arXiv:hep-ph/0306042 v1 5 Jun 2003

Calculations of the Imaginary Part of Gauge Boson’s Wave-function Renormalization Constants and the Modification of hep-ph/0301090

Yong Zhou^a aInstitute of Theoretical Physics, Chinese Academy of Sciences, P.O. Box 2735, Beijing 100080, China (Jun 5, 2003)

We have calculated the imaginary part of W and Z gauge boson’s wave-function renormalization constants (wrc.) in the complex-pole mass renormalization scheme and made atonement for the paper hep-ph/0301090 where the imaginary part of gauge boson’s wrc. has been ignored in the second renormalization scheme in section 4. But the conclusion of this section in hep-ph/0301090 doesn’t change.

11.10.Gh, 12.15.Lk

In the complex-pole mass renormalization scheme [1], the gauge boson’s wave-function renormalization constant (wrc.) shoul be complex number. If the gauge boson’s self-energy function is writen as [2] V, μ V, ν k = −i(g_{μν} − k_μk_ν k^2

)Σ^T_{V V} (k^2) − i k_μk_ν k^2

Σ^L_{V V} (k^2) (1)

then in the complex-pole mass renormalization scheme the form of the gauge boson’s propagator in resonant region should be 1 p^2 − M^2_0 + Σ^T_{V V} (p^2) ∼ 1 m^2 − M^2_0 + Σ^T_{V V} (m^2) + (p^2 − m^2)(1 + Σ^{T ′}_{V V} (m^2)) = (1 + Σ^{T ′}_{V V} (m^2))^{−1} p^2 − m^2 + B (2) with B = (m^2 − M^2_0 + Σ^T_{V V} (m^2))/(1 + Σ^{T ′}_{V V} (m^2)) Thus we obtain the gauge boson’s wrc.

Z = (1 + Σ^{T ′}_{V V} (m^2))^{−1} one − loop → 1 − ∂ ∂p^2 Σ^T_{V V} (m^2) (3)

In figure 1 we show the W gauge boson’s self-energy diagrams which have contribution to the ξ_W -dependent imaginary part of W gauge boson’s wrc..

FIG. 1. W boson’s self-energy diagrams which have contribution to the ξW -dependent imaginary part of W boson’s wrc..

Based on Eq.(1),(3) and the cutting rules [3], we have Im[Z_W ] = − e^2(1 − ξ_W )(ξ^2_W − 2ξ_W − 11)θ[1 − ξ_W ] 96π (4) In figure 2 we show the Z gauge boson’s self-energy diagrams which have contribution to the ξ_W -dependent imaginary part of Z gauge boson’s wrc..

FIG. 2. Z boson’s self-energy diagrams which have contribution to the ξW -dependent imaginary part of Z boson’s wrc..

Based on Eq.(1),(3) and cutting rules, we also have

Im[Z_Z ] = −^1_{96πc2W s2W} e^2(1 − 4c^2_W ξ_W )^{3/2}θ[1 − 4c^2_W ξ_W ]

+^1_{48πc2W} e^2((ξ_W − 1)^2c^4_W − 2(ξ_W − 5)c^2_W + 1) √ (ξ_W − 1)^2c^4_W − 2(ξ_W + 1)c^2_W + 1 θ[1/c_W − √ ξ_W − 1] (5)

Such imaginary part of gauge boson’s wrc. will contribute to the amplitudes of physical processes, e.g. W^− → e_iν̄_i and Z → d_id̄_i. These two processes have been calculated in section 4 of hep-ph/0301090, but the imaginary part of gauge boson’s wrc. has been ignored in the complex-pole mass renormalization scheme. So Eq.(57)-(60) of hepph/0301090 need to be modified. Eq.(58) and (60) should be gotten rid of. Eq.(57) about the imaginary part of the amplitude of W^− → e_iν̄_i in complex-pole mass renormalization scheme should be changed as follows

Im[T^′_1] = A_L e^3(1 − ξ_W )^3θ[1 − ξ_W ] 64 √ 2πs_W + B_L e^3(ξ_W − 1)^3m_{l,i}M_W θ[1 − ξ_W ] 32 √ 2πs_W (M^2_W − m^2_{l,i}) (6) It is also a gauge-dependent quantity. For the process Z → d_id̄_i, Eq.(59) is only the result of the on-shell mass renormalization scheme. In the complex-pole scheme, the right result is

Im[M(Z → d_id̄_i)]_{md,i→0} = A_L[−^1_{576πc3W sW} e^3(1 − 4c^2_W ξ_W )^{3/2}θ[1 − 4c^2_W ξ_W ] +^1_{288πc3W} e^3s_W ((ξ_W − 1)^2c^4_W − 2(ξ_W − 5)c^2_W + 1) × √ (ξ_W − 1)^2c^4_W − 2(ξ_W + 1)c^2_W + 1 θ[1/c_W − √ ξ_W − 1]] +A_R[−^1_{576πc3W sW} e^3(1 − 4c^2_W ξ_W )^{3/2}θ[1 − 4c^2_W ξ_W ] +^1_{288πc3W} e^3s_W ((ξ_W − 1)^2c^4_W − 2(ξ_W − 5)c^2_W + 1) × √ (ξ_W − 1)^2c^4_W − 2(ξ_W + 1)c^2_W + 1 θ[1/c_W − √ ξ_W − 1]]

(7)

where A_L = d̄_iϵ/γ_Ld_i, A_R = d̄_iϵ/γ_Rd_i. It is also gauge-dependent. At one-loop level all of these gauge-dependent terms cannot contribute to the modulus square of the physical amplitude. But we haven’t still known how to cancel out the contributions of these gauge-dependent terms to the modulus square of the physical amplitude at two loop level. It needs to be done in the future.

Thus the conclusion of section 4 of hep-ph/0301090 is still alive. That’s: based on the present knowledge we cannot judge which scheme is the better, on-shell mass renormalization shceme or complex-pole mass renormalization shceme.

Acknowledgments

The author thanks professor Xiao-Yuan Li for the enlightened discussion with him.

[1] A.Sirlin, Phys. Rev. Lett. 67 ,2127(1991);

B.A.Kniehl and A.Sirlin, Phys. Rev. Lett. 81 ,1373(1998); A.Freitas, W.Hollik, W.Walter and G.Weiglein, Phys. Lett. B495 (2000) 338.

[2] A. Denner, Fortschr. Phys. 41 (1993) 307. [3] R.E.Cutkosky, J. Math. Phys. 1 (1960) 429.