Proceedings of the DIS’2004, Štrbské Pleso, Slovakia

RARE B DECAYS AT BABAR

MOUSUMI DATTA (Representing the BABAR Collaboration) Department of Physics, University of Wisconsin Madison, WI 53706, USA E-mail: dattam@slac.stanford.edu

We present recent results on rare B meson decays based on data taken by the BABAR detector at the PEP-II asymmetric e^+e^− collider. Included in this report are measurements of branching fractions and other quantities of interest for several hadronic, radiative, electroweak, and purely leptonic decays of B mesons.

In this paper we present measurements of branching fractions and direct CP asymmetries of rare B decays based on data taken at the BABAR detector [1]. Measurements of the longitudinal polarization for the charmless vector vector B decays are reported. Most analyses use a sample of approximately 89 million BB pairs, while B^0 → π^0π^0 and B → K^{(∗)}ℓ^+ℓ^− analyses use a sample of 124 million BB pairs.

The rare B decay processes discussed here can be classified as follows.

• Charmless hadronic decays: These decays proceed through CKM suppressed tree (b → u) and (or) gluonic penguin amplitudes. Presented here are results of B → hh (h = K, π) decays (table 1), vector vector B decays (table 2), and decays involving isoscalar mesons (table 3).

The decay processes involving penguin loops are sensitive to new physics contributions, as new particles can be virtually created in the loops. Such effects may show up as different branching fractions, CP asymmetries or kinematic distributions rather than those predicted by the Standard Model (SM). Besides the search for hints of new physics, measurements of SM parameters can be obtained from these decays. Some examples of physics implications related to rare hadronic decays are as follows.

The time-dependent CP asymmetry in the decays B → π^+π^− and ρ^+ρ^−, B → ϕK^0 and ϕK^∗ are related to CKM angle α and β, respectively. Measurements of isospin related decays B → π^0π^0 and π^±π^0 (B → ρ^0ρ^0 and ρ^±ρ^0) can be used to evaluate or constrain α [21]. The ratios of various ππ and Kπ modes are sensitive to the angle γ [22]. The isospin sum rule for Kπ decays shows discrepancy between measurements and SM predictions [22], which with increased statistical significance would imply the possibility of new physics. For vector vector decays, one aspect which is currently not well understood is that longitudinal polarization fractions of the ρ^+ρ^−, ρ^+ρ^0 and ρ^0K^{∗+} decays are different from that of the ϕK^{∗0} and ϕK^{∗+} decays. A_{CP} measurements for different penguin dominated decays are potentially sensitive to new physics. In addition, measurements of rates of many of the hadronic decays provide test

© Institute of Experimental Physics SAS, Košice, Slovakia 1 for the accuracy of theoretical predictions, such as, QCD factorization.

• Radiative and electroweak decays: Radiative penguin processes include exclusive B → K^∗γ and ρ/ωγ, and semi-inclusive B → X_sγ decays. Results for branching fraction measurements of the exclusive and semi-inclusive electroweak processes K^{(∗)}ℓ^+ℓ^− and X_sℓ^+ℓ^−, and exclusive pure electroweak flavor changing neutral current process B^+ → K^+νν are reported. Results of aforesaid processed are summarized in table 3. These penguin dominated decays are sensitive to new physics. For example, in the SM, a small A_{CP} is predicted for the radiative sγ processes, which can be enhanced significantly in various new physics scenarios. In addition, the ratio of B → ργ and B → K^∗γ rates constrains the ratio of CKM matrix elements |V_{td}|/|V_{ts}|.

• Purely leptonic decays: We present searches for rare leptonic decays B^+ → μ^+ν_μ and B^+ → τ^+ν_τ . These decays proceed via annihilation of the b and u quarks into a virtual W boson. Branching fraction measurements provide direct measurement of the B meson decay constant f_B . The pure leptonic decays are helicity suppressed, though physics beyond the SM can enhance these processes. Upper limits obtained for these decays are listed in table 3.

