arXiv:hep-ph/0605061 v1 5 May 2006

CP-Violation in b → sℓ^+ℓ^− transition Beyond the Standard Model

V. Bashiry^∗ ENGINEERING FACULTY, CYPRUS INTERNATIONAL UNIVERSITY, Via Mersin 10 , Turkey

May 5, 2006

Abstract

In this study the CP-asymmetry in the b → sℓ^+ℓ^− transition was investigated in minimal extension of the Standard Model where C^{ef f}_9 receives an extra weak phase due to the new physics effects. We observed that CP-Violation asymmetry can be measurable in the framework of scenario mentioned above.

∗e-mail: bashiry@newton.physics.metu.edu.tr

1 Introduction

Rare B meson decay induced by the flavor changing neutral current (FCNC)b → s(d) transition provides potentially the most sensitive and precise test for the standard model (SM) in the flavor sector at loop level since such transitions are forbidden in SM at tree level. At the same time, these decays are very sensitive to the new physics beyond the SM.

Experimental investigation of these decays will provide a more precise determination of the elements of the Cabbibo-Kobayashi-Maskawa (CKM) matrix such as ,V_{tb}, V_{ts}, V_{td} and V_{ub} . Moreover , they can provide better insight into understanding the origin of CP-violation. Rare semileptonic decays b → s(d)ℓ^+ℓ^− are more informative for this aim, since these decays are relatively clean compared to pure hadronic decays. Note that the semileptonic b → qℓ^+ℓ^− transition has been extensively studied in numerous works [1]–[18] in the framework of the SM and its various extensions. The matrix elements of the b → sℓ^+ℓ^− transition contain terms describing the virtual effects induced by the tt, cc and uu loops, which are proportional to |V_{tb}V^∗_{ts}|, |V_{cb}V^∗_{cs}| and |V_{ub}V^∗_{us}|, respectively. Using the unitarity condition of the CKM matrix and recalling that one can neglect |V_{ub}V^∗_{us}| in comparison to |V_{tb}V^∗_{ts}| and |V_{cb}V^∗_{cs}|, it is obvious that the matrix element for the b → sℓ^+ℓ^− transition involves only one independent CKM matrix element, namely |V_{tb}V^∗_{ts}|, so the CP-violation in this channel is strongly suppressed in the SM. However, the possibility of CP-violation as the result of new physics effects in b → s transition has been studied in supersymmetry[19]-[20], and in SM with fourth generation[21]. In another study, this has been studied with the addition of CP odd phases to Wilson coefficients[22]. Situation for b → dℓ^+ ℓ^− is totaly different from b → sℓ^+ℓ^− transition. In this case, all CKM matrix elements |V_{td}V^∗_{tb}|, |V_{cd}V^∗_{cb}| and |V_{ud}V^∗_{ub}| are in the same order and for this reason the matrix element of b → dℓ^+ ℓ^− transition contains two different amplitudes with two different CKM elements and therefore it is expected to have a large CP violation. In order to get CP violation not only do we have to have two different amplitudes but also these amplitudes must contain pieces which transform under CP transformation in different ways, i.e. these amplitudes must contain weak and strong phases. It is clear that the weak phase changes its sign under CP transformation but strong phase doesn’t. Let’s briefly recall the situation in b → sℓ^+ℓ^− transition in standard model. In the SM, the Wilson coefficients C_7 and C_{10} are real , while C^{ef f}_9 contains strong and weak phases. The C^{ef f}_9 is usually parameterized in the the following form:

C^{ef f}_9 = ξ_1 + λ_uξ_2 (1) where λ_u = |V_{ub}V^∗_{us}| |V_{tb}V^∗_{ts}| (2) As we have noted, this quantity is very small, therefore, it is usually neglected in calculations and for this reason CP violation in this channel is strongly suppressed. As we mentioned above, the b → s(d)ℓ^+ℓ^− transition is a promising candidate looking for new physics beyond the SM. New physics effects can appear in rare decays when the Wilson coefficients take values different from their SM counterpart or new operator structures in effective Hamiltonian which are absent in the SM.

In the present work, we focus on CP asymmetry in b → sℓ^+ℓ^− transition. This asymmetry is very small in SM; therefore, any deviation of this asymmetry from SM prediction clearly indicates existence of new physics. We should note that the first measurement of the b → sℓ^+ℓ^− decay reported by BELLE [23] is:

B(B → X_sℓ^+ℓ^−) = (6.1 ± 1.4^{+1.4}_{−1.1}) × 10^{−6}. (3)

An experiment recently done by BELLE Collaboration[24] examined the measurement of forward– backward asymmetry and determination of Wilson coefficients in B → K^∗ℓ^+ℓ^− decay. In future, a similar measurement will be done for CP violating asymmetry. Although all Wilson coefficients(C^{ef f}_7 , C^{ef f}_9 and C^{ef f}_{10} ) can take CP odd phases, we will discuss the possibility elsewhere. We will here discuss the situation where C^{ef f}_9 will get a new weak phase. We call this minimal extension of Standard Model since, with this extension, CP asymmetry can appear in b → s transition . As we consider the minimal extension of the SM, we assume that the strong phase is the same as the SM case, because it appears in imaginary part of polarization operator.

This paper is organized as follows: In Section 2 , we present the theoretical framework for the decay width and CP-violation asymmetry. Section 3 encompasses our numerical results and an estimation of the feasibility of measuring the CP violation and conclusion.

2 Theoretical Framework

In this section, we present the theoretical expressions for the decay widths and CP-violation asymmetry. As we mentioned above, we restrict ourselves by considering minimal extension of the SM, more precisely, we extend only C^{ef f}_9 , since in SM only this coefficient has weak and strong phases, i.e. :

C^{new}_9 = ξ_1 + (λ_u + λ_{new} )ξ_2 (4) where λ_u is given by Eq.(2) and λ_{new} is parameterized as: λ_{new} = |λ_{new} | exp(iφ) (5) The explicit expressions of functions ξ_1 and ξ_2 are respectively[25]–[28]:

ξ_1 = 4.128 + 0.138ω(ŝ) + g(m̂_c, ŝ)(3C_1 + C_2 + 3C_3 + C_4 + 3C_5 + C_6) − 1 2 g(m̂_d, ŝ)(C_3 + C_4) − 1 2 g(m̂_b, ŝ)(4C_3 + 4C_4 + 3C_5 + C_6) (6) + 2 9 (3C_3 + C_4 + 3C_5 + C_6) ξ_2 = [g(m̂_c, ŝ) − g(m̂_u, ŝ)](3C_1 + C_2) (7) Where m̂_q = m_q/m_b and ŝ =^{q2}_{m2b} As we know, the rare decays are one of the promising classes of decays for new physics beyond the SM.

The QCD corrected effective Hamiltonian describing b → sℓ^+ℓ^− transitions leads to the matrix element: M = G_F αV_{tb}V^∗_{ts} √ 2π [ C^{new}_9 (sγ_μP_Lb)ℓγ_μℓ + C_{10}(sγ_μP_Lb)ℓγ_μγ^5ℓ −2 C^{ef f}_7 siσ_{μν}^{qν}_{q2} (m_bP_R + m_sP_L)bℓγ_μℓ ], (8) where q denotes the four momentum of the lepton pair. Neglecting the terms of O(m^2_q /m^2_W ), q = u, d, c, the analytic expressions for all Wilson coefficients, except C^{new}_9 , can be found in [5, 25]. The values of C^{ef f}_7 and C_{10} in leading logarithmic approximation are: C^{ef f}_7 = −0.315, C_{10} = −4.642 (9) The function g(m̂_q, ŝ) represents the corrections to the four-quark operators O_1 − O_6 [28] and is defined as: g(m̂_q, ŝ) = − 8 9 ln(m̂_q) + 8 27 + 4 9 y_q − 2 9 (2 + y_q) √ |1 − y_q| { Θ(1 − y_q) × [ ln ( 1 + √ 1 − y_q 1 − √ 1 − y_q ) − iπ ] + Θ(y_q − 1) 2 arctan 1 √ y_q − 1 } , (10)

Even though we neglect long-distance resonance effects in this paper, a more complete analysis of the above decay has to take into account the long-distance contributions, which have their origin in real intermediate cc̄ family, in addition to the short-distance contribution. In the case of the J/ψ family, this is usually accomplished by introducing a Breit-Wigner distribution for the resonances through the replacement [29] g(m̂_c, ŝ) −→ g(m̂_c, ŝ) − 3π α^2 ∑ V =J/ψ,ψ^′ ,... m̂_V Br(V → l^+l^−)Γ̂^V_{total} ŝ − m̂^2_V + im̂_V Γ̂^V_{total}

, (11)

Using the expression of matrix element in equation (8) and neglecting the s-quark mass (m_s) [30]– [31], we obtain the expression for the differential decay rate as [32];

Γ_0 = dΓ dŝ = G_F m^5_b 192π^3 α^2 4π^2

|V_{tb}V^∗_{ts}|^2(1 − ŝ)^2 √ 1 − 4m̂^2_ℓ ŝ △ (12) with △ = 4

(2 + ŝ) ŝ ( 1 + 2m̂^2_ℓ ŝ ) |C^{ef f}_7 |^2 + (1 + 2ŝ) ( 1 + 2m̂^2_ℓ ŝ ) |C^{new}_9 |^2 +(1 − 8m̂^2_ℓ + 2ŝ +

2m̂^2_ℓ ŝ )|C_{10}|^2 + 12(1 +

2m̂^2_ℓ ŝ )Re(C^{new∗}_9 C^{ef f}_7 ). (13) In the unpolarized case, the CP-Violating asymmetry rate can be defined by A_{cp}(ŝ) =

Γ_0 − Γ_0 Γ_0 + Γ_0

(14) where Γ_0 ≡ dΓ dŝ ≡ dΓ(b → sℓ^+ℓ^−) dŝ , Γ_0 ≡ dΓ dŝ ≡ dΓ(b → sℓ^+ℓ^−) dŝ (15) The explicit expression for the unpolarized particle decay rate Γ_0 has been given in (12).

Obviously, it can be written as a product of a real-valued function r(ŝ) times the function Δ(ŝ), given in (13); Γ_0(ŝ) = r(ŝ) Δ(ŝ). Taking the approach in [33], we write the matrix elements for the decay and the anti-particle decay as M = A + λ_{new} B, M = A + λ^∗_{new} B (16) where the CP-violating parameter λ_{new} , entering the Wilson coupling C^{new}_9 , has been defined in Eq. (4). Consequently, the rate for the anti-particle decay is, then, given by Γ̄_0 = Γ_{0|λnew→λ∗new} = r(ŝ)Δ̄(ŝ) ; Δ̄ = Δ_{|λnew→λ∗new} . (17) Using (12) and (17), the CP violating asymmetry is evaluated to be [33] A_{CP} (ŝ) = −2 |λ_{new} | sin(φ)Σ Δ + 2 |λ_{new} | cos(φ)Σ

. (18) Furthermore, we can do the same approximation done for b → dℓ^+ℓ^− [18, 32, 33], if the λ_{new} ∼ 1. So, we can ignore the term proportional to the Σ in the dominator of Eq.(18): A_{CP} (ŝ) ≈ −2 |λ_{new} | sin(φ) Σ Δ . (19) Where Δ is defined by Eq.(13) and Σ is as follows: Σ = Im[ξ^∗_1 ξ_2]f_+(ŝ) + Im(C^{ef f}_7 ξ_2)f_1(ŝ) f_+(ŝ) = (1 + 2ŝ) ( 1 + 2m̂^2_ℓ ŝ )

f_1(ŝ) = 12(1 +

2m̂^2_ℓ ŝ ) (20)

3 Numerical analysis

In this section, we examine the dependence of CP-violating asymmetry on λ_{new} . From the Eq.(14) it follows that CP violating asymmetry depends on both magnitude and phase of λ_{new} . In order to have an idea about magnitude of λ_{new} , we assume that the normalized branching ratio can departure from SM result Eq.(3) by about 10 percent in the presence of the new parameters, i.e, − 0.1 ≤ B^{new}_r − B^{SM}_r B^{SM}_r ≤ 0.1 (21)

Note that, the same approach used in [34]. Solving this equation on |λ_{new} |, we obtain the upper limit for |λ_{new} | ≤ 1.16, so the allowed region for |λ_{new} | is: 0.0 ≤ |λ_{new} | ≤ 1.16 (22) We, here, see that, under the condition mentioned above, |λ_{new} | has to be zero for SM case. The values of input parameters which we use in our numerical analysis are: m_s = 0.15 GeV, m_b = 4.8 GeV, m_μ = 105.7 MeV, C_7 = −0.314, C_{10} = −4.642, α =^1_{129} [35]. Moreover, we use Wolfenstein parametrization [36] for CKM matrix. The current values of the Wolfenstein parameters are A = 0.83 and λ = 0.221 [37]. Besides, we use the following simple expression of ξ_1 and ξ_2 in the NLO approximation [32]

ξ_1 ≃ 4.128 + 0.138 ω(ŝ) + 0.36 g(m̂_c, ŝ), ξ_2 ≃ 0.36 [g(m̂_c, ŝ) − g(m̂_u, ŝ)] . (23)

And the explicit expression of the ω(ŝ) is: ω(ŝ) = − 2 9 π^2 − 4 3 Li_2(ŝ) − 2 3 ln(ŝ) ln(1 − ŝ) −

5 + 4ŝ 3(1 + 2ŝ) ln(1 − ŝ) − 2ŝ(1 + ŝ)(1 − 2ŝ) 3(1 − ŝ)^2(1 + 2ŝ) ln(ŝ) +

5 + 9ŝ − 6ŝ^2 3(1 − ŝ)(1 + 2ŝ)

, (24)

In order to eliminate the ŝ dependence instead of CP asymmetry in differential decay width, we study CP asymmetry in total decay width by doing numerical integration over ŝ in Eq. (19).

A_{CP} = −2 |λ_{new} | sin(φ) ∫_{(1−m}^2_{s/m}^2_{b )}

(4m^2_μ)/m^2_b Σ dŝ

∫_{(1−m}2_{s/m}^2_{b )}

(4m^2_μ)/m^2_b Δdŝ

. (25)

In the figure 1, we present the dependence of CP violating asymmetry on |λ_{new} | and φ , where |λ_{new} | varies in the region presented by Eq.22. The figure depicts that A_{CP} is sensitive to the new weak phase and can reach about %4.5 percent. For nominal asymmetry of %5 and branching ratio of 10^{−6}, a measurement at 3σ level requires about 10^9 B mesons [32, 33]. In view of clear dilepton signal, such a measurement is quite feasible at future colliders like LHCb, BTeV, ATLAS CMS [38] or ILC [39]. For instance, it is expected to be produced 10^{12} B B pairs at LHC. So they will be able to measure b → sℓ^+ℓ^− or exclusive process B → K(K^∗)ℓ^+ℓ^−. Moreover, the existence of this CP asymmetry in b → s transition can be a direct indication of new physics effects since, in SM, this CP asymmetry is near zero [18, 33]. Here a few words about the synergy of LHC and ILC are in order: It is clear that LHC will reach higher energies and can create much more B B pairs than ILC. The ILC, on the other hand, can make precision measurements and can be sensitive to the indirect effects of the new particles which can contribute to the penguin diagrams of b → s transition even if masses are much higher than the energy of the ILC [40].

In conclusion, this study presented the CP-asymmetry in the b → sℓ^+ℓ^− transition in minimal extension of the Standard Model where C^{ef f}_9 received extra weak phase λ_{new} due to the new physics effects. We imposed %10 of uncertainty to the SM branching ratio of b → sℓ^+ℓ^− transition and obtained the bound on new parameter λ_{new} . Our predictive model showed that the CP-Violation asymmetry could reach to the order of %4.5 which was not only entirely measurable in experiments, but also indicated the new physics effects since, in SM, this CP asymmetry is near zero.

4 Acknowledgement

The author thanks TM Aliev and D. Wyler for their helpful discussions.

References

[1] W. -S. Hou, R. S. Willey and A. Soni, Phys. Rev. Lett. 58 (1987) 1608. [2] N. G. Deshpande and J. Trampetic, Phys. Rev. Lett. 60 (1988) 2583. [3] C. S. Lim, T. Morozumi and A. I. Sanda, Phys. Lett. B218 (1989) 343. [4] B. Grinstein, M. J. Savage and M. B. Wise, Nucl. Phys. B319 (1989) 271. [5] M. Misiak,Nucl. Phys. B393 1993 23.

[6] C. Dominguez, N. Paver and Riazuddin, Phys. Lett. B214 (1988) 459. [7] N. G. Deshpande, J. Trampetic and K. Ponose, Phys. Rev. D39 (1989) 1461. [8] W. Jaus and D. Wyler, Phys. Rev. D41 (1990) 3405. [9] P. J. O’Donnell and H. K. Tung, Phys. Rev. D43 (1991) 2067. [10] N. Paver and Riazuddin, Phys. Rev. D45 (1992) 978. [11] A. Ali, T. Mannel and T. Morozumi, Phys. Lett. B273 (1991) 505. [12] A. Ali, G. F. Giudice and T. Mannel, Z. Phys. C67 (1995) 417. [13] C. Greub, A. Ioannissian and D. Wyler, Phys. Lett. B346 (1995) 145;

D. Liu, Phys. Lett. B346 (1995) 355; G. Burdman, Phys. Rev. D52 (1995) 6400;

Y. Okada, Y. Shimizu and M. Tanaka, Phys. Lett. B405 (1997) 297. [14] A. J. Buras and M. Münz, Phys. Rev. D52 (1995) 186.

[15] N. G. Deshpande, X. -G. He and J. Trampetic, Phys. Lett. B367 (1996) 362. [16] T. M. Aliev, M. Savcı, Phys. Lett. B452 (1999) 318;

[17] T. M. Aliev, A. Özpineci, H. Koru and M. Savcı, Phys. Lett. B410 (1997) 216. [18] T. M. Aliev, V. Bashiry, M. Savcı, Eur. Phys. j. C31 (2003) 511;

[19] F. Kruger and E. Lunghi, Phys. Rev. D 63 (2001) 014013. [20] F. Kruger and J. C. Romao, Phys. Rev. D 62 (2000) 034020. [21] A. Arhrib and W. S. Hou, Eur. Phys. J. C 27 (2003) 555.

[22] T. M. Aliev, S. R. Choudhury, A. S. Cornell and N. Gaur, arXiv:hep-ph/0506188. [23] J. Kaneko et. al, BELLE Collaboration, Phys. Rev. Lett. 90 (2003) 021801. [24] A.Ishikawa,et al. hep-ex/0603018 [25] G. Buchalla, A. J. Buras and M. E. Lautenbacher, Rev. Mod. Phys. 68 (1996) 1125-1144 [26] A. J. Buras and M. Münz, Phys. Rev. D52 1995 186. [27] G. Cella, G. Ricciardi and A. Viceré, Phys. Lett. B258 1991 212 [28] M. Misiak,Nucl. Phys. B439 461(E) 1995.

[29] C. S. Lim, T. Morozumi and A. I. Sanda, Phys. Lett. B218 1989 343;

N. G. Deshpande, J. Trampetić and K. Panose, Phys. Rev. D39 1989 1461; P. J. O’Donnell and H. K. K. Tung, ibid 43 1991 R2067; P. J. O’Donnell, M. Sutherland and H. K. K. Tung, ibid 46 1992 4091.

[30] A. Ali, G. Hiller, L. T. Handako, and T. Morozomi,Phys. Rev. D55 (1997)4105. [31] A. F. Falk, M. E. Luke, and M. J. Savage,Phys. Rev. D49 (1994) 3367. [32] K. S. Babu, K. R. S. Balaji, I. Schienbein, Phys. Rev. D68 (2003) 014021. [33] F. Krüger and L. M. Sehgal,Phys. Rev. D55 (1997) 2799-2805. [34] V. Bashiry, Chin. Phys. Lett. 22 (2005) 2201.

[35] K. Hagiwara et al, Particle Data Group , Phys. Rev. D 66, 01000 (2002). [36] L. Wolfenstein, Phys. Rev. Lett. 51, 1945 (1983). [37] Robert Fleischer, hep-ph/0405091 (2004) [38] N. Harnew, The B physics potential of LHCb, BTeV, ATLAS and CMS, 8th International Symposium on Heavy Flavor Physics (Heavy Flavors 8), Southampton, England, 25-29 Jul 1999.

[39] Shrihari Gopalakrishna, B-physics and Linear Collider signatures of light Stop and Sbottom, 2nd ILC Accelerator Workshop, Snowmass, Colorado, August 14-27, 2005.

[40] Rohini M. Godbole, hep-ph/0604230 (2006).

Figure Caption Fig. (1). The dependence of CP asymmetry A_{CP} on new parameter λ_{new} for the b → s μ^+μ^− transition.

Figure 1: