arXiv:hep-ph/0008004 1 Aug 2000

Implications of the possibility that sin 2fi is small

João P. Silva^∗ Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309, USA

Lincoln Wolfenstein Department of Physics, Carnegie Mellon University, Pittsburgh, Pennsylvania 15213 (August 1, 2000)

Recently, the Babar and Belle collaborations have reported their first measurements of the CPviolating asymmetry in Bd ! ψKS , and more precise results will follow soon. We discuss what a future evidence for small sin 2β could mean, contrasting the usual possibility of new physics in the Bd system, with the interesting alternative that the new physics effects are confined to the kaon system.

13.25.Hw, 11.30.Er, 14.40.-n.

The first result to come from B-factories is the CPviolating asymmetry in the decay B_d → ψK_S . This measures sin 2β̃ which, in the phase convention in which the decay amplitude is real, coincides with the phase of the B_d − B_d mixing matrix element M_{12}(B_d). In the Standard Model (SM) β̃ = β = arg (−V_{cd}V^∗_{cb}/V_{td}V^∗_{tb}). We will use throughout the Wolfenstein parametrization [1] of the CKM matrix [2], and the corresponding phase convention. Thus, β is the phase of V^∗_{td} and sin 2β = 2η(1 − ρ)/((1 − ρ)^2 + η^2). The constraints on ρ and η from the parameter ϵ_K in kaon decays, combined with those from x_s and |V_{ub}/V_{cb}|, yield 16^∘ ≤ β ≤ 34^∘ and 38^∘ ≤ γ ≤ 81^∘ at the 95% CL [3], corresponding to a correlated region bounded roughly by 0.24 ≤ η ≤ 0.50 and 0.07 ≤ ρ ≤ 0.38 [3]. Here γ = arg (−V_{ud}V^∗_{ub}/V_{cd}V^∗_{cb}), and tan γ = η/ρ.

Initial measurements by the CDF collaboration [4] found sin 2β̃ = 0.79^{+0.41}_{−0.44}. Recently the Babar [5] and Belle [6] collaborations announced their results to be sin 2β̃ = 0.12 ± 0.37(stat) ± 0.09(sys) and sin 2β̃ = 0.45^{+0.43}_{−0.44}(stat)^{+0.07}_{−0.09}(sys) (combining with J/ψK_L), respectively. Although the errors are large, and a detailed numerical analysis is still unwarranted, it is interesting to study the possibility that sin 2β̃ is significantly lower than the value allowed by the SM. This is what we consider here. As an example, we look at the consequence of a value sin 2β̃ = 0.2, which requires new physics beyond the Standard Model.

We contrast two possibilities. The first possibility is that all the new physics is in the kaon system; since CP violation is very small for kaons in the Standard Model, there is great sensitivity to new physics. The second possibility is that there is new physics in B_d − B_d mixing; in the Standard Model this mixing is proportional to A^2λ^6η = 10^{−5} − 10^{−4} and, so, new physics effects could be significant.

Consider the possibility that the new physics is confined to K^0 − K^0 mixing. This is the original evidence for CP violation and is used in determining a lower limit on η, corresponding to a lower limit on β. It is interesting to note that there are no current experiments on kaons that can directly detect such a new physics contribution. This may be possible with K_L → π^0νν̄ [7], but the remarkable feature we stress here is that such effects might be detected first in B decays. As was noted long ago, the CP-violating part of the K^0 − K^0 mixing matrix can be explained by a superweak interaction with an effective coupling as small as 10^{−10}G_F to 10^{−11}G_F [8]. Assuming no other new physics, then β̃ = β = 0.5 arcsin 0.2, and the measurement of |V_{ub}/V_{cb}| = 0.093 ± 0.014 implies 0.27 ≤ pρ^2 + η^2 ≤ 0.58 at 95% CL [3]. Intercepting these constraints leads to γ = arctan η/ρ between 4^∘ and 16^∘. (We have used x_s to eliminate the solutions with negative ρ, corresponding to very large values for γ.)

An argument against this interpretation is the relatively large value of ϵ^′_K /ϵ_K observed in the kaon system [9]. While there are large uncertainties in the Standard Model calculation [10], even the largest theoretical estimates of the error bars in the hadronic matrix elements require values of η greater than 0.1 to fit the recent experimental results. Thus, this would seem to require new physics in the CP-violating kaon decay amplitude as well as in the mixing. This possibility has been sugested in some models [11].

An alternative is to consider new physics in the B_d −B_d mixing [12]. If this is the only source of new physics, a value of η larger than about 0.25 is required by the observables in the kaon system. Conversely, given the constraint on |V_{ub}/V_{cb}|, once we allow η greater than 0.25, the question of whether there is new physics in K^0 − K^0 mixing is unimportant and we do not consider it further. Henceforth, we will take η ≥ 0.25.

A natural possibility is to assume that there is no significant new physics in B_s − B_s mixing, on the grounds that the magnitude of M_{12}(B_s) is much larger than for B_d and, so, less susceptible to new physics. Then, once x_s is known, we can extract f^2_{Bs}B_{Bs}, to be combined with the reliable lattice-QCD estimate of K = f^2_{Bs}B_{Bs}/f^2_{Bd}B_{Bd} = 1.30 ± 0.14 [13] in order to extract f^2_{Bd}B_{Bd}. We may now determine M^{SM}_{12} (B_d) for any value of (ρ, η). Indeed, it is easy to show that, in this scenario,

M^{SM}_{12} (B_d) = x_sΓ_{Bs} 2 K^{−1} λ^2R^2_t e^{2iβ}, (1)

with R_t = sin γ/ sin (γ + β) = p(1 − ρ)^2 + η^2. Using,

M_{12}(B_d) = x_dΓ_{Bd} 2 e^{2iβ̃}, (2) we may now determine

M^{new}_{12} (B_d) = M_{12}(B_d) − M^{SM}_{12} (B_d), (3)

for chosen values of β and γ (i.e., of ρ and η). This is illustrated in figure 1, where we have used x_d = 0.723, x_s = 20, K = 1.3, λ = 0.22, sin 2β̃ = 0.2, η ≥ 0.25, and taken R_b = sin β/ sin (γ + β) = pρ^2 + η^2 to equal 0.27, 0.4, and 0.58. In figure 1, we have also used Γ_{Bs} ∼ Γ_{Bd} and divided all vectors by |M_{12}(B_d)|.

FIG. 1. Position of the tip of the vector M^{new}_{12} (Bd ) in the complex plane, in the usual phase convention, and in units of

jM12(Bd)j. The position of the tip varies as we vary ρ and

η. The input parameters are xd = 0.723, xs = 20, K = 1.3, λ = 0.22, and sin 2β̃ = 0.2. The dashed, solid, and dot-dashed lines correspond to Rb = 0.27, Rb = 0.4, and Rb = 0.58, respectively.

Figure 2 shows the magnitude of M^{new}_{12} (B_d) as a function of γ, with the same parameters and conventions used in figure 1. Using the requirement that η ≥ 0.25, we find that 25^∘ ≤ γ ≤ 155^∘ for R_b = 0.58, 39^∘ ≤ γ ≤ 141^∘ for R_b = 0.40, and 68^∘ ≤ γ ≤ 112^∘ for R_b = 0.27.

FIG. 2. Magnitude of the vector M^{new}_{12} (Bd), in units of

jM12(Bd)j as a function of γ. The input parameters coincide

with those in figure 1. The dashed, solid, and dot-dashed lines correspond to Rb = 0.27, Rb = 0.4, and Rb = 0.58, respectively.

Another possibility is that there is new physics also in B_s − B_s mixing. Given the current constraints on the (ρ, η) plane from ϵ_K and |V_{ub}/V_{cb}|, and accepting the lattice estimate for f^2_{Bs}B_{Bs}, there is an upper bound on x_s. If the measurement of x_s were to exceed this upper bound, one would have an indication of new physics in the B_s system. Unfortunately, the lattice prediction for f^2_{Bs}B_{Bs} is not as reliable as that for K. Therefore, only values for x_s considerably above the current upper limit could be considered as compelling evidence for new physics. On the other hand, in the Standard Model and with the usual phase convention, the phase of M_{12}(B_s) is given by ϵ = arg (−V_{cb}V^∗_{cs}/V_{tb}V^∗_{ts}), which is of order λ^2η. Since this phase is small, it is conceivable that the new physics might change this phase into ϵ̃, without significantly affecting the magnitude of M_{12}(B_s). Large values for ϵ̃ would be detected through the CP-violating asymmetry in B_s → D^+_s D^−_s [14] or in B_s → J/ψϕ (with a suitable analysis of the angular distributions).

We now discuss how to contrast the two possibilities: the possibility that all the new physics is in the kaon system; with the possibility that all the new physics is in the B system. The most striking difference between the two is in the value of γ. The phase γ is less than 16^∘ in the first case and larger than 25^∘ in the the second case, with the exact range depending on the value of R_b. A number of experiments have been discussed in the literature to constrain γ: i) experiments sensitive to sin^2 γ [15]; ii) the CP-violating asymmetry in B_d → ππ, which, once the penguin effect is taken into account, measures sin (2β̃ + 2γ) [16], iii) the Dalitz plot analysis of B_d → ρπ, which determines sin (2β̃ + 2γ) and also cos (2β̃ + 2γ) [17]; iv) and experiments sensitive sin (2β̃ + γ) [18]. Although some of the relevant channels require some knowledge about the strong phases, while others require large statistics, the quest for γ may ultimately allow us to distinguish between the two alternatives.

A further very interesting feature is that, in the second case, β and β̃ are different. Therefore, the phase of the penguin amplitude β is not equal to the mixing phase β̃. This has implications for the analysis of the penguin effects. For example, if the penguin effects in B_d → ππ were small, the asymmetry would be given by sin(2β̃ + 2γ), with a leading correction of 2r cos(2β̃ + 2γ) sin(β + γ) cos(Δ), where r is the ratio of tree to penguin amplitudes and Δ the relative strong phase. Notice that both β̃ and β are involved.

Another interesting signal could come from a pure penguin decay into a CP eigenstate, such as B_d → K_S K_S . If this were dominated by the penguin with the intermediate top quark, the asymmetry would be proportional to sin (2β − 2β̃). Unfortunately, as pointed out by Fleisher [19], this method is obscured by the presence of the penguin diagram with intermediate charm, which carries a different weak phase.

Of course, there is the logical possibility that there is new physics in both the kaon and B sectors. The new physics could even account for all the observable CP-violating effects. Since ϵ^′_K /ϵ_K is so small, such a theory would be superweak-like and, thus, ruled out by measuring a nonzero value for γ.

Finally, we comment on the discrete ambiguities [20]. If the measurement of sin 2β̃ in B_d → ψK_s turns out to lie within the range allowed by the Standard Model, then the discrete ambiguities might be crucial in unearthing the new physics contributions. However, if, as proposed here, the measurement of sin 2β̃ yields 0.2, one finds a natural explanation in a contribution from new physics driven by 2β−2β̃ of order 20^∘. In contrast, the discretelyambiguous possibilities β̃ = {84.2^∘, 185.8^∘, 264.2^∘} would correspond to much larger new physics contributions.

In conclusion, a small value of sin 2β̃ would be a sign of physics beyond the Standard Model. This new physics could be confined to the kaon system or be primarily in the B system. Only a variety of further experiments could distinguish these two possibilities.

ACKNOWLEDGMENTS

We thank Yossi Nir for useful discussions. This work is supported in part by the Department of Energy under contracts DE-AC03-76SF00515 and DE-FG02-91- ER-40682. The work of J. P. S. is supported in part by Fulbright, Instituto Camões, and by the Portuguese FCT, under grant PRAXIS XXI/BPD/20129/99 and contract CERN/S/FIS/1214/98.

� Permanent address: Instituto Superior de Engenharia de Lisboa, Rua Conselheiro Emídio Navarro, 1900 Lisboa, Portugal.

[1] L. Wolfenstein, Phys. Rev. Lett. 51, 1945 (1983). [2] N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963); M.

Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973).

[3] A. Ali and D. London, DESY preprint number DESY-00- 026, hep-ph/0002167, to be published in the proceedings of 3rd Workshop on Physics and Detectors for DAPHNE (DAPHNE 99), Italy (1999); ibid Eur. Phys. J. C 9, 687 (1999).

[4] CDF Collaboration, T. Affolder et al., Phys. Rev. D 61, 072005 (2000).

[5] Babar Collaboration, talk presented by D. Hitlin at ICHEP2000, Osaka (July 2000).

[6] Belle Collaboration, talk presented by H. Aihara at ICHEP2000, Osaka (July 2000).

[7] Y. Grossman and Y. Nir, Phys. Lett. B 398, 163 (1997). [8] L. Wolfenstein, Phys. Rev. Lett. 13, 562 (1964). [9] NA48 Collaboration, V. Fanti et. al., Phys. Lett. B 465, 335 (1999); KTeV Collaboration, A. Alavi-Harati et. al., Phys. Rev. Lett. 83, 22 (1999); NA31 Collaboration, G. D. Barr et. al., Phys. Lett. B 317, 233 (1993); E731 Collaboration, L. K. Gibbons et. al., Phys. Rev. Lett. 70, 1203 (1993).

[10] S. Bertolini, M. Fabbrichesi, and J. O. Eeg, Rev. Mod.

Phys. 72, 65 (2000).

[11] See, for example, A. Masiero and H. Murayama, Phys.

Rev. Lett. 83 907 (1999).

[12] See, for example, N. G. Deshpande, B. Dutta, and S.

Oh, Phys. Rev. Lett. 77, 547 (1996); T. Goto et al., Phys. Rev. D 53 5331 (1996); Y. Grossman, Y. Nir, and M. Worah, Phys. Lett. B 407, 307 (1997); J. P. Silva and L. Wolfenstein, Phys. Rev. D 55 5331 (1997); G. Barenboim, G. Eyal, and Y. Nir, Phys. Rev. Lett. 83, 4486 (1999); and references therein.

[13] T. Drapper, Nucl. Phys. Proc. Suppl. 73 43 (1999). [14] Y. Nir and D. J. Silverman, Nucl. Phys. B 345, 301 (1990).

[15] M. Gronau and D. Wyler, Phys. Lett. B 265, 172 (1991).

D. Atwood, I. Dunietz, and A. Soni, Phys. Rev. Lett. 78, 3257 (1997). See also A. Soffer, Phys. Rev. D 60, 054032 (1999).

[16] M. Gronau and D. London, Phys. Rev. Lett. 65, 3381 (1990); J. P. Silva and L. Wolfenstein, Phys. Rev. D 49, R1151 (1994).

[17] A. E. Snyder and H. R. Quinn, Phys. Rev. D 48, 2139 (1993). See also H. R. Quinn and J. P. Silva, Phys. Rev. D 62, 054002 (2000).

[18] M. Gronau and D. London, Phys. Lett. B 253, 483 (1991); B. Kayser and D. London, Phys. Rev. D 61, 116013 (2000); I. Dunietz, Phys. Lett. B 427, 179 (1998); D. London, N. Sinha, and R. Sinha University of Montreal preprint number UDEM-GPP-TH-00-72 (2000), hep-ph/0005248, unpublished.

[19] R. Fleischer, Phys. Let. B 341, 205 (1994). [20] L. Wolfenstein, CMU preprint number PRINT-97-162 (talk given at the second international conference on B physics and CP violation, Honolulu, Hawaii, 24-27 March 1997); Y. Grossman, Y. Nir, and M. P. Worah, Phys. Lett. B 407, 307 (1997); Y. Grossman and H. R. Quinn, Phys. Rev. D 56, 7259 (1997); B. Kayser and D. London, hep-ph/9909560; G. C. Branco, L. Lavoura, and J. P. Silva, CP Violation (Oxford University Press, Oxford, 1999).