hep-ph/9904325 14 Apr 1999

Exclusive Weak Radiative Decays of B Mesons in the Covariant Oscillator Quark Model

Rukmani Mohanta, Anjan K. Giri, Mohinder P. Khanna Muneyuki Ishida^∗ and Shin Ishida^{∗∗}

Department of Physics, Panjab University, Chandigarh-160014, India ∗ Department of Physics, Tokyo Institute of Technology Tokyo 152-8551, Japan ∗∗ Atomic Energy Research Institute, College of Science and Technology Nihon University, Tokyo 101, Japan

(Received December 26, 1998 )

Exclusive weak radiative B meson decays are studied using the covariant oscillator quark model. The branching ratios for the processes B^0 → K^{∗0}γ and B^± → K^{∗±}γ have been estimated. These are in reasonable agreement with the available experimental data. The calculation has been extended to the CKM-suppressed decay processes B^− → ρ^−γ and Bs → K^{∗0}γ. x1. Introduction

The study of the weak radiative decay B → K^∗γ as a test of Standard Model (SM) has attracted considerable attention since the CLEO experiment^{1)} gave the preliminary determination of the exclusive branching ratio Br(B → K^∗γ) = (4.0 ± 1.7 ± 0.8) × 10^{−5}. The weak radiative decays of B mesons (which proceed through a flavor changing neutral current, absent at the tree level in the SM) are remarkable for several reasons. The B → K^∗γ decay arises from the quark level process b → sγ via penguin-type diagrams at the one loop level. Hence it is not only a significant test of Standard Model flavor-changing neutral current dynamics but also is sensitive to new physics appearing through virtual particles such as the top quark and W boson in the internal loop. The study of this process provides valuable information concerning the Cabibbo-Kobayashi-Maskawa (CKM) parameters, V_{td}, V_{ts} and V_{tb}. Furthermore, additional contributions in loop stemming from new bosons and fermions present in most of the extensions of the SM, suggests the possibility that this process provides a window to new physics.

The theoretical analysis of the decay process B → K^∗γ requires long-distance QCD contributions which cannot be determined perturbatively. It is also not straightforward to calculate the exclusive decays by first principles of QCD, due to complications inherent in nonperturbative QCD. Therefore, one must resort to some phenomenological models to obtain reliable results. The heavy quark effective theory (HQET)^{2)} is expected to be useful in this regard in so far as the b quark is concerned. However the s quark in the final hadron can neither be considered heavy enough to enable the use of HQET nor sufficiently light to permit the exploitation of the chiral perturbation theory in an unambiguous manner. There are several methods available in the literature to study the exclusive B → K^∗γ decay process. Some of them include the QCD sum rule,^{3), 4), 5)} lattice QCD,^{6)} nonrelativistic and relativistic quark models.^{7), 8), 9), 10), 11)} The HQET^{12)} has also been applied to this decay process even though the s-quark mass is certainly not heavy enough, contrary to the requirement of HQET.

In this paper we study the rare radiative decay process B → K^∗γ using the covariant oscillator quark model (COQM).^{13)} One of the most important motives for this model is to describe covariantly the center of mass motion of hadrons, while preserving the considerable success of the non-relativistic quark model regarding the static properties of hadrons. A keystone in COQM for doing this is treating directly the squared masses of hadrons in contrast to the mass itself, as done in conventional approaches. This makes the covariant treatment simple. The COQM has been applied to various problems^{14)} with satisfactory results. Recently Ishida et al.^{15), 16)} have studied the weak decays of heavy hadrons using this model and derived the same relations of weak form factors for heavy-to-heavy transition as done in HQET.^{2)} In addition, our model is also applicable to heavy-to-light transitions. As a consequence, this model does incorporate the features of heavy quark symmetry and can be used to compute the form factors for heavy-to-light transitions as well, which is beyond the scope of HQET. Actually, in previous papers we made analyses of the spectra of exclusive semi-leptonic^{16)} decays of B-mesons and analyses of nonleptonic decays of B mesons^{17)} and of hadronic weak decays of Λ_b baryons^{18)} using this line of reasoning, leading to encouraging results. Keeping this success in mind, we extend its application to weak radiative decays of B mesons.

The paper is organized as follows. In §2 we present the expressions for the decay widths for the weak radiative decays of B mesons. In §3 we present a brief description of the covariant oscillator quark model. Using this model we have evaluated the required form factors. Section 4 contains our results and discussion.

x2. Methodology

The general amplitude of weak radiative decay with one real photon emission is given by

M(B(p) → P^∗(k)γ(q)) = iϵ_{μναβ} η^μ q^ν ϵ^α k^β f_1(q^2) + η^μ [ ϵ_μ(M^2_B − M^2_P ∗ ) − (p + k)_μ(ϵ · q) ] f_2(q^2) , (2.1)

where η and ϵ are the polarization vectors of the photon and the vector meson P^∗, respectively. The first (second) term on the right-hand side of Eq. (2.1) is a parity conserving (violating) term, and because of the real photon we have q^2=0. The decay width implied by this amplitude is given as Γ (B → P^∗γ) = 1 32π ( M^2_B − M^2_P ∗

)_3

M^3_B [ |f_1(0)|^2 + 4|f_2(0)|^2 ] . (2.2)

Now, the exclusive decay B → K^∗γ is expected to be described well by the quark level process b → sγ if the confinement effect is properly taken into account. Accordingly, in the Standard Model, B decays are described by the effective Hamiltonian obtained by integrating out the top quark and W boson fields given as^{19)}

H_{eff} (b → sγ) = − 4G_F √ 2 V_{tb} V^∗_{ts} 8∑ i=1 C_i(μ) O_i(μ) , (2.3)

where the C_i(μ) are the Wilson coefficients, arise from the renormalization group equation to provide the scaling down of the subtraction point appropriate to the problem i.e., μ ≈ m_b. The set {O_i} is a complete set of renormalized, dimension-six operators which govern the b → s transition. They consist of two current operators O_1 and O_2 and four strong penguin operators O_3–O_6, which determine the nonleptonic decays, and the electromagnetic dipole operator O_7 and the chromomagnetic dipole operator O_8, which are responsible for rare B decays, i.e., b → s + γ and b → s + g, respectively. Out of the eight operators O_i, the one that contributes to B → K^∗γ is O_7 = e 32π^2

F_{μν} [m_bs̄ σ^{μν} (1 + γ_5) b + m_ss̄ σ^{μν} (1 − γ_5) b] , (2.4)

where F_{μν} is the electromagnetic field strength tensor. The relevant Wilson coefficient is given by^{19)}

C_7(μ) = [ α_s(M_W ) α_s(m_b)

]_{16}/_{23}{

C_7(M_W ) − 8 3 C_8(M_W ) × [ 1 − ( α_s(m_b) α_s(M_W )

)_2/_{23}] + 232 513 [ 1 − ( α_s(m_b) α_s(M_W )

)_{19}/_{23}]} , (2.5)

with C_7(M_W ) = − x 2 [_2

3 x^2 +^5_{12} x −^7_{12}

(x − 1)^3 − (^3_2 x^2 − x)lnx

(x − 1)^4 ] (2.6) and C_8(M_W ) = − x 4 [_1

2 x^2 −^5_2 x − 1 (x − 1)^3 + 3xlnx (x − 1)^4 ] , (2.7)

where x = m^2_t /M^2_W . From the fact that m_b ≫ m_s, only the term involving m_b in the operator O_7 need be retained. Thus the matrix element of interest becomes ⟨K^∗γ|O_7|B⟩ = ie 16π^2 q_μη_ν m_b ⟨K^∗|s̄ σ^{μν} (1 + γ_5) b|B⟩ , (2.8)

where q_μ is the four momentum of the photon and η_μ is its polarization vector. It should be noted that here the matrix element of a tensor current between hadronic states for which not much information is available is involved. However, in the framework of HQET the associated heavy quark spin symmetry enables one to express the matrix element of the tensor operator in terms of the vector and axial vector form factors that also occur in semileptonic decays and may be estimated in different phenomenological models.

In the static limit of a heavy b quark we may use the equation of motion γ_0b = b to derive the relations^{20)}

⟨K^∗|s̄ i σ_{0i} (1 + γ_5) b|B⟩ = ⟨K^∗|s̄ γ_i (1 − γ_5) b|B⟩ . (2.9)

As a result, the form factors f_1 and f_2 in Eq. (2.1) can be related to the vector and axial vector form factors V and A_1 appearing in the matrix element of the RHS of Eq. (2.9) defined by^{21)} ⟨K^∗(k)|s̄γ_μb|B(p)⟩ = 2i M_B + M_K∗ ϵ_{μναβ} ϵ^ν q^αp^β V (q^2) , (2.10)

⟨K^∗(k)|s̄γ_μγ_5b|B(p)⟩ = (M_B + M_K∗ )ϵ_μ A_1(q^2) − ϵ · q M_B + M_K∗

(p + k)_μ A_2(q^2) −2 ϵ · q q^2 q_μ M_K∗ [A_3(q^2) − A_0(q^2)] , (2.11)

with q = p − k. Here A_3(q^2) is simply an abbreviation for

A_3(q^2) =

M_B + M_K∗ 2M_K∗ A_1(q^2) − M_B − M_K∗ 2M_K∗ A_2(q^2) , (2.12)

and in order to cancel the singularity at q^2 = 0, we must have A_3(q^2 = 0) = A_0(q^2 = 0). Thus with Eqs. (2.1) and (2.8)–(2.12), we obtain the following relations for B → K^∗ transition at q^2 = 0:^{22)}

f_1(0) = G_F √ 2 e 2π^2

C_7(μ) V_{tb}V^∗_{ts} m_b F (0) (2.13) and f_2(0) = 1 2 f_1(0), (2.14)

where F (0) = M_B − M_K∗ 2M_B V (0) +

M_B + M_K∗ 2M_B A_1(0). (2.15)

Substituting the above values of f_1 and f_2 into Eq. (2.2), we obtain the decay width for B → K^∗γ as Γ (B → K^∗γ) = α G^2_F m^2_b 128π^4M^5_B

|V_{ts}V_{tb}|^2 |C_7(μ)|^2(M^2_B − M^2_K∗ )^3 × [ (M_B + M_K∗ )A_1(0) + (M_B − M_K∗ )V (0)

]_2 . (2.16)

Similarly, the decay width for the CKM suppressed FCNC radiative transition b → dγ, which is responsible for B^− → ρ^−γ and B_s → K^∗γ, is obtained from Eq. (2.16) with M_B and M_K∗ replaced by the corresponding initial and final meson masses. The relevant CKM factor in this case is |V_{tb}V_{td}|^2.

Now to evaluate the form factors A_1(0) and V (0), we use the covariant oscillator quark model, which is presented in the next section.

Here it should be noted that the relations (2.13) and (2.14) are also derivable^{15)} directly from Eq. (2.8) in COQM, by using the covariant spin wave functions, that is, the Bargmann-Wigner spinor functions. Accordingly, the expression of F (0) in terms of a space-time wave function (Eq. (3.10) given later) is also derived directly.

x3. Model framework and the hadronic form factors

The general treatment of COQM may be called the “boosted LS-coupling scheme,” and the wave-functions, being tensors in Ũ(4) × O(3, 1)-space, reduce to those in SU(2)_{spin} × O(3)_{orbit}-space in the nonrelativistic quark model in the hadron rest frame. The spinor and space-time portion of the wave functions satisfy separately the respective covariant equations, the Bargmann-Wigner (BW) equation for the former, and the covariant oscillator equation for the latter. The form of the meson wave function has been determined completely through the analysis of mass spectra.

In COQM the meson states are described by bi-local fields Φ^B_A (x_{1μ}, x_{2μ}), where x_{1μ}(x_{2μ}) is the space time coordinate of the constituent quark (antiquark), A = (a, α) (B = (b, β)), describing its flavor and covariant spinor. Here we write only the positive frequency part of the relevant ground state fields:

Φ^B_A (x_{1μ}, x_{2μ}) = e^{iP ·X} U(P )^B_A f_{ab}(x_μ; P ) , (3.1)

where U and f are the covariant spinor and internal space-time wave functions, respectively, satisfying the Bargmann-Wigner and oscillator wave equations. The quantity x_μ (X_μ) is the relative (CM) coordinate, x_μ ≡ x_{1μ} − x_{2μ} (X_μ ≡ m_1x_{1μ} + m_2x_{2μ})/(m_1 + m_2), with m_i the quark masses). The function U is given by

U(P ) = 1 2 √ 2 [(−γ_5P_s(v) + iγ_μV_μ(v))(1 + iv · γ)] , (3.2)

where P_s(V_μ) represents the pseudoscalar (vector) meson field, and v_μ ≡ P_μ/M (P_μ(M) is the four momentum (mass) of the meson). The function U, being represented by the direct product of a quark and antiquark Dirac spinor with the meson velocity, is reduced to the non-relativistic Pauli-spin function in the meson rest frame. The function f is given by

f(x_μ; P ) = β π exp ( − β 2 ( x^2_μ + 2

(x · P )^2 M^2 )) . (3.3)

The value of the parameter β is determined from the mass spectra^{23)} as β_ρ = 0.14, β_K∗ = 0.142, β_B = 0.151 and β_{Bs}= 0.160 (in units of GeV^2 ).