At BABAR, with the large amount of produced B mesons, many rare decay modes have been observed and branching fractions for many decays are measured with higher precision. No strong evidence of new physics have been found yet, though some of the measurements are not in good agreement with SM expectations. With expected increase in luminosity in near future rare B decays will allow us to explore the SM even further and may offer a glimpse to the physics beyond the SM.

Table 1. Branching fractions (B) and direct CP -violating charged asymmetry (A_{CP} ) of the decays B → hh (h = π, K). The first and second errors are statistical and systematic, respectively. Upper limits are quoted at 90% confidence level.

Mode B(10^{−6}) A_{CP} π^+π^− [2] 4.7 ± 0.6 ± 0.2 - K^+π^− [2] 17.9 ± 0.9 ± 0.7 −0.102 ± 0.050 ± 0.016 K^+K^− [2] < 0.6 - π^+π^0 [3] 5.5^{+1.0}_{−0.9} ± 0.6 −0.03^{+0.18}_{−0.17} ± 0.02 K^+π^0 [3] 12.8^{+1.2}_{−1.1} ± 1.0 −0.09 ± 0.09 ± 0.01 π^0π^0 [4] 2.1 ± 0.6 ± 0.3 - K^0π^+ [5] 22.3 ± 1.7 ± 1.1 −0.05 ± 0.08 ± 0.01 K^0K^+ [5] < 2.5 - K^0π^0 [5] 11.4 ± 1.7 ± 0.8 0.03 ± 0.36 ± 0.11 K^0K^0 [5] < 1.8 -

Rare B Decays at BABAR 3

Table 2. Branching fractions (B) and direct CP -violating charged asymmetry (A_{CP} ) of the decays B → ρρ, ρK^∗, ϕK^{(∗)} and ϕπ. For vector vector B meson decays longitudinal polarization (f_L) measurements are also listed. The first and second errors are statistical and systematic, respectively. Upper limits are quoted at 90% confidence level.

Mode B(10^{−6}) A_{CP} f_L ϕK^{∗+} [7] 12.7^{+2.2}_{−2.0} ± 1.1 +0.16 ± 0.17 ± 0.03 0.46 ± 0.12 ± 0.03 ϕK^{∗0} [7] 11.2 ± 1.3 ± 0.8 +0.04 ± 0.12 ± 0.02 0.65 ± 0.07 ± 0.02 ρ^0K^{∗+} [7] 10.6^{+3.0}_{−2.6} ± 2.4 +0.20^{+0.32}_{−0.29} ± 0.04 0.96^{+0.04}_{−0.15} ± 0.04 ρ^0ρ^0 [7] < 2.1 - - ρ^+ρ^− [6] 25^{+7+5}_{−6−6} - 0.98^{+0.02}_{−0.08} ± 0.03 ϕK^+ [8] 10.0^{+0.9}_{−0.8} ± 0.5 0.04 ± 0.09 ± 0.01 - ϕK^0 [8] 8.4^{+1.5}_{−1.3} ± 0.5 - - ϕπ^+ [8] < 0.41 - -

Table 3. Branching fractions (B) and direct CP -violating charged asymmetry (A_{CP} ) of B → η^{(′ )}K^∗, η^{(′ )}π, η^{(′ )}ρ, combinations of two charmless isoscalar mesons, radiative, electroweak and purely leptonic B decays. The first and second errors are statistical and systematic, respectively. Upper limits are quoted at 90% confidence level.

