arXiv:hep-ph/0304198 v2 29 Dec 2003

[SUNY BING 4/17/03 v2] hep-ph/0304198

ON THE TOP QUARK’S CHIRAL WEAK-MOMENT Charles A. Nelson^1 Department of Physics, State University of New York at Binghamton Binghamton, N.Y. 13902 Abstract For the observed t → W^+b decay, an intensity-ratio equivalence-theorem for two Lorentzinvariant couplings is shown to be related to symmetries of tWb-transformations. Explicit tWb-transformations, A_+ = M A_{SM} , P A_{SM} , B A_{SM} relate the four standard model’s helicity amplitudes, A_{SM} (λ_W + , λ_b), and the amplitudes A_+ (λ_W + , λ_b) in the case of an additional t_R → b_L weak-moment of relative strength Λ_+ = E_W /2 ∼ 53GeV . Two “commutator plus anti-commutator” symmetry algebras are generated from M, P, B. These transformations enable a simple and uniform characterization of the values of Λ_+, m_W /m_t, and m_b/m_t.

1Electronic address: cnelson @ binghamton.edu

1 Introduction:

In this paper, for the observed t → W^+b decay [1], an intensity-ratio equivalence-theorem [2] for two Lorentz-invariant couplings is shown to be related to symmetries of tWb-transformations, A_+ = M A_{SM} , P A_{SM} , B A_{SM} , where M, P, B are explicit 4x4 matrices. These tWb-transformations relate the standard model’s helicity amplitudes, A_{SM} (λ_W + , λ_b), and the amplitudes A_+ (λ_W + , λ_b) in the case of an additional t_R → b_L weak-moment of relative strength Λ_+ = E_W /2 ∼ 53GeV . Versus the standard model’s pure (V −A) coupling, the additional tensorial coupling can be physically interpreted as arising due to a large chiral weak-transition moment for the top quark. Λ_+ is defined by (1) below and the (+) amplitudes’ complete coupling is (2). E_W is the energy of the final W-boson in the decaying top-quark rest frame. The subscripts R and L respectively denote right and left chirality of the coupling, that is (1 ± γ_5). λ_W + , λ_b are the helicities of the the emitted W-boson and b-quark in the top-quark rest frame. The Jacob-Wick phase-convention [3] is used in specifying the phases of the helicity amplitudes and so of these transformations.

Due to rotational invariance, there are four independent A (λ_W + , λ_b) amplitudes for the most general Lorentz coupling [4,5]. Stage-two spin-correlation functions were derived and studied as a basis for complete measurements of the helicity parameters for t → W^+b decay as tests with respect to the most general Lorentz coupling. Such tests are possible at the Tevatron [1], at the LHC [6], and at a NLC [7]. In this paper, a subset of the most general Lorentz coupling is considered in which the subscript “i” identifies the amplitude’s associated coupling: “i = SM” for the pure (V − A) coupling, “i = (f_M + f_E )” for only the additional t_R → b_L tensorial coupling, and “i = (+)” for (V − A) + (f_M + f_E ) with a top-quark chiral weak-transition moment of relative strength Λ_+ = E_W /2 versus g_L. The Lorentz coupling involving both the SM’s (V − A) coupling and an additional t_R → b_L weak-moment coupling of arbitrary relative strength Λ_+ is W^∗_μ J^μ_{b̄t} = W^∗_μū_b (p) Γ^μu_t (k) where k_t = q_W + p_b, and 1 2 Γ^μ = g_Lγ^μP_L + g_{fM +fE} 2Λ_+ ισ^{μν} (k − p)_ν P_R (1)

where P_{L,R} =^1_2 (1 ∓ γ_5). In g_L = g_{fM +fE} = 1 units, when Λ_+ = E_W /2 which corresponds to the (+) amplitudes, the complete t → b coupling is very simple

γ^μP_L + ισ^{μν} v_ν P_R = P_R (γ^μ + ισ^{μν} v_ν ) (2)

where v_ν is the W-boson’s relativistic four-velocity.

In the t rest frame, the helicity-amplitude matrix element for t → W^+b is ⟨θ^t_1, ϕ^t_1, λ_W + , λ_b|^1_2 , λ_1⟩ = D^{(1/2)∗}_{λ1,μ} (ϕ^t_1, θ^t_1, 0)A_i (λ_W + , λ_b) where μ = λ_W + − λ_b in terms of the W^+ and b-quark helicities. The asterisk denotes complex conjugation, the final W^+ momentum is in the θ^t_1, ϕ^t_1 direction, and λ_1 gives the t-quark’s spin component quantized along the z axis. λ_1 is also the helicity of the t-quark if one has boosted, along the “−z” direction, back to the t rest frame from the (tt̄)_{cm} frame. It is this boost which defines the z axis in the t-quark rest frame for angular analysis [4]. Explicit expressions for the helicity amplitudes associated with each “i” coupling are listed in Sec. 2. We denote by Γ the partial-width for the t → W^+b decay channel and by Γ_{L,T} the partial-width’s for the sub-channels in which the W^+ is respectively longitudinally, transversely polarized; Γ = Γ_L + Γ_T . Similarly, Γ_L|_{λb=−} 1_2 denotes the partial-width for the W-longitudinal sub-channel with b-quark helicity λ_b = −^1_2 .

The intensity-ratio equivalence-theorem states, “As consequence of Lorentz-invariance, for the t → W^+b decay channel each of the four ratios Γ_L|_{λb=−} 1_2 /Γ, Γ_T |_{λb=−} 1_2 /Γ, Γ_L|_{λb=} 1_2 /Γ, Γ_T |_{λb=} 1_2 /Γ, is identical for the pure (V −A) coupling and for the (V −A)+(f_M +f_E ) coupling with Λ_+ = E_W /2, and their respective partial-widths are related by Γ_+ = v^2Γ_{SM} .” v is the velocity of the W-boson in the t-quark rest frame. Note that this theorem does not require specific values of the mass ratios y ≡ m_W /m_t, and x ≡ m_b/m_t, but that the relative strength of the chiral weak-transition moment for the top quark has been fixed versus g_L.

The three tWb-transformations, A_+ = M A_{SM} , P A_{SM} , B A_{SM} , are related to this theorem. The M transformation implies the theorem, but as explained below, M also implies the sign and ratio differences of the (ii) and (iii) type amplitude ratio-relations which distinguish the (SM) and (+) couplings. The P and B transformations more completely exhibit the underlying symmetry relating these two Lorentz-invariant couplings. In particular, these three 4x4 matrices lead to two “commutator plus anti-commutator” symmetry algebras, and together enable a simple and uniform characterization of the values of Λ_+, y ≡ m_W /m_t, and x ≡ m_b/m_t. In Sec. 2, it is shown how these three tWb-transformations successively arise from consideration of different types of “helicity amplitude relations” for t → W^+b decay: The type (i) are ratio-relations which hold separately for the two cases, “i = (SM), (+)”. The type (ii) are ratio-relations which relate the amplitudes in the two cases. By the type (iii) ratio-relations, the tWb-transformation A_+ = M A_{SM} where M = v diag(1, −1, −1, 1) characterizes the mass scale Λ_+ = E_W /2. Similarly, the amplitude condition (iv) A_+(0, −1/2) = aA_{SM} (−1, −1/2), (3) with a = 1 + O(v ≠ y √ 2, x), determines the scale of the tWb-transformation matrix P and determines the value of the mass ratio y ≡ m_W /m_t. O(v ≠ y √ 2, x) denotes small corrections, see below. The amplitude condition (v)

A_+(0, −1/2) = −bA_{SM} (1 − 1/2), (4)

with b = v^{−8}, determines the scale of B and determines the value of x = m_b/m_t. In Sec. 3, two

symmetry algebras are obtained which involve the M, P , and B transformation matrices. Sec. 4

contains some remarks.

2 Helicity amplitude relations:

In the Jacob-Wick phase convention, the helicity amplitudes for the most general Lorentz cou-

pling are given in [4]. In g_L = g_{fM +fE} = 1 units and suppressing a common overall factor of √ m_t (E_b + q_W ), for only the (V − A) coupling the associated helicity amplitudes are:

A_{SM} ( 0, − 1 2 ) = 1 y E_W + q_W m_t A_{SM} ( −1, − 1 2 ) = √ 2 A_{SM} ( 0, 1 2 ) = − 1 y E_W − q_W m_t ( m_b m_t − E_W + q_W )

A_{SM} ( 1, 1 2 ) = − √ 2 ( m_b m_t − E_W + q_W )

For only the (f_M + f_E ) coupling, i.e. only the additional t_R → b_L tensorial coupling:

A_{fM +fE} ( 0, − 1 2 ) = −( m_t 2Λ_+ ) y A_{fM +fE} ( −1, − 1 2 ) = −( m_t 2Λ_+ ) √ 2 E_W + q_W m_t A_{fM +fE} ( 0, 1 2 ) = ( m_t 2Λ_+ )y ( m_b m_t − E_W + q_W )

A_{fM +fE} ( 1, 1 2 ) = ( m_t 2Λ_+ ) √ 2 E_W − q_W m_t ( m_b m_t − E_W + q_W )

From these, the amplitudes for the (V − A) + (f_M + f_E ) coupling of (1) are obtained by

A_+(λ_W , λ_b) = A_{SM} (λ_W , λ_b) + A_{fM +fE} (λ_W , λ_b). For Λ_+ = E_W /2, the A_+(λ_W , λ_b) amplitudes [8]

corresponding to the complete t → b coupling (2) are

A_+ ( 0, − 1 2 ) = 1 y (q/E_W ) E_W + q_W m_t A_+ ( −1, − 1 2 ) = − √ 2 (q/E_W )

A_+ ( 0, 1 2 ) = 1 y (q/E_W ) E_W − q_W m_t ( m_b m_t − E_W + q_W )

A_+ ( 1, 1 2 ) = − √ 2 (q/E_W ) ( m_b m_t − E_W + q_W )

We now analyze the different types of helicity amplitude relations involving both the SM’s

amplitudes and those in the case of the (V − A) + (f_M + f_E ) coupling: The first type of ratio-

relations holds separately for i = (SM), (+) and for all y =^{mW}_{mt} , x =^{mb}_{mt} , Λ_+ values, (i):

A_i(0, 1/2) A_i(−1, −1/2) = 1 2 A_i(1, 1/2) A_i(0, −1/2) (5)

The second type of ratio-relations relates the amplitudes in the two cases and also holds for

all y, x, Λ_+ values. The first two relations have numerators with opposite signs and denominators

with opposite signs, c.f. Table 1; (ii): Two sign-flip relations

A_+(0, 1/2) A_+(−1, −1/2) = A_{SM} (0, 1/2) A_{SM} (−1, −1/2) (6) A_+(0, 1/2) A_+(−1, −1/2) = 1 2 A_{SM} (1, 1/2) A_{SM} (0, −1/2) (7) and two non-sign-flip relations

A_+(1, 1/2) A_+(0, −1/2) = A_{SM} (1, 1/2) A_{SM} (0, −1/2) (8) A_+(1, 1/2) A_+(0, −1/2) = 2 A_{SM} (0, 1/2) A_{SM} (−1, −1/2) (9)

Eqs(7,9), which are not in [2], are essential for obtaining the P and B tWb-transformations and thereby the symmetry algebras of Sec. 3 below.

The third type of ratio-relations, holding for all y, x values, follows by determining the effective mass scale, Λ_+, so that there is an exact equality for the ratio of left-handed amplitudes (iii): A_+(0, −1/2) A_+(−1, −1/2) = − A_{SM} (0, −1/2) A_{SM} (−1, −1/2) , (10)

Equivalently, Λ_+ =^{mt}_4 [1 + (m_W /m_t)^2 − (m_b/m_t)^2] = E_W /2 follows from each of: A_+(0, −1/2) A_+(−1, −1/2) = − 1 2 A_{SM} (1, 1/2) A_{SM} (0, 1/2)

, (11) A_+(0, 1/2) A_+(1, 1/2) = − A_{SM} (0, 1/2) A_{SM} (1, 1/2)

, (12) A_+(0, 1/2) A_+(1, 1/2) = − 1 2 A_{SM} (−1, −1/2) A_{SM} (0, −1/2) , (13) From the amplitude expressions given above, the value of this scale Λ_+ can be characterized by postulating the existence of a tWb-transformation A_+ = M A_{SM} where M = v diag(1, −1, −1, 1), with A_{SM} = [A_{SM} (0, −1/2), A_{SM} (−1, −1/2), A_{SM} (0, 1/2), A_{SM} (1, 1/2)] and analogously for A_+.

Assuming (iii), the fourth type of relation is the equality (iv):

A_+(0, −1/2) = aA_{SM} (−1, −1/2), (14)

where a = 1 + O(v ≠ y √ 2, x). This is equivalent to the velocity formula v = ay √ 2 (_1 1−(E_b−q_W )/m_t ) = ay √ 2 for m_b = 0. In [2], for a = 1 it was shown that (iv) leads to a mass relation with the solution y =^{mW}_{mt} = 0.46006 (x = 0). The present empirical value is y = 0.461 ± 0.014, where the error is dominated by the 3% precision of m_t. In [2], for a = 1 it was also shown that (iv) leads to √ 2 = vγ(1 + v) = v

√_{1+v} 1−v so v = 0.6506 . . . without input of a specific value for m_b. However, by Lorentz invariance v must depend on m_b. Accepting (iii), we interpret this to mean that a ≠ 1 and in the Appendix obtain the form of the O(v ≠ y √ 2, x) corrections in a as required by Lorentz invariance. The small correction O(v ≠ y √ 2, x) depends on both x ≡ m_b/m_t and the difference v − y √ 2. Equivalently, by use of (i)-(iii) relations, (14) can be expressed postulating the existence of a second tWb-transformation A_+ = P A_{SM} where

P ≡ v

0 a/v 0 0 −v/a 0 0 0 0 0 0 −v/2a 0 0 2a/v 0

(15)

The value of the parameter a of (iv) is not fixed by (15).

The above two tWb-transformations do not relate the λ_b = −^1_2 amplitudes with the λ_b =^1_2 amplitudes. From (i) thru (iv), in terms of a parameter b, the equality (v):

A_+(0, −1/2) = −bA_{SM} (1, 1/2), (16)

is equivalent to A_+ = B A_{SM}

B ≡

0 0 0 −b 0 0 2b 0 0 v^2/2b 0 0 −v^2/b 0 0 0

(17)

The choice of b = v^{−8} = 31.152, gives

B ≡ v

0 0 0 −v^{−9} 0 0 2v^{−9} 0 0 v^9/2 0 0 −v^9 0 0 0

(18)

and corresponds to the mass relation m_b =^{mt}_b [ 1 −^{vy√}_2 ] = 4.407...GeV for m_t = 174.3GeV .

3 Commutator plus anti-commutator symmetry algebras:

The anti-commuting matrices

m ≡ 1 0 0 −1 , p ≡ 0 −a/v v/a 0 , q ≡ 0 a/v v/a 0 (19)

satisfy [m, p] = −2q, [m, q] = −2p, [p, q] = −2m. Similarly, m and

r ≡ 0 −v/2a 2a/v 0 , s ≡ 0 v/2a 2a/v 0 (20)

are anti-commuting and satisfy [m, r] = −2s, [m, s] = −2r, [r, s] = −2m. Note m^2 = q^2 = s^2 = 1, p^2 = r^2 = −1, and that a is arbitrary. Consequently, if one does not distinguish the (+) versus SM indices, respectively of the rows and columns, the tWb-transformation matrices have some simple properties:

The anticommuting 4x4 matrices

M ≡ v m 0 0 −m , P ≡ v −p 0 0 r , Q ≡ v q 0 0 s (21) satisfy the closed algebra [M, P ] = 2Q, [M, Q] = 2P , [P , Q] = 2M. The bar denotes removal of the overall “v” factor, M = vM, .... Note that Q is not a tWb-transformation.

Including the B matrix with b arbitrary, the algebra closes with 3 additional matrices

B ≡ 0 d f 0 , C ≡ 0 e g 0 (22)

G ≡ 0 h k 0 , H ≡ 0 j l 0 (23)

where

d ≡ 0 −b/v 2b/v 0 , e ≡ 0 b/v 2b/v 0 , f ≡ 0 v/2b −v/b 0 , g ≡ 0 v/2b v/b 0 (24)

h ≡ −2ab/v^2 0 0 b/a , j ≡ 2ab/v^2 0 0 b/a , k ≡ 1/2v^2ab 0 0 −a/b , l ≡ 1/2v^2ab 0 0 a/b (25) The squares of the 2x2 matrices (24-25) do depend on a, b, and v.

The associated closed algebra is: [M, B] = 0, {M, B} = −2C; [B, C] = 0, {B, C} = −2M; [M, C] = 0, {M , C} = −2B; and [P , B] = 2H, {P , B} = 0; [H, P ] = 2B, {H, P } = 0; [H, B] = 2P , {H, B} = 0 . Similarly, [P , C] = 0, {P , C} = −2G; [M, H] = −2G, {M, H} = 0; [H, C] = 0, {H, C} = 2Q; and [M, G] = −2H, {M, G} = 0; [P , G] = 0, {P , G} = 2C; [G, B] = −2Q, {G, B} = 0; and [G, C] = 0, {G, C} = −2P ; [G, H] = 2M , {G, H} = 0. The part involving Q is [G, Q] = 2B, {G, Q} = 0; [B, Q] = 2G, {B, Q} = 0; [C, Q] = 0, {C, Q} = −2H; [H, Q] = 0, {H, Q} = 2C.

This has generated an additional tWb-transformation G ≡ vG; but C ≡ vC and H ≡ vH are not tWb-transformations.

Up to the insertion of an overall ι = √ −1, each of these 4x4 barred matrices is a resolution of unity, i.e. P^{−1} = −P , G^{−1} = −G, but Q^{−1} = Q, B^{−1} = B, ... .

4 Remarks:

(1) Summary: The elements of the three logically-successive tWb-transformations are constrained by the helicity amplitude ratio-relations (i) and (ii). Thereby, the type (iii) ratio-relation fixes Λ_+ = E_W /2 and the overall scale of the tWb-transformation matrix M. The amplitude condition (iv), A_+(0, −1/2) = aA_{SM} (−1, −1/2) with a = 1 + O(v ≠ y √ 2, x), and the amplitude condition (v), A_+(0, −1/2) = −bA_{SM} (1 − 1/2) with b = v^{−8}, determine respectively the scale of the tWb-transformation matrices P and B and characterize the values of m_W /m_t and m_b/m_t. The overall scale can be set here by m_t or m_W . From an empirical “bottom-up” perspective of further “unification”, m_W is more appropriate to use to set the scale since its value is fixed in the SM. (2) Symmetries and Second Class Currents: The additional t_R → b_L weak-moment coupling violates the conventional gauge invariance transformations of the SM and traditionally in electroweak studies such anomalous couplings have been best considered as “induced” or “effective”. Nevertheless, in special “new physics” circumstances such a simple tensorial coupling as (2) might turn out to be fundamental. The “tensorial coupling” is of course a fundamental structure if considered from gravitation viewpoints. However, are the new symmetries associated with the symmetry algebras of Sec. 3 sufficient to overcome the known difficulties [9] in constructing a renormalizable, unitary quantum field theory involving second class currents [10] ? The f_E component is second class. f_E has a distinctively different reality structure, and time-reversal invariance property versus the first class V, A, f_M [11].

(3) Form-factor Investigations: With respect to an “induced” or “effective” t_R → b_L tensorial coupling, the physics issue becomes one of investigating and excluding specific sources for producing such an additional weak-moment. One of the better motivated and more developed extensions of the SM is based on supersymmetry. The fundamental source of SUSY breaking and its details remains an important open problem, and the phenomenology associated with the SUSY spectra particles is largely unknown. Nevertheless, in the present context, SUSY provides a more general and useful off-shell theoretical framework in which to consider these theoretical patterns of the helicity amplitudes for t → W^+b decay. Form factor effects naturally occur. In particular it might be possible to generate an additional effective t_R → b_L weak-moment coupling of relative strength Λ_+ = E_W /2. For what domains, if any, of parameters in R-violating SUSY models would this be possible? Does there exist dynamically salient phenomena and/or persistent features besides the (i)-(v) relations occurring in those parameter domains? In the case of the MSSM, a recent analysis through the one-loop level of SUSY QCD and SUSY electroweak corrections to

Γ_L

Γ ,^{ΓT}_Γ , and to the partial width Γ shows that this is not possible [12]. However, the more general case of R-violating SUSY models remains to be investigated.

(4) Experimental Tests/Measurements: In on-going [1] and forth-coming [5,6] top-quark decay experiments, important information about the relationship of the tWb-transformation symmetry patterns of this paper to the observed top quark decays will come from:

(a) Measurement of the sign of the η_L ≡^1_Γ |A(−1, −^1_2 )||A(0, −^1_2 )| cos β_L = ±0.46(SM/+) helicity parameter [3] so as to determine the sign of cosβ_L where β_L = ϕ^L_{−1} − ϕ^L_0 is the relative phase of the two λ_b = −^1_2 amplitudes, A(λ_W + , λ_b) = |A| exp(iϕ^{L,R}_{λW +} ).

(b) Measurement of the closely associated η_L^′ ≡^1_Γ |A(−1, −^1_2)||A(0, −^1_2 )| sin β_L helicity parameter. This would provide useful complementary information, since in the absence of T_{F S} -violation, η_L^′ = 0 [3].

(c) Measurement of the partial width for t → W^+b such as in single-top production [13-15]. The v^2 factor which differs their associated partial widths corresponds to the SM’s Γ_{SM} = 1.55GeV , versus Γ_+ = 0.66GeV and a longer-lived (+) top-quark if this mode is dominant.

Acknowledgments:

We thank experimental and theoretical physicists for discussions. This work was partially supported by U.S. Dept. of Energy Contract No. DE-FG 02-86ER40291.

Appendix: The O(v ≠ y √ 2, x) corrections in a In this appendix is listed the form of the O(v ≠ y √ 2, x) corrections in a as required by Lorentz invariance:

For a = 1 + ε(x, y), the (iv) relation is v = (1 + ε)y √ 2m_t/(E_W + q) whereas from relativistic kinematics v = q/E_W = [(1 − y^2 − x^2)^2 − 4y^2x^2]^{1/2}/[1 + y^2 − x^2] . By equating these expressions and expanding in x, one obtains ε = R + x^2S where R = 1 − 4y^2 − 3y^4 − 2y^6 4y^2(1 + y^2)^2 S = −1 − 4y^2 + y^4 2y^2(1 + y^2)^3 and v = y √ 2 [ 1 + R + x^2(S +^{1+R}_{1−y2} ) + O(x^4) ] . From the latter equation, R = (v − y √ 2)/y √ 2 + O(x^2).

For a massless b-quark ( x = 0 ) and a = 1 , the (iv) relation is equivalent to the^{mW}_{mt} mass relation y^3 √ 2 +y^2 +y √ 2−1 = 0, and by relativistic kinematics to the W-boson velocity condition v^3 + v^2 + 2v − 2 = 0 and the simple formula v = y √ 2.

References

[1] CDF collaboration, T. Affolder, et.al., Phys.Rev.Lett. 84, 216(2000); DØ collaboration, B.

Abbott, et.al., Phys.Rev.Lett. 85, 256(2000).

[2] C.A. Nelson, in “Physics at Extreme Energies,” eds. Nguyen van Hieu and Jean Tran Thanh Van, The Gioi Publishers, Vietnam 2001, p. 369; Phys. Rev. D65, 074033 (2002).

[3] M. Jacob and G. Wick, Ann. Phys. (N.Y.)7, 209(1959).

[4] C.A. Nelson, B.T. Kress, M. Lopes, and T.P. McCauley, Phys. Rev. D56, 5928(1997); D57, 5923(1998); C.A. Nelson and A.M. Cohen, Euro. Phys. J. C 17, 399(2000); C.A. Nelson and L.J. Adler, Euro. Phys. J. C 19, 323(2001).

[5] C.A. Nelson, Euro. Phys. J. C 19, 323(2001).

[6] ATLAS Technical Proposal, CERN/LHCC/94-43, LHCC/P2 (1994); CMS Technical Design Report, CERN-LHCC- 97-32; CMS-TDR-3 (1997).

[7] Pro. of APS/DPF/DPB Summer Study, Snowmass-2001-E3020, eConf C010630; Tesla Tech.

Design Report, DESY 2001-011, http://tesla.desy.de/ ; Japanese Linear Collider Group, JLC-I, KEK-Report 92-16(1992); Linear Collider Physics Resource Book, American Linear Collider Working Group, SLAC-R-570, http://www.slac.stanford.edu/grp/th/LCBook/.

[8] For the three “i” couplings, a direct derivation shows how the different factors arise in the amplitudes, N.H. Kim, Thesis, SUNY at Binghamton (2003).

[9] P. Langacker, Phys. Rev. D14, 2340(1976); D15, 2386(1977). [10] S. Weinberg, Phys. Rev. 112,1375(1958).

[11] N. Cabbibo, Phys. Rev. Lett. 12, 137(1964); c.f. C.A. Nelson, Phys. Lett. B355, 561(1995). [12] J. Cao, R.J. Oakes, F. Wang and J.M. Yang, hep-ph/0306278.

[13] S. Willenbrock and D. A. Dicus, Phys. Rev. D34, 155(1986); C.-P. Yuan, ibid.D41, 42 (1990); R.K. Ellis and S. Parke, ibid.D46, 3785(1992); G. Bordes and B. van Eijk, Z. Phys. C57, 81(1993); and T. Stelzer, Z. Sullivan, and S. Willenbrock, Phys. Rev. D56, 5919(1997).

[14] E. Boos, L. Dudko and T. Ohl, Eur. Phys. J. C11, 473(1999); T.M.P. Tait and C.-P. Yuan, Phys. Rev. D63, 014018(2000); A.Belyaev and E. Boos, Phys. Rev. D63 034012(2001); E. Boos, M. Dubinin, M. Sachwitz, and H.J. Schreiber, Eur. Phys. J.C21, 81(2001); and N. Kauer and D. Zeppenfeld, hep-ph/0107181.

[15] F. del Aguila and J.A. Aguilar-Saavedra, Phys. Rev. D67, 014009(2003); D. Espriu and J.

Manzano, Phys. Rev. D65, 073005(2002); D66, 114009(2002).

Table Captions

Table 1: Numerical values of the helicity amplitudes for the standard model (V − A) coupling and for the (+) coupling of Eq.(2). The latter consists of an additional t_R → b_L weak-moment of relative strength Λ_+ ∼ 53GeV so as yield a relative-sign change in the λ_b = −^1_2 amplitudes. The values are listed first in g_L = g_{fM +fE} = 1 units, and second as A_{new} = A_{gL=1}/ √ Γ. Table entries are for m_t = 175GeV, m_W = 80.35GeV, m_b = 4.5GeV .

Table 1: Helicity amplitudes at ambiguous moduli points A(0, −^1_2 ) A(−1, −^1_2 ) A(0,^1_2 ) A(1,^1_2 ) A_{gL=1} in g_L = 1 units V − A 338 220 −2.33 −7.16 f_M + f_E 220 −143 1.52 −4.67 A_{New} = A_{gL=1}/ √ Γ V − A 0.84 0.54 −0.0058 −0.018 f_M + f_E 0.84 −0.54 0.0058 −0.018