λ_c, Ξ^+_c and Ξ^0_c to the corresponding experimental values. Tables 2,3,4 contain the values of lifetimes and relative spectator and nonspectator contributions for the doubly charmed baryons, as calculated at different sets of parameters used previously[12, 14], and that of obtained from the fit of B_c-meson lifetime to the experimentally measured value.

Parameters, GeV ∑ c → s, ps^{−1} PI, ps^{−1} τ_Ξ++_{cc} , ps m_c = 1.35, m_s = 0.15 1.638 -0.616 0.99 m_c = 1.6, m_s = 0.45 2.397 -0.560 0.56 m_c = 1.55, m_s = 0.2 3.104 -0.874 0.45

Table 2: The value of Ξ^{++}_{cc} lifetime together with the spectator and nonspectator contributions at various values of parameters.

The lifetimes, calculated at m_c = 1.6 GeV, m_s = 0.45 GeV, differ from those calculated previously at these values of parameters, because of different value for the wavefunction of light quarkdiquark system, used previously. The lifetime of Ξ^+_{cc} differs from that of calculated in [14] because of the weak scattering contribution to the total lifetime of baryon under consideration, which was wrongly estimated before in [14]. The final comment concerns with the importance of Pauli interference in semileptonic inclusive decays of c-quark, which was introduced by Voloshin. As argued

Parameters, GeV ∑ c → s, ps^{−1} WS, ps^{−1} τ_Ξ+_{cc} , ps m_c = 1.35, m_s = 0.15 1.638 1.297 0.34 m_c = 1.6, m_s = 0.45 2.397 2.563 0.20 m_c = 1.55, m_s = 0.2 3.104 1.776 0.20

Table 3: The value of Ξ^+_{cc} lifetime together with the spectator and nonspectator contributions at various values of parameters.

Parameters, GeV ∑ c → s, ps^{−1} PI, ps^{−1} τ_{Ωcc} , ps m_c = 1.35, m_s = 0.15 1.638 1.780 0.30 m_c = 1.6, m_s = 0.45 2.397 0.506 0.34 m_c = 1.55, m_s = 0.2 3.104 1.077 0.24

Table 4: The value of Ω^+_{cc} lifetime together with the spectator and nonspectator contributions at various values of parameters.

by the authors of [14], this term can be valuable. So, it is given by the following equation: Γ^{V oloshin} SL = G^2_F 12π |V_{cd}|^2m^2_c(4 √ k − 1)5|Ψ^{dl}(0)|^2. (44)

This term being doubly Cabbibo suppressed in the case of Ξ^+_{cc}-baryons, does not give any sizeable contribution, when we discuss the lifetimes of these baryons and should be taken into account only in estimations of semileptonic branching ratios of heavy baryons. In the case of Ω_{cc}-baryon it is no longer suppressed, and, so, this term is explicitly accounted for in our formulae.

As can be seen from the previously performed analysis [12, 13, 14], the lifetimes of doubly heavy baryons strongly depend on the value of wavefunction for the light quark-diquark system at the origin. Also, we can present some arguments for its determination, but in all the cases these arguments rest on the hypothesis of quark-diquark picture for the doubly heavy baryons. In Fig. 1, 2, 3 we have plotted the dependence of lifetimes for the doubly charmed baryons on this parameter. The precise value of light quark-diquark wavefunction is under question, and, thus, the uncertainty in its value should be included in the presented estimates of lifetimes.

Finally we would like to comment on the theoretical errors in the given results. They are mainly caused by the following:

1) The uncertainty in c-quark mass, taking into account the experimental errors on the B_c-meson lifetime, can lead to^{δΓ}_Γ ≈ 15%.

2) The uncertainty in the value of light quark-diquark wave function at the origin can lead to δΓ Γ ≈ 30%.

Combining these two sources of uncertainties we get the total error of presented estimates at the level of 45%.

τ_Ξ++_{cc} , ps

|Ψ^{dl}(0)|^2, GeV^3

Figure 1: The dependence of Ξ^{++}_{cc} -baryon lifetime on the value of wavefunction of light quark-diquark system at the origin |Ψ^{dl}(0)|.

τ_Ξ+_{cc} , ps

|Ψ^{dl}(0)|^2, GeV^3

Figure 2: The dependence of Ξ^+_{cc}-baryon lifetime on the value of wavefunction of light quark-diquark system at the origin |Ψ^{dl}(0)|.

τ_{Ωcc} , ps

|Ψ^{dl}(0)|^2, GeV^3

Figure 3: The dependence of Ω_{cc}-baryon lifetime on the value of wavefunction of light quark-diquark system at the origin |Ψ^{dl}(0)|.

5 Conclusion

In the present paper we have performed a detail investigation of parameter influence on the lifetimes of systems with two heavy flavors, calculated in the OPE-based approach. The fit to currently available data on the lifetimes of B_d and B_c-mesons, allowed us significantly to constraint the region of heavy quark masses. We present the numerical estimates for the lifetimes of doubly charmed baryons and discuss the huge difference between the results obtained previously.

This work is in part supported by the Russian Foundation for Basic Research, grants 96-02- 18216 and 96-15-96575. The work of A.I. Onishchenko was supported by the International Center of Fundamental Physics in Moscow and Soros Science Foundation. The author would like to express a gratitude to Profs. A.K.Likhoded and V.V.Kiselev for stimulating discussions. I especially thank my wife for a strong moral support and a help in doing the physics.

References

[1] F.Abe et al., Phys. Rev. Lett. 81 (1998) 2432, Phys. Rev. D58 (1998) 112004.

[2] S.S.Gershtein et al., preprint IHEP 98-22. 1998. [hep-ph/9803433];

S.S.Gershtein et al., Uspekhi Fiz. Nauk. 165 (1995) 3.

[3] D. Du and Z. Wang, Phys.Rev. D39, (1989) 1342.

[4] M. Lusignoli and M. Masetti, Z.Phys. C51, (1991) 549.

[5] C.-H. Chang and Y.-Q. Chen, Phys.Rev. D49, (1994) 3399.

[6] C. Quigg, Procceedings of the Workshop on B-physics at Hadron Colliders, Snowmass (1993), eds. P. McBride and C.S. Mishra [7] V.V. Kiselev, A.V. Tkabladze, Phys.Rev. D48, (1993) 5208.

[8] V.V. Kiselev, A.K. Likhoded, A.V. Tkabladze, Phys.Atom.Nucl. 56, (1993) 643; Yad.Fiz. 56, (1993) 128.

[9] V.V. Kiselev, A.K. Likhoded, A.I. Onishchenko, to appear in Nucl.Phys. B, hep-ph/9905359. [10] I. Bigi, Phys. Lett. B371 (1996) 105.

[11] M. Beneke and G. Buchalla, Phys. Rev. D53 (1996) 4991.

[12] V.V. Kiselev, A.K. Likhoded, A.I. Onishchenko, Phys.Rev. D60, (1999) 014007, hepph/9807354.

[13] V.V. Kiselev, A.K. Likhoded, A.I. Onishchenko, hep-ph/9901224.

[14] B. Guberina, B. Melic, H. Stefancic, Eur.Phys.J. C9, (1999) 213, hep-ph/9901323, hepph/9911241.

[15] S.S. Gershtein, V.V. Kiselev, A.K. Likhoded, A.I. Onishchenko, Mod.Phys.Lett. A14, (1999) 135, hep-ph/9807375 [16] S.S. Gershtein, V.V. Kiselev, A.K. Likhoded, A.I. Onishchenko, Heavy Ion Phys. 9, (1999) 133, hep-ph/9811212 [17] E. Bagan, M. Chabab, S. Narison, Phys.Lett.B306, (1993) 350;

E. Bagan at al., Z.Phys. C64, (1994), 57; V.V. Kiselev, A.I. Onishchenko, hep-ph/9909337.

[18] A.V.Berezhnoy, V.V.Kiselev, A.K.Likhoded, A.I.Onishchenko, Phys. Rev. D57 (1997) 4385;

D.Ebert, R.N.Faustov, V.O.Galkin, A.P.Martynenko, V.A.Saleev, Z. Phys. C76 (1997) 111; J.G.Körner, M.Krämer, D.Pirjol, Prog. Part. Nucl. Phys. 33 (1994) 787; R.Roncaglia, D.B.Lichtenberg, E.Predazzi, Phys. Rev. D52 (1995) 1722; E.Bagan, M.Chabab, S.Narison, Phys. Lett. B306 (1993) 350.

[19] I.Bigi et al., ”B Decays”, Second edition, ed. S. Stone (World Scientific, Singapore, 1994) [20] G.P.Lepage et al., Phys. Rev. D46 (1992) 4052.

[21] I.Bigi, N.Uraltsev, A.Vainshtein, Phys. Lett. B293 (1992) 430, Phys. Lett. B297 (1993) 477;

B.Blok, M.Shifman, Nucl. Phys. B399 (1993) 441, 459; I.Bigi et al., Phys. Lett. B323 (1994) 408.

[22] A.V.Manohar, M.B.Wise, Phys. Rev. D49 (1994)1310. [23] A.F.Falk et al., Phys. Lett. B326 (1994) 145;

L.Koyrakh, Phys. Rev. D49 (1994) 3379.

[24] G.Altarelli et al., Nucl. Phys. B187 (1981) 461. [25] A.J.Buras, P.H.Weisz, Nucl. Phys. B333 (1990) 66. [26] G.Buchalla, Nucl. Phys. B391 (1993) 501.

[27] Q.Hokim, X.Y.Pham, Phys. Lett. B122 (1983) 297, Ann. Phys. 155 (1984) 202. [28] E.Bagan et al., Nucl. Phys. B432 (1994) 3, Phys. Lett. B342 (1995)362. [29] B. Block and M. Shifman, in Proceedings of the 3rd Workshop on the Tau-Charm Factory, Marbella, Spain, June 1993, p. 247, eds. J. Kirky and R. Kirky (Editions Frontieres, Gifsur- Yvette, 1994) [30] B. Block, R.D. Dikeman and M. Shifman, Phys.Rev. D51, (1995) 6167. [31] E. Bagan, H.G. Dosch,P.Gosdzinsky, S.Narison and J.M.Richard, Z.Phys. C64, (1994) 57 [32] V.V. Kiselev, Int.J.Mod.Phys. A11, (1996) 3689.

[33] V.V. Kiselev, A.V. Tkabladze, Sov.J.Nucl.Phys. 50, (1989) 1063; Yad.Fiz. 50, (1989) 1714. [34] A. De Rújula, H. Georgi, S.L. Glashow, Phys. Rev. D12, (1975) 147 [35] J.L. Cortes, J. Sanchez Guillen, Phys.Rev. D24, (1981) 2982.