Mode B(10^{−6}) A_{CP} Mode B(10^{−6}) η^′K^+ [9] 76.9 ± 3.5 ± 4.4 0.037 ± 0.045 ± 0.011 η^′ρ^+ [11] < 22 η^′K^0 [9] 60.6 ± 5.6 ± 4.6 - η^′ρ^0 [11] < 4.3 ηπ^+ [10] 5.3 ± 1.0 ± 0.3 −0.44 ± 0.18 ± 0.01 η^′π^0 [11] < 3.7 ηK^+ [10] 3.4 ± 0.8 ± 0.2 −0.52 ± 0.24 ± 0.01 ωπ^0 [11] < 1.2 ηK^0 [10] < 5.2 - ϕπ^0 [11] < 1.0 η^′π^+ [10] < 4.5 - ηη [12] < 2.8 ηK^{∗+} [11] 25.6 ± 4.0 ± 2.4 +0.13 ± 0.14 ± 0.02 ηϕ [12] < 1.0 ηK^{∗0} [11] 18.6 ± 2.3 ± 1.2 +0.02 ± 0.11 ± 0.02 ηω [12] < 6.2 ηρ^+ [11] < 14 - ηη^′ [12] < 4.6 ηρ^0 [11] < 1.5 - η^′η^′ [12] < 10 ηπ^0 [11] < 2.5 - η^′ω [12] < 2.8 η^′K^{∗+} [11] < 14 - η^′ϕ [12] < 4.5 η^′K^{∗0} [11] < 7.6 - ϕϕ [12] < 1.5 K^{∗0}γ [14] 39.2 ± 2.0 ± 2.4 −0.013 ± 0.036 ± 0.010 ρ^0γ [13] < 1.2 K^{∗+}γ [14] 38.7 ± 2.8 ± 2.6 ρ^+γ [13] < 2.1 Kℓ^+ℓ^− [16] 0.65^{+0.14}_{−0.13} ± 0.04 - ωγ [13] < 1.0 K^∗ℓ^+ℓ^− [16] 0.88^{+0.33}_{−0.29} ± 0.01 - K^+νν [18] < 70.0 X_sℓ^+ℓ^− [17] 6.3 ± 1.6^{+1.8}_{−1.5} - μ^+ν_μ [19] < 6.6 X_sγ [15] - 0.025 ± 0.05 ± 0.015 τ^+ν_τ [20] < 410

References

1. The BABAR Collaboration, B. Aubert et al., Nucl. Instrum. Methods A479, 1-116 (2002).

2. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 89, 281802 (2002).

3. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 91, 021801 (2003) 4. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 91, 241801 (2003).

5. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 92, 201802 (2004) 6. The BABAR Collaboration, B. Aubert et al., Phys. Rev. D69, 031102 (2004) 7. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 91, 171802 (2003).

8. The BABAR Collaboration, B. Aubert et al., Phys. Rev. D69, 011102 (2004). 9. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 91, 161801 (2003).

10. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 92, 061801 (2004).

11. The BABAR Collaboration, B. Aubert et al., arXiv:hep-ex/0403025. 12. The BABAR Collaboration, B. Aubert et al., Submitted to Phys. Rev. Lett.

[arXiv:hep-ex/0403046].

13. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 92, 111801 (2004).

14. The BABAR Collaboration, B. Aubert et al., Submitted to Phys. Rev. Lett.

[arXiv:hep-ex/0407003].

15. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 93, 021804 (2004).

16. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 91, 221802 (2003).

17. The BABAR Collaboration, B. Aubert et al., Submitted to Phys. Rev. Lett.

[arXiv:hep-ex/0404006].

18. The BABAR Collaboration, B. Aubert et al., arXiv:hep-ex/0304020, arXiv:hep-ex/0207069.

19. The BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett. 92, 221803 (2004).

20. The BABAR Collaboration, B. Aubert et al., arXiv:hep-ex/0303034, arXiv:hep-ex/0304030.

21. M. Gronau and D. London, Phys. Rev. Lett. 65, 3381 (1990); Y. Grossman and H. R. Quinn, Phys. Rev. D 58 017504 (1998); J. Charles, Phys. Rev. D 59, 054007 (1999); M. Grounau, D. London, N. Sinha and R. Sinha, Phys. Lett. