arXiv:hep-ph/0412195 v2 22 Dec 2004

TUM-HEP-572/04 hep-ph/0412195

CP Asymmetry A_{ψKS} , sin 2β, the Sign of ΔM_B and the Physics Beyond the Standard Model

Monika Blanke and Andrzej J. Buras

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

Abstract

We demonstrate that the sign of the B^0 −B̄^0 mass difference ΔM_B is irrelevant for the extraction of the angle β = ϕ_1 of the unitarity triangle from the CP asymmetry A_{ψKS} . Only the weak phase in the mixing amplitude M_{12} matters. Consequently the extraction of sin 2β done by BaBar and Belle can only be affected by new weak phases in M_{12} in the extensions of the SM and possibly but unlikely by new physics contributions to the decay amplitude.

The CP asymmetry in B^0_d → ψK_S A_{ψKS} (t) = Γ(B̄^0_d (t) → ψK_S ) − Γ(B^0_d (t) → ψK_S ) Γ(B̄^0_d (t) → ψK_S ) + Γ(B^0_d (t) → ψK_S ) (1) proposed by Bigi and Sanda [1] for the tests of CP violation in the B meson system in 1980 has been observed [2, 3]. Its value allows to extract

sin 2β = 0.726 ± 0.037 , (2)

where β = ϕ_1 is one of the angles of the unitarity triangle. This result is in an impressive agreement with the Standard Model (SM) expectations [1, 4]. Yet (2) leads to a two fold ambiguity in the value of β

β_{CKM} = 23.3 ± 1.6^∘, β̃ = π 2 − β_{CKM} (3)

with the second possibility inconsistent with the SM expectations. Measuring cos 2β will tell us which of these two solutions is chosen by nature. The first direct experimental result of BaBar [5] for cos 2β and other analyses [6, 7, 8] disfavour in fact the second solution in (3).

In extracting the value given in (2) it has been assumed that the mass difference ΔM_B = M_1 − M_2 > 0 with M_1 and M_2 denoting the masses of the neutral B meson eigenstates. As the sign of ΔM_B is not known by itself, it is legitimate to ask what happens if ΔM_B was assumed to be negative.

In a recent article Bigi and Sanda [9] addressed the uniqueness of the sign in (2), reaching first the conclusion that it could not be determined irrespective of the sign of ΔM_B and that with ΔM_B < 0, the BaBar and Belle data imply sin 2β = −0.726±0.037. This would mean that in addition to (3) two additional solutions for the angle β exist. These findings, if correct, would weaken significantly the present believe that the BaBar and Belle data combined with the standard analysis of the unitarity triangle imply that the CKM matrix [10] is very likely the dominant source of CP violation observed in low energy experiments.

In the first version of this note we challenged the conclusion of the authors of [9] by demonstrating that

• The sign of ΔM_B is irrelevant for the determination of sin 2β.

• The only relevant quantity for this determination is the weak phase of the mixing amplitude M_{12}. For a given phase convention of B^0 and B̄^0, that cancels in the final expression for the asymmetry anyway, the weak phase of M_{12} is uniquely given in the SM and its possible extensions.

Meanwhile, the authors of [9] have withdrawn their paper. Yet, the fact that even two well known experts in the field of CP violation had some doubts in this matter, shows that the issue of the sign of ΔM_B in the extraction of sin 2β is apparently not totally trivial. Therefore the following derivation should still be useful and moreover it will allow us to summarize certain aspects of the sign of sin 2β beyond the SM that have been discussed at various places in the literature.

Using the expressions of [11, 12] but reversing the sign of A_{ψKS} (t) in accord with (1) we have A_{ψKS} (t) = −Imξ sin(ΔM_Bt), (4)

where ξ = q p A(B̄^0 → f) A(B^0 → f) , A(B̄^0 → f) A(B^0 → f) = −η_f e^{−i2ϕD} . (5) Here η_f is the CP parity of the final state and ϕ_D is the weak phase in A(B^0 → f), under the assumption that a single weak phase dominates the decay amplitude. In the case at hand ϕ_D = 0 to a high accuracy and η_f = −1. Consequently the second factor in ξ can be set to unity.

More importantly, we have

ΔM_B = M_1 − M_2 = 2Re ( q p M_{12} ) = ±2|M_{12}|, (6)

B_1 = pB^0 + qB̄^0, B_2 = pB^0 − qB̄^0 , (7)

where B_1 and B_2 denote the mass eigenstates and q p = ± √ M^∗_{12} M_{12} = ± M^∗_{12} |M_{12}| = 2 M^∗_{12} ΔM_B . (8)

Here we have used the fact that the width difference ΔΓ and Γ_{12} can be neglected. In [11] the ± signs have been dropped. They are unnecessary as will be seen in a moment but are kept here in view of the discussion initiated in [9].

Inserting (8) into (4) we find

A_{ψKS} (t) = −2Im ( M^∗_{12} ΔM_B ) sin(ΔM_Bt). (9)

This formula demonstrates explicitly that the sign of ΔM_B is irrelevant and only the phase of M_{12} matters.

Assuming that M_{12} is governed by the usual (V − A) ⊗ (V − A) operator, we have quite generally

M_{12} =

G^2_F 12π^2

F^2_BB̂_B m_BM^2_W (V^∗_{td}V_{tb})^2S_0(x_t)η^{QCD}_B re^{i2θd} , (10) where F_B is the B meson decay constant, B̂_B represents the hadronic matrix element of the (V − A) ⊗ (V − A) operator in question, S_0(x_t) > 0 the Inami-Lim function [13] and η^{QCD}_B ≈ 0.55 the QCD correction [14, 15]. The last factor in (10) describes possible new physics contributions to the Wilson coefficient of the (V − A) ⊗ (V − A) operator that have been discussed at various occasions in the literature [16, 17, 18, 19, 20, 21]. Without loss of generality we take r > 0. θ_d is a new weak phase.

Using V_{tb} = 1, V_{td} = |V_{td}|e^{−iβ} (11) and inserting (10) into (9) we find

A_{ψKS} (t) = sign(B̂_B ) sin 2(β + θ_d) sign(ΔM_B ) sin(ΔM_Bt) . (12)

This formula generalizes and summarizes various discussions of A_{ψKS} (t) in the SM and its simplest extensions that appeared in the literature. In particular in [22] the relevance of the sign of B̂_B has been discussed. In these extensions only the usual (V −A)⊗(V −A) operator is present and as new physics has no impact on its matrix element between B^0 and B̄^0 states, B̂_B > 0 [4]. With θ_d = 0 formula (12) reduces to the usual formula used by BaBar and Belle, except that sign(ΔM_B) in front of sin(ΔM_Bt) demonstrates that the sign of ΔM_B is immaterial.

With θ_d = 90^∘ one recovers a particular minimal flavour violation scenario of [23] in which the sign of S_0(x_t) is reversed. In this case indeed the BaBar and Belle measurement implies sin 2β = −0.726 ± 0.037, but this has nothing to do with the sign of ΔM_B.

Acknowledgements

A.J.B would like to thank Yossi Nir for a discussion and stressing the importance of the clarification of the claim made by the authors of [9].

This work has been supported by Bundesministerium für Bildung und Forschung under the contract 05HT4WOA/3 and the GIF project G-698-22.7/2002.

References

[1] I. I. Y. Bigi and A. I. Sanda, Nucl. Phys. B 193 (1981) 85.

[2] B. Aubert et al. [BABAR Collaboration], arXiv:hep-ex/0408127.

[3] K. Abe et al. [BELLE Collaboration], arXiv:hep-ex/0408111.

[4] M. Battaglia et al., hep-ph/0304132.

[5] M. Verderi [for the BaBar Collaboration], BABAR-TALK-04-011 [hep-ex/0406082].

[6] R. Fleischer, Nucl. Phys. B671 (2003) 459.

[7] A.J. Buras, R. Fleischer, S. Recksiegel and F. Schwab, Nucl. Phys. B697 (2004) 133.

[8] J. Charles et al. [CKMfitter Group Collaboration], hep-ph/0406184. [9] I. I. Bigi and A. I. Sanda, arXiv:hep-ph/0411135.

[10] N. Cabibbo, Phys. Rev. Lett. 10, (1963) 531. M. Kobayashi and K. Maskawa, Prog. Theor. Phys. 49, (1973) 652.

[11] A. J. Buras, hep-ph/0307203.

[12] R. Fleischer, Phys. Rept. 370 (2002) 537.

[13] T. Inami and C. S. Lim, Prog. Theor. Phys. 65 (1981) 297 [Erratum-ibid. 65 (1981) 1772].

[14] A. J. Buras, M. Jamin and P. H. Weisz, Nucl. Phys. B347 (1990) 491. [15] J. Urban, F. Krauss, U. Jentschura and G. Soff, Nucl. Phys. B523, (1998) 40. [16] S. Bertolini, F. Borzumati and A. Masiero, Phys. Lett. B194, (1987) 545 [Erratumibid. B198, (1987) 590]. Y. Nir and D. J. Silverman, Nucl. Phys. B345, (1990) 301; Phys. Rev. D42, (1990) 1477.

[17] S. Laplace, Z. Ligeti, Y. Nir and G. Perez, Phys. Rev. D65 (2002) 094040.

S. Laplace, arXiv:hep-ph/0209188.

[18] R. Fleischer, G. Isidori and J. Matias, JHEP 0305, (2003) 053. [19] G. D’Ambrosio and G. Isidori, Phys. Lett. B530 (2002) 108. [20] S. Bergmann and G. Perez, Phys. Rev. D64, (2001) 115009. JHEP 0008, (2000) 034.

[21] A. J. Buras, F. Schwab and S. Uhlig, arXiv:hep-ph/0405132. [22] Y. Grossman, B. Kayser and Y. Nir, Phys. Lett. B 415 (1997) 90 [arXiv:hep-ph/9708398]. I. I. Y. Bigi and A. I. Sanda, Phys. Rev. D 60 (1999) 033001 [arXiv:hep-ph/9811488].

[23] A. J. Buras and R. Fleischer, Phys. Rev. D64, (2001) 115010.