arXiv:1106.3200v3 [hep-ph] 1 Jul 2012

TUM-HEP-810/11

A simple relation for B_s-mixing

Alexander J. Lenz^{∗,1}

1 Physik Department, Technische Universität München, D-85748 Garching, Germany

Abstract

We reinvestigate a simple relation between the semileptonic CP asymmetry a^s_l, the decay rate difference ΔΓ_s, the mass difference ΔM_s and S_{ψϕ} extracted from the angular analysis of the decay B_s → ψϕ, which is regularly used in the literature. We find that this relation is not suited to eliminate the theory prediction for Γ_{12}, it can, however be used to determine the size of the penguin contributions to the decay B_s → ψϕ. Moreover we comment on the current precision of the theory prediction for Γ_{12}.

∗Alexander.Lenz@ph.tum.de

1 Introduction

Currently we have some hints for deviations of experiments from standard model predictions at the three sigma level both in the B_d- and the B_s-mixing system [1, 2, 3, 4, 5, 6]. In the B_s-system some of the central values differ largely from the corresponding standard model values - here LHCb will clearly tell us till the end of 2011 whether these large deviations are realized in nature. In view of the expected precision of the coming data, it is mandatory to try to achieve the same precision in the theory predictions. In this paper we revisit a simple relation between four mixing observables and show that this relation can be badly violated, due to neglecting some small quantities.

After reviewing the mixing formalism in Section 2.1, we show how new physics affects different phases arising in the mixing of neutral B-mesons. In Section 2.3 we derive the relation and we test it in the following section. In Section 3 we discuss the accuracy of the theory prediction for Γ_{12}. Finally we conclude in Section 4.

2 The Relation

2.1 Mixing formalism

Mixing of neutral B mesons is described by the off-diagonal elements M^q_{12} and Γ^q_{12} of the mass and decay rate matrix. The following mixing observables are determined in experiments: the mass difference

ΔM_q := M^q_H − M^q_L = 2|M^q_{12}| ( 1 − 1 8 |Γ^q_{12}|^2 |M^q_{12}|^2 sin^2 ϕ_q + ... ) , (2.1)

the decay width difference

ΔΓ_q := Γ^q_L − Γ^q_H = 2|Γ^q_{12}| cos ϕ_q ( 1 + 1 8 |Γ^q_{12}|^2 |M^q_{12}|^2 sin^2 ϕ_q + ... ) (2.2)

and the flavour specific asymmetry (defined e.g. in [7])

a^q_{fs} = Im

Γ^q_{12} M^q_{12} +O ( Γ^q_{12} M^q_{12}

)_2 = |Γ_{12}| |M_{12}| sin (ϕ_q) +O ( Γ^q_{12} M^q_{12}

)_2 , (2.3)

where ϕ_q = arg(−M^q_{12}/Γ^q_{12}). A typical example of a flavor-specific decay is a semileptonic decay, therefore this asymmetry is also called semileptonic CP-asymmetry, a^q_{sl} = a^q_{fs}. In the standard model Γ^q_{12}/M^q_{12} is of the order of 5 · 10^{−3}, so one can safely neglect (Γ^q_{12}/M^q_{12})^2. The standard model values of these quantities were recently updated in [8] using the NLO-QCD calculations from [9, 7].

ΔM^{SM}_s = (17.3 ± 2.6) ps^{−1}, ΔM^{SM}_d = (0.54 ± 0.09) ps^{−1}, (2.4) ΔΓ^{SM}_s

Γ_s

= 0.137 ± 0.027,

ΔΓ^{SM}_d Γ_d

= (4.2 ± 0.8) · 10^{−3}, (2.5) a^{s,SM}_{fs} = (1.9 ± 0.3) · 10^{−5}, a^{d,SM}_{fs} = − (4.1 ± 0.6) · 10^{−4}, (2.6) ϕ^{SM}_s = 0.22^∘ ± 0.06^∘, ϕ^{SM}_d = −4.3^∘ ± 1.4^∘, (2.7) A^{b,SM}_{sl} = 0.506a^{d,SM}_{sl} + 0.494a^{s,SM}_{sl} = (−2.0 ± 0.3) · 10^{−4}, (2.8) a^{s,SM}_{sl} − a^{d,SM}_{sl} = (4.3 ± 0.7) · 10^{−4}. (2.9) All these values were obtained with the input parameters taken from [3].

2.2 New Physics contributions to mixing

In the general case of new physics being present in B-mixing we can write model-indepently M^q_{12} = M^{q,SM}_{12} · Δ_q = M^{q,SM}_{12} · |Δ_q|e^{iϕΔq} , (2.10) Γ^q_{12} = Γ^{q,SM}_{12} · Δ̃_q = Γ^{q,SM}_{12} · |Δ̃_q|e^{−iϕ̃Δq} , Δ̃_q ≈ 1 . (2.11) Then the mixing phase can be decomposed as ϕ_q = ϕ^{SM}_q + ϕ^Δ_q + ϕ̃^Δ_q . (2.12) The standard model part ϕ^{SM}_q is tiny in the case of B_s mesons (Eq. (2.7)), the new physics contribution to M^q_{12} is denoted by ϕ^Δ_q and the hypothetical new physics contribution to Γ^q_{12}, which is strongly constrained by different well-measured observables is denoted by ϕ̃^Δ_q . Because of these contraints we will neglect new physics contributions to Γ^q_{12} in the following.^1 A related quantity arises in the angular analysis of the decay B_s → ψϕ, which is sometimes confused with ϕ_s [10]. 2β_s := −arg[(V_{tb}V^∗_{ts})^2/(V_{cb}V^∗_{cs})^2] is the phase which appears in b → cc̄s decays of neutral B-mesons taking possible mixing into account, so e.g. in the case B_s → ψϕ. (V_{tb}V^∗_{ts})^2 comes from the mixing (due to M_{12}) and (V_{cb}V^∗_{cs})^2 comes from the ratio of b → cc̄s and b̄ → c̄cs̄ amplitudes. Sometimes β_s is approximated (using the PDG convention for the CKM elements!) as 2β_s ≈ −arg[(V_{tb}V^∗_{ts})^2] ≈ −arg[(V^∗_{ts})^2] - the error due to this approximation is on the per mille level. The standard model value for this angle reads [3] 2β_s = (2.1 ± 0.1)^∘ . (2.13) As mentioned above ϕ_s := arg[−M_{12}/Γ_{12}] is the phase that appears e.g. in a^s_{fs}. In M_{12} we have again the CKM elements (V_{tb}V^∗_{ts})^2, while we have a linear combination of (V_{cb}V^∗_{cs})^2, V_{cb}V^∗_{cs}V_{ub}V^∗_{us} and (V_{ub}V^∗_{us})^2 in Γ_{12}. Neglecting the latter two contributions - which is not

1Taking a non-negligible value of ϕ̃^Δ_q into account, will only strengthen our arguments.

justified - would yield the phase 2β_s. Numerically ϕ^{SM}_s is one order of magnitude smaller than 2β_s. New physics contributions to mixing, i.e. to M^s_{12} alters β_s as

− 2β_s → ϕ^Δ_s − 2β_s . (2.14)

Taking into account possible penguin contributions both in the standard model and beyond one gets − 2β_s + δ^{peng,SM} s → ϕ^Δ_s − 2β_s + δ^{peng,SM}_s + δ^{peng,NP}_s . (2.15)

The penguin contributions are typically expected not to be huge, but they might easily be of the same size as −2β_s [11]. An interesting exception of the decomposition in Eq.(2.15) is given by the standard model with four generations. In this particular model a sizeable deviation of −2β_s from its standard model value is possible, see e.g. [12, 13] for some bounds on the CKM-elements in this model.

Sometimes in the literature (e.g. [14, 15, 17]) the following quantity is used

S_{ψϕ} = sin ( −ϕ^Δ_s + 2β_s − δ^{peng,SM}_s − δ^{peng,NP}_s ) . (2.16)

A model independent fit [3] for new physics in B-mixing, gives the following currently allowed range [8] S_{ψϕ} = 0.78^{+0.12}_{−0.19} , (2.17)

which has to be compared with the SM value

S_{ψϕ} = 0.036 ± 0.002 . (2.18)

Penguin contributions have been neglected in Eq.(2.17) and Eq.(2.18). In the literature it is sometimes argued, that if the new physics contribution is sizeable, then we can approximate

ϕ^{SM}_s + ϕ^Δ_s + ϕ̃^Δ_s ≈ ϕ^Δ_s , (2.19)

ϕ^Δ_s − 2β_s + δ^{peng,SM}_s + δ^{peng,NP}_s ≈ ϕ^Δ_s , (2.20)

since the standard model phases and the possible penguin contributions are very small.

2.3 Deriving the relation

This approximation (Eq.(2.19) and Eq.(2.20)) was used e.g. in [14, 15, 16, 17] to derive a simple model independent relation between observables in the mixing system. a^s_l = | | | | Γ^s_{12} M^s_{12} | | | | sin ( ϕ^{SM}_s + ϕ^Δ_s )

= 2|Γ^s_{12}| cos ( ϕ^{SM}_s + ϕ^Δ_s ) 2|M^s_{12}| tan ( ϕ^{SM}_s + ϕ^Δ_s )

= − ΔΓ_s ΔM_s S_{ψϕ} √ 1 − S^2_{ψϕ} · δ , (2.21) with the correction factor δ δ ( β^{SM}_s , ϕ^{SM}_s , δ^{peng,SM} s + δ^{peng,NP} s , ϕ^Δ_s ) = tan ( ϕ^{SM}_s + ϕ^Δ_s ) tan ( −2β^{SM}_s + ϕ^Δ_s + δ^{peng,SM}s + δ^{peng,NP}s

) .(2.22)

Since recent fits [3, 4] of the new physics contribution to the B_s mixing phase give relatively large values

ϕ^Δ_s = ( −52^{+32}_{−25} )_∘ at 95 % C.L. [3], (2.23)

ϕ^Δ_s = (−40 ± 16)^∘ at 68 % C.L. [4], (2.24)

it seems to be justified to neglect all other contributions (ϕ^{SM}_s , −2β^{SM}_s and δ^{peng,SM}_s +δ^{peng,NP}_s ) in Eq.(2.22) and to use δ = 1. This was done often in the literature and one gets a^s_l = − ΔΓ_s ΔM_s S_{ψϕ} √ 1 − S^2_{ψϕ} . (2.25)

This relation corresponds to Eq.(23) in [14], to Eq.(A.1) in [15], to Eq.(55) in [16] and to Eq.(3) in [17]. Several years earlier similar relations to Eq.(2.25) were derived e.g. in [18, 19, 20, 21]. In Eq.(7.10) of [18] and Eq.(10) of [19] also the same approximations (Eq.(2.19) and Eq.(2.20)) were used, but in the final formula there was still theory input on Γ_{12}/M_{12}. Therefore one expects also a correction factor δ̃, which can be obtained from δ by replacing the tangent with the sine. Therefore δ̃ deviates less from one than δ. For Eq.(26) of [20] only the approximation in Eq.(2.19) is used, which is expected to work well. For Eq.(3.53) of [21] none of the above approximations was used.

Similar relations without the approximations in Eq.(2.19) and Eq.(2.20) were presented e.g. in Eq.(10) of [14], Eq.(3.5) in [22] and in [16]. Kagan and Sokoloff [16] also discuss deviations from the relation Eq.(2.25) by expanding to first order in the penguin contributions and the small phases, see Eq.(110-113) of [16].

2.4 Testing the Relation

In order to test the approximations made for deriving Eq.(2.25) we plot the correction factor δ ( β^{SM}_s , ϕ^{SM}_s , δ^{peng,SM} s + δ^{peng,NP} s , ϕ^Δ_s ) in Fig. (1) as a function of ϕ^Δ_s for four different values of the unknown penguin contributions δ^{peng,SM}_s + δ^{peng,NP}_s = 0^∘, −2^∘, −5^∘ and −10^∘. Comparing with [11] the second and the third values seem to be conservative and realizeable in nature^2. δ^{peng,SM}_s + δ^{peng,NP}_s = 10^∘ corresponds to large penguin contributions (see however [23], where such a possibility is even not excluded within the standard model), while δ^{peng,SM} s + δ^{peng,NP} s = 0^∘ corresponds to the hypothetical case that standard model penguins and new physics penguins cancel exactly. β^{SM}_s and ϕ^{SM}_s are fixed to their standard model values given Eq.(2.13) and Eq.(2.7). As expected the relation in Eq.(2.25) does not work at all for small new physics contributions ϕ^Δ_s , i.e. ϕ^Δ_s ≈ 0 or ϕ^Δ_s ≈ π, but one can see from the plot in Fig. (1), that the relation in Eq.(2.25) does also not work for large new physics contributions.

To investigate the accuracy of Eq.(2.25) further let us first discuss the case of a very large

2More precise data might shrink further the allowed range for penguin contributions.

Figure 1: Correction factor δ in dependence of the new physics phase ϕ^Δ_s in M_{12} for four values of the penguin contributions. The line closest to δ = 1 corresponds to δ^{peng,SM}_s +δ^{peng,NP}_s = 0^∘, the next to −2^∘ and then −5^∘ and −10^∘.

value of the new physics mixing phase ϕ^Δ_s , where the approximations from Eq.(2.19) and Eq.(2.20) are expected to work best. Taking the large ϕ^Δ_s -value from Eq.(2.23) one gets the following values for δ:

δ^{peng,SM+NP} s = 0^∘ δ^{peng,SM+NP} s = −2^∘ δ^{peng,SM+NP} s = −5^∘ δ^{peng,SM+NP} s = −10^∘ δ 1.08638 1.16571 1.29463 1.54297

If there would be no penguin pollution at all, the relation Eq.(2.25) would have a maximal accuracy of about 10%, even for moderate penguin pollutions Eq.(2.25) is violated by 20% − 30% (for smaller values of ϕ^Δ_s , the situation is much worse), while for large penguin contributions we have a violation of Eq.(2.25) of more than 50%. So even in the ideal case of a very large value of the new physics mixing phase ϕ^Δ_s a violation of up to O(50%) can easily occur. If ϕ^Δ_s does not have the value from Eq.(2.23), then the relation in Eq.(2.25) can of course be violated much stronger than O(50%).

Next we show a numerical example, to illustrate that a measurement of a deviation of δ from one has to combined with theoretical input in order to obtain information about the phases. Let us assume that all the quantities in Eq.(2.25) are measured and e.g. δ = 1.6 will be found experimentally. Such a value can correspond to very different values of new physics phases ϕ^Δ_s

δ^{peng,SM+NP} s = 0^∘ δ^{peng,SM+NP} s = −2^∘ δ^{peng,SM+NP} s = −5^∘ δ^{peng,SM+NP} s = −10^∘ ϕ^Δ_s 0.10457 0.200114 0.352488 0.69367

Without including further input (like the theoretical determination of Γ_{12}) the new physics phase can lie somewhere between 0.1 und 0.7 and we cannot distinguish new physics effects in mixing from QCD effects like penguin contributions.

Including however theoretical input like Γ^{SM}_{12} or ϕ^{SM}_s we can determine all phases, e.g.

• a^s_l from experiment and Γ^{SM}_{12} and ϕ^{SM}_s from theory allows us to extract ϕ^Δ_s . This can then be combined with the experimental value of S_{ψϕ} or δ to obtain −2β_s + δ^{Peng,SM}_s + δ^{Peng,NP} s . Most NP models (except e.g. the SM4) do not change the value of −2β_s and therefore we can use the SM prediction for −2β_s to get a precise determination of the penguin contributions

• The experimental values of S_{ψϕ} and δ can be used to extract ϕ^{SM}_s + ϕ^Δ_s . With the theoretical value of ϕ^{SM}_s the new physics phase ϕ^Δ_s can be extracted. As above one can now extract the penguin contributions.

To summarize the results of this section: The relation Eq.(2.25) can be strongly violated due to the small difference between ϕ^{SM}_s and −2β_s and non-vanishing penguin contributions. Therefore a violation of Eq.(2.25), i.e. δ ≠ 1, does not provide a test of our theoretical framework for deriving Γ_{12} and M_{12}. Eq.(2.25) can not be used to eliminate the theory prediction for Γ_{12}. The exact relation Eq.(2.21) (with the correction factor δ) can however be used to extract the desired information: Using the theory prediction for Γ_{12} one can extract ϕ^Δ_s and the size of the penguin contributions δ^{peng,SM}_s + δ^{peng,NP}_s , which is an important result.

3 Comment on the theoretical accuracy of Γ_{12}

The D0 collaboration measured [24, 25] a very large value for the Dimuon asymmetry

A^{b,SM}_{sl} = −0.00957 ± 0.00251(stat) ± 0.00146(syst) , (3.26)

which differs 3.2 σ from the standard model prediction [8, 7], or Eq.(2.8). This result triggered a lot of theoretical interest, see e.g. [12, 26] (due to a lack of space we quoted only papers from the first two months after the D0 result appeared). Allowing only for new physics in M^q_{12} (Eq.(2.10)) one gets the following relation for flavor-specific/semileptonic CP-asymmetries a^q_{fs} = |Γ^q_{12}| |M^{q,SM}_{12} | · sin ( ϕ^{SM}_q + ϕ^Δ_q ) |Δ_q| . (3.27)

From this relation one can derive a bound on the maximal value of the dimuon-asymmetry A^{b,MAX} sl ≈ (−5 ± 1) · 10^{−3} , (3.28)

which is about 1.5 σ below the experimental value in Eq.(3.26).

Due to this discrepancy (although the statistical significance is only 1.5 σ), it was suggested [27] that new physics might also act in Γ^q_{12}, c.f. Eg. (2.11) or that the theory prediction for Γ^q_{12} might be affected by non-perturbative effects. One possibility to circumvent hypthetical problems with Γ^q_{12} would be the elimination of the corresponding theory prediction with the help of Eq.(2.25), as suggested e.g. in [17]. But as explained above Eq.(2.25) can not be used without theory information on Γ^q_{12}.

In order to shed some light on the necessity of the elimination of the theory prediction for Γ_{12} we review here its theory status. Γ^s_{12} has three contributions

Γ^s_{12} = λ^2_c Γ_{cc} + 2λ_cλ_uΓ_{uc} + λ^2_uΓ_{uu} . (3.29)

Γ_{xy} corresponds to a box diagram with internal x- and y−quarks and λ_i = V^∗_{is}V_{ib}. We investigate now the expected expansion parameter in the Heavy Quark Expansion for the individual Γ_{xy}.

Γ_{cc} : This contribution dominates by far |Γ_{12}| and Re(Γ_{12}) and therefore describes ΔΓ_s.

Since we have now two charm quarks in the intermediate state, the expansion parameter of the Heavy Quark Expansion is not the inverse bottom mass but a reduced mass: Λ m_b → Λ √ m^2_b − 4m^2_c = Λ m_b 1 √ 1 − 4z . (3.30)

Using pole masses for the quarks one gets an expansion parameter of about 1.3Λ/m_b. It is however well-known that the use of the pole mass suffers from considerable uncertainties related to renormalons. Using instead the method and parameters (MS-values at the same scale for the quark masses in z, which corresponds to summing up logarithms of the form z ln z to all orders) which were used in [8] we get as an expansion parameter of the HQE Λ m_b 1 √ 1 − 4z̄

= (1.11 ± 0.01) Λ m_b , (3.31)

that is almost identical to Λ/m_b. So this simple dimensional estimate does not indicate any problems concerning the convergence of the HQE.

Moreover the validity of the HQE for Γ_{cc} can be tested directly by comparing theory and experiment for ΔΓ_s and indirectly by the lifetime ratio τ_{Bs} /τ_{Bd} , because a very similar contribution arises in the theoretical determination of the lifetime of the B_s meson, see e.g. [28]. Currently no deviation from the standard model predictions are seen [8], but more precise experimental numbers for ΔΓ_s and τ_{Bs} are very desireable.

Γ_{uc,uu} : These two contributions give the dominant contribution to Im(Γ_{12}) and are therefore important for a_{sl}. Since we now have at most one charm quark and else only light up-quarks as internal quarks, naive power counting shows that the HQE is given as an expansion in the inverse heavy b-quark mass, which is expected to be well-behaved. A very similar contribution arises in the theoretical determination of the lifetime of the B_d and B^+ mesons. Theory and experiment agree well for the ratio τ_B+ /τ_{Bd} [8], although the theoretical precision is strongly limited by a lack of knowledge of the arising non-perturbative parameters.