The effective action for weak interactions of mesons with W -bosons is given by

S_W = ∫ d^4x_1d^4x_2⟨Φ̄_{F,P} ′ (x_1, x_2)iγ_μ(1 + γ_5)Φ_{I,P} (x_1, x_2)⟩W_{μ,q}(x_1) , (3.4) where we have denoted the interacting (spectator) quarks as 1 (2) (the KM matrix elements and the coupling constants are omitted). This is obtained from consideration of Lorentz covariance, assuming a quark current with the standard V − A form. In Eq. (3.4), Φ_{I,P} (Φ̄_{F,P} ′ ) denotes the initial (final) meson with definite four momentum P_μ (P^′_μ), and q_μ is the momentum of W -boson. The function Φ̄ is the Pauli-conjugate of Φ defined by Φ̄ ≡ −γ_4Φ^†γ_4, and ⟨ ⟩ represents the trace of Dirac spinor indices. Our relevant effective currents J_μ(X)_P ′_{,P} are obtained^{15)} by identifying the above action with

S_W = ∫ d^4XJ_μ(X)_P ′_{,P} W_μ(X)_q, (3.5)

J_μ = I^{qb}(w) √ MM^′ × [P̄_s(v^′)P_s(v)(v + v^′)_μ +V̄_λ(v^′)P_s(v)(ϵ_{μλαβ} v^′_α v_β − δ_{λμ}(w + 1) − v_λ v^′_μ] , (3.6)

where M(M^′) denotes the physical mass of the initial (final) meson and w = −v · v^′. The quantity I^{qb}(w), the overlapping of the initial and final wave functions, represents the universal form factor function.^{∗)} It describes the confinement effects of quarks, and is given by

I^{qb}(w) = 4ββ^′ β + β^′ 1 √ C(w) exp(−G(w)) ; C(w) = (β − β^′)^2 + 4ββ^′w^2 , (3.7) and G(w) = m^2_n 2C(w) [ (β + β^′) {( M M_s )_2 + ( M^′ M^′_s )_2 − 2 MM^′ M_sM^′_s w }

+2 { β^′ ( M M_s )_2 + β ( M^′ M^′_s )_2}

(w^2 − 1) ] , (3.8)

where M_s(M^′_s) represents the sum of the constituent quark masses of the initial (final) meson, and m_n is the spectator quark mass.

Comparing our effective current (3.6) with Eqs. (2.10) and (2.11), we obtain^{∗∗)} the relations between the invariant form factors V and A_1 with the form factor function I(w) for B → K^∗ transitions as^{16)}

V (0) = A_1(0) = F (0), (3.9)

F (0) =

M_B + M_K∗ 2 √ M_BM_K∗ I^{sb}(w|_q2_{=0}) , (3.10)

and similarly for B^− → ρ^− and B_s → K^∗ transitions with I^{db}(w) replacing I^{sb}(w).

∗) In this paper we apply the pure-confining approximation, neglecting the effect of the onegluon-exchange potential. This approximation is expected to be good for the heavy/light-quark meson systems.

∗∗) Here, note the remark given at the end of §2.

x4. Results and conclusion

To estimate the branching ratios for weak radiative decays of B mesons, we use the following values for various quantities. The quark masses (in GeV) are taken as m_u = m_d = 0.4, m_s = 0.55 and m_b = 5. The particle masses and their lifetimes are taken from Ref. 24). The relevant CKM parameters required for all the processes considered here are taken from Ref. 24) as V_{td} = 0.0085, V_{ts} = 0.0385 and V_{tb} = 0.99925. The renormalized Wilson coefficient C_7(m_b) used in the estimation of branching ratios is taken to be |C_7(m_b)|=0.311477.^{25)} With the above values we first evaluate the form factor F (0) using Eqs. (2.15) and (3.7)–(3.9). Our results for the form factor values given in Table I compare well with the recent calculations within the framework of the relativistic quark model,^{10)} light cone QCD sum rule,^{4)} and hybrid sum rule.^{5)} With the calculated values of the form factors, the branching ratios for different channels are estimated using Eq. (2.16) as well as the mean life values of the appropriate decaying meson, which are given in Table II. The branching ratios Br(B^0 → K^{∗0}γ and Br(B^± → K^{∗±}γ) are found to be in very good agreement with the available data. Here it may be worthwhile to note that the relevant process is relativistic, and the form factor function plays a significant role, such that I = 0.235. Since there are no data as yet available for the branching ratios in the case B → ργ and B_s → K^∗γ, the model predictions must be compared with other theoretical predictions available in the literature. In fact there are few theoretical attempts made so far in this sector. Recently, Singer^{26)} predicted that in the relativistic quark model,

Br(B_s → K^∗γ) = (1.4 ± 0.6) × 10^{−6}, (4.1)

and in the relativistic independent quark model, Barik et al.^{11)} obtained Br(B → ργ) = 1.24 × 10^{−6}, Br(B_s → K^∗γ) = 9.28 × 10^{−7} . (4.2)

Finally, the hadronization ratio R defined as Γ (B → K^∗γ)/Γ (b → sγ), where Γ (b → sγ) = G^2_F α 32π^4

|V_{ts}V_{tb}|^2 |C_7(m_b)|^2 m^5_b , (4.3)

is found to be 0.12, which agrees well with the experimentally observed value R = 0.19 ± 0.09.^{27)}

In view of the consistency of our predictions, obtained with no free parameters, with the large number of theoretical predictions as well as the experimental data, it may be concluded that the framework of COQM provides a suitable scheme to estimate the confined effect of quarks, and so far as the relevant flavor changing neutral current is concerned, the Standard Model is valid.

8 Mohanta, Giri, Khanna, Ishida and Ishida

Table I. Prediction for the rare radiative decay form factor F (0) in comparison with various theoretical predictions.

Decay process Present work Ref. 10) Ref. 4) Ref. 5)

B^± → K^{∗±}γ 0.328 - - -

B^0 → K^{∗0}γ 0.329 0.32 ± 0.03 0.32 ± 0.05 0.308 ± 0.013 ± 0.036 ± 0.006

B^− → ρ^−γ 0.295 0.26 ± 0.03 0.24 ± 0.04 0.27 ± 0.011 ± 0.032

Bs → K^{∗0}γ 0.250 0.23 ± 0.02 0.20 ± 0.04 -

Table II. Prediction for the branching ratios of the exclusive rare decays of B mesons along with their experimental values.

Decay process Br ratio Br ratio This work Expt. 24)

B^0 → K^{∗0}γ 3.96 ×10^{−5} (4.0 ± 1.9) × 10^{−5}

B^± → K^{∗±}γ 4.168 ×10^{−5} (5.7 ± 3.3) × 10^{−5}

B^− → ρ^−γ 1.68 × 10^{−6} -

Bs → K^{∗0}γ 1.158 × 10^{−6} -

Acknowledgements

R. M. would like to thank CSIR, Govt. of India, for a fellowship. A. K. G. and M. P. K. acknowledge financial support from DST, Govt. of India.

References

[1] CLEO Collaboration, R. Ammar et al., Phys. Rev. Lett. 71(1993), 674. [2] N. Isgur and M. B. Wise, Phys. Lett. B232(1990), 113; B237(1990), 527; Nucl. Phys.

B348(1991), 276.

A. F. Falk, H. Georgi, B. Grinstein and M. B. Wise, Nucl. Phys. B343(1991), 1. H. Georgi, Phys. Lett. B240(1990), 447; Nucl. Phys. B348(1991), 293. B. Grinstein, Nucl. Phys. 339(1990), 253.

M. Neubert, Phys. Lett. B264(1991), 455; Phys. Rep. 245(1994), 259. [3] C. A. Dominguez, N. Paver and Riazuddin, Phys. Lett. B214(1988), 459.

P. Colangelo et al., Phys. Lett. B317(1993), 183. [4] A. Ali, V. M. Braun and H. Simma, Z. Phys C63(1994), 437. [5] S. Narison, Phys. Lett. B327(1994), 354.

[6] K. C. Bowler et al, Phys. Rev. Lett. 72(1994), 1398; Phys. Rev. D51(1995), 4955. [7] T. Altomari, Phys. Rev. D37(1988), 677.

P. J. O’Donnell and H. K. K. Tung, Phys. Rev. D44(1991), 741. N. G. Deshpande et al, Z. Phys. C40(1988), 369.

Exclusive Weak Radiative Decays of B Mesons 9

[8] N. G. Deshpande, P. Lo. J. Trampetic, G. Eilam and P. Singer, Phys. Rev. Lett. 59(1987), 183.

[9] B. Bertolini, F. Borzumati and A. Masiero, Phys. Rev. Lett. 59(1987), 180. [10] R. N. Faustov and V. O. Galkin, Phys. Rev. D52(1995), 5131; Mod. Phys. Lett. A7(1992), 2111.

[11] N. Barik, S. Kar and P. C. Dash, Phys. Rev. D57(1998), 405. [12] A. Ali and T. Mannel, Phys. Lett. B264(1991), 447; 274(1992), 526(E).

A. Ali, T. Ohl and T. Mannel, Phys. Lett. B 298, 195 (1993). [13] S. Ishida, Prog. Theo. Phys. 45(1971), 1570, 1905.

R. P. Feynman, M. Kislinger and F. Ravndal, Phys. Rev. D3(1971), 2706. S. Ishida, M. Y. Ishida and M. Oda, Prog. Theo. Phys. 93(1995), 939.

[14] S. Ishida et al., Prog. Theor. Phys. 71(1984), 806.

S. Ishida, K. Yamada and M. Oda, Phys. Rev. D28(1983), 2918. S. Ishida et al, Phys. Rev. D20(1979), 2906. S. Ishida and K. Yamada, Phys. Rev. D35(1987), 265. S. Ishida, A. Morikawa and M. Oda, Prog. Theor. Phys. 99(1998), 257.

[15] M. Oda, M. Y. Ishida and S. Ishida, Nihon Univ. Preprint NUP-A-94-7.

S. Ishida, M. Y. Ishida and M. Oda, Prog. Theor. Phys. 93(1995), 781. [16] M. Ishida, S. Ishida and M. Oda, Prog. Theor. Phys. 98(1997), 159. [17] R. Mohanta, A. K. Giri, M. P. Khanna, M. Y. Ishida, S. Ishida and M. Oda, Prog. Theor.

Phys. 101(1999), No.4.

[18] R. Mohanta, A. K. Giri, M. P. Khanna, M. Y. Ishida, S. Ishida and M. Oda, Prog. Theor.

Phys. 101(1999), No.4.

[19] B. Grinstein, R. Springer and M. B. Wise, Phys. Lett. B202(1988), 138; Nucl. Phys.

B339(1990), 269.

R. Grigjanis, P. J. O’Donnell, M. Sutherland and H. Navelet, Phys. Lett. B237(1990), 252.

G. Cella, G. Curci, G. Ricciardi and A. Vicere, Phys. Lett. B248(1990), 181; Phys. Lett. B325(1994), 227.

M. Misiak, Phys. Lett. B269(1991), 161; Phys Lett. 321(1994), 193; Nucl. Phys. B393(1993), 23.

M. Ciuchini et al., Phys. Lett. B316(1993), 127; Nucl. Phys. B421(1994), 41. [20] N. Isgur and M. B. Wise, Phys. Rev. D42(1998), 2388. [21] M. Wirbel, B. Stech and M. Bauer, Z. Phys. C29(1985), 637. [22] P. J. O’Donnel and H. K. K. Tung, Phys. Rev. D48(1993), 2145. [23] S. Ishida and K. Yamada, Phys. Rev D35(1987), 265.

S. Ishida and M. Oda, Prog. Theor. Phys. 89(1993), 1033. S. Ishida, M. Y. Ishida and K. Yamada, Prog. Theor. Phys. 91(1994), 775.

[24] C. Caso et al., The Euro. Phys. J. C3(1998), 1. [25] G. Burdman et al., Phys. Rev. D52(1995), 6383. [26] P. Singer, Phys. Rev. D49(1994), R7.

[27] T. E. Browder and K. Honscheid, Prog. Part. Nucl. Phys. 35(1995), 81.