As we have shown, dimensional estimates do not indicate a breakdown of the convergence of the HQE, but instead of dimensional estimates it is much more instructive to determine explicitly the size of all the corrections to Γ_{12}. We can write

ΔΓ_s = ΔΓ^0_s ( 1 + δ^{Lattice} + δ^{QCD} + δ^{HQE} ) . (3.32)

ΔΓ^0_s is the theory prediction in LO-QCD, LO-HQE (i.e. only contributions of dimension 6) and with all bag parameters set to one. δ^{Lattice} corresponds to the deviation of the lattice results for the bag parameters from one, δ^{QCD} corresponds to the NLO-QCD corrections and δ^{HQE} to the higher orders in the HQE. With the numerical values used in [8] we get the following results^3

ΔΓ_s = 0.142ps^{−1} (3.33)

δ^{Lattice} = −0.14 , (3.34)

δ^{QCD} = −0.06 , (3.35)

δ^{HQE} = −0.19 . (3.36)

All corrections are negative and smaller than 20% = 1/5. So the direct calculation of the first order corrections suggests that the HQE is well-behaved. This can be compared with the status of 2004 [29], where considerable larger uncertainties were still present in the theory prediction for Γ_{12}.

4 Conclusion

We have investigated the relation a^s_l = − ΔΓ_s ΔM_s S_{ψϕ} √ 1 − S^2_{ψϕ} (4.1)

and shown that it receives verly large corrections in dependence of the value of the new physics phase ϕ^Δ_s in mixing. Even in the ideal case of very large values of ϕ^Δ_s the relation can be violated up to 50 %. Therefore it can not be used to eliminate the theory prediction for Γ^s_{12}, but including the correction factor δ from Eq.(2.22) it can be used to determine the size of the penguin contribution to the decay B_s → ψϕ, which is a very important task. A sizeable penguin contribution can also be a signal for new physics.

We also have reinvestigated the accuracy of the theory determination of Γ_{12} and found no sign for unexpectedly large corrections within the framework of the HQE. Comparision between experiment and theory predictions within the framework of the HQE shows a good agreement, with one exception: the central value of the dimuon-asymmetry measured by D0 is 1.5 σ above the theory bound. Although this discrepancy is statistically not significant, more precise data for the dimuon asymmetry from TeVatron would be very helpful. Moreover with the expected new data on ΔΓ_s and τ_{Bs} - in particular from LHCb - soon much more profound conclusions about the value of Γ_{12} can be drawn.

Acknowledgements

I thank Andrzej Buras, Alex Kagan, Uli Nierste and Jürgen Rohrwild for useful discussions and comments on the manuscript and Gilad Perez for challenging questions.

References

[1] E. Lunghi, A. Soni, Phys. Lett. B666 (2008) 162-165. [arXiv:0803.4340 [hep-ph]].

3A detailed analysis of the error budget is given in the appendix of [8], we give here only the central values for the individual corrections.

[2] A. J. Buras, D. Guadagnoli, Phys. Rev. D78 (2008) 033005. [arXiv:0805.3887 [hep-ph]].

[3] A. Lenz, U. Nierste, J. Charles, S. Descotes-Genon, A. Jantsch, C. Kaufhold, H. Lacker, S. Monteil et al., Phys. Rev. D83 (2011) 036004. [arXiv:1008.1593 [hep-ph]].

[4] A. J. Bevan et al. [ UTfit Collaboration ], PoS ICHEP2010 (2010) 270.

[arXiv:1010.5089 [hep-ph]].

[5] E. Lunghi, A. Soni, Phys. Lett. B697 (2011) 323-328. [arXiv:1010.6069 [hep-ph]].

[6] J. Laiho, E. Lunghi, R. Van De Water, PoS FPCP2010 (2010) 040. [arXiv:1102.3917 [hep-ph]].

[7] A. Lenz and U. Nierste, JHEP 0706 (2007) 072 [arXiv:hep-ph/0612167]; M. Beneke, G. Buchalla, C. Greub, A. Lenz and U. Nierste, Phys. Lett. B 459 (1999) 631 [arXiv:hep-ph/9808385]; M. Beneke, G. Buchalla, A. Lenz and U. Nierste, Phys. Lett. B 576 (2003) 173 [arXiv:hep-ph/0307344]; M. Ciuchini, E. Franco, V. Lubicz, F. Mescia and C. Tarantino, JHEP 0308 (2003) 031 [arXiv:hep-ph/0308029].

[8] A. Lenz and U. Nierste; arXiv:1102.4274 [hep-ph].

[9] A. J. Buras, M. Jamin and P. H. Weisz, Nucl. Phys. B 347, 491 (1990).

[10] A. Lenz, Nucl. Phys. Proc. Suppl. 177-178 (2008) 81-86. [arXiv:0705.3802 [hep-ph]].

[11] M. Ciuchini, M. Pierini, L. Silvestrini, [arXiv:1102.0392 [hep-ph]]. S. Faller, M. Jung, R. Fleischer, T. Mannel, Phys. Rev. D79 (2009) 014030. [arXiv:0809.0842 [hep-ph]].

[12] O. Eberhardt, A. Lenz, J. Rohrwild, Phys. Rev. D82 (2010) 095006, [arXiv:1005.3505 [hep-ph]];

[13] M. Bobrowski, A. Lenz, J. Riedl, J. Rohrwild, Phys. Rev. D79 (2009) 113006, [arXiv:0902.4883 [hep-ph]]; M. S. Chanowitz, Phys. Rev. D79 (2009) 113008, [arXiv:0904.3570 [hep-ph]]; W. -S. Hou, C. -Y. Ma, Phys. Rev. D82 (2010) 036002, [arXiv:1004.2186 [hep-ph]]; A. Soni, A. K. Alok, A. Giri, R. Mohanta, S. Nandi, Phys. Rev. D82 (2010) 033009, [arXiv:1002.0595 [hep-ph]]; A. J. Buras, B. Duling, T. Feldmann, T. Heidsieck, C. Promberger, S. Recksiegel, JHEP 1009 (2010) 106, [arXiv:1002.2126 [hep-ph]]; A. K. Alok, A. Dighe, D. London, Phys. Rev. D83 (2011) 073008, [arXiv:1011.2634 [hep-ph]]; S. Nandi, A. Soni, [arXiv:1011.6091 [hep-ph]].

[14] Y. Grossman, Y. Nir, G. Perez, Phys. Rev. Lett. 103 (2009) 071602. [arXiv:0904.0305 [hep-ph]].

[15] I. I. Bigi, M. Blanke, A. J. Buras, S. Recksiegel, JHEP 0907 (2009) 097.

[arXiv:0904.1545 [hep-ph]].

[16] A. L. Kagan, M. D. Sokoloff, Phys. Rev. D80 (2009) 076008. [arXiv:0907.3917 [hep-ph]].

[17] Z. Ligeti, M. Papucci, G. Perez, J. Zupan, Phys. Rev. Lett. 105 (2010) 131601.

[arXiv:1006.0432 [hep-ph]].

[18] M. Blanke, A. J. Buras, D. Guadagnoli, C. Tarantino, JHEP 0610 (2006) 003.

[hep-ph/0604057].

[19] Z. Ligeti, M. Papucci, G. Perez, Phys. Rev. Lett. 97 (2006) 101801. [hep-ph/0604112].

[20] Y. Grossman, Y. Nir, G. Raz, Phys. Rev. Lett. 97 (2006) 151801. [hep-ph/0605028].

[21] M. Blanke, A. J. Buras, A. Poschenrieder, C. Tarantino, S. Uhlig, A. Weiler, JHEP 0612 (2006) 003. [arXiv:hep-ph/0605214 [hep-ph]].

[22] O. Gedalia, Y. Grossman, Y. Nir, G. Perez, Phys. Rev. D80 (2009) 055024.

[arXiv:0906.1879 [hep-ph]].

[23] S. Faller, R. Fleischer, T. Mannel, Phys. Rev. D79 (2009) 014005. [arXiv:0810.4248 [hep-ph]].

[24] V. M. Abazov et al. [ D0 Collaboration ], Phys. Rev. D82 (2010) 032001.

[arXiv:1005.2757 [hep-ex]].

[25] V. M. Abazov et al. [ D0 Collaboration ], Phys. Rev. Lett. 105 (2010) 081801.

[arXiv:1007.0395 [hep-ex]].

[26] B. A. Dobrescu, P. J. Fox, A. Martin, Phys. Rev. Lett. 105 (2010) 041801, [arXiv:1005.4238 [hep-ph]]; C. -H. Chen, G. Faisel, Phys. Lett. B696 (2011) 487-494, [arXiv:1005.4582 [hep-ph]]; A. J. Buras, M. V. Carlucci, S. Gori, G. Isidori, JHEP 1010 (2010) 009, [arXiv:1005.5310 [hep-ph]]; K. S. Babu, J. Julio, Nucl. Phys. B841 (2010) 130-156, [arXiv:1006.1092 [hep-ph]]; M. Jung, A. Pich, P. Tuzon, JHEP 1011 (2010) 003, [arXiv:1006.0470 [hep-ph]]; N. G. Deshpande, X. -G. He, G. Valencia, Phys. Rev. D82 (2010) 056013, [arXiv:1006.1682 [hep-ph]]; B. Batell, M. Pospelov, Phys. Rev. D82 (2010) 054033, [arXiv:1006.2127 [hep-ph]]; D. Choudhury, D. K. Ghosh, JHEP 1102 (2011) 033, [arXiv:1006.2171 [hep-ph]]; J. K. Parry, Phys. Lett. B694 (2011) 363-366, [arXiv:1006.5331 [hep-ph]]; C. -H. Chen, C. -Q. Geng, W. Wang, JHEP 1011 (2010) 089, [arXiv:1006.5216 [hep-ph]]; S. F. King, JHEP 1009 (2010) 114, [arXiv:1006.5895 [hep-ph]]; P. Ko, J. -h. Park, Phys. Rev. D82 (2010) 117701, [arXiv:1006.5821 [hepph]]; C. Delaunay, O. Gedalia, S. J. Lee, G. Perez, E. Ponton, [arXiv:1007.0243 [hepph]]; J. Kubo, A. Lenz, Phys. Rev. D82 (2010) 075001, [arXiv:1007.0680 [hep-ph]]; K. Blum, Y. Hochberg, Y. Nir, JHEP 1009 (2010) 035, [arXiv:1007.1872 [hep-ph]]; A. J. Buras, K. Gemmler, G. Isidori, Nucl. Phys. B843 (2011) 107-142, [arXiv:1007.1993 [hep-ph]]; R. -M. Wang, Y. -G. Xu, M. -L. Liu, B. -Z. Li, JHEP 1012 (2010) 034, [arXiv:1007.2944 [hep-ph]]; B. Dutta, Y. Mimura, Y. Santoso, Phys. Rev. D82 (2010) 055017, [arXiv:1007.3696 [hep-ph]]; C. Biggio, L. Calibbi, JHEP 1010 (2010) 037, [arXiv:1007.3750 [hep-ph]]; A. J. Buras, G. Isidori, P. Paradisi, Phys. Lett. B694 (2011) 402-409, [arXiv:1007.5291 [hep-ph]]...

[27] A. Dighe, A. Kundu, S. Nandi, Phys. Rev. D82 (2010) 031502, [arXiv:1005.4051 [hepph]]; C. W. Bauer, N. D. Dunn, Phys. Lett. B696 (2011) 362-366, [arXiv:1006.1629 [hep-ph]]; Y. Bai, A. E. Nelson, Phys. Rev. D82 (2010) 114027, [arXiv:1007.0596 [hepph]]; S. Oh, J. Tandean, Phys. Lett. B697 (2011) 41-47, [arXiv:1008.2153 [hep-ph]]; X. -G. He, B. Ren, P. -C. Xie, Phys. Lett. B698 (2011) 231-235, [arXiv:1009.3398 [hepph]]; A. K. Alok, S. Baek, D. London, [arXiv:1010.1333 [hep-ph]]. S. Oh, J. Tandean, Phys. Rev. D83 (2011) 095006. [arXiv:1102.1680 [hep-ph]].

[28] A. J. Lenz, AIP Conf. Proc. 1026 (2008) 36-47. [arXiv:0802.0977 [hep-ph]].

[29] A. Lenz, [hep-ph/0412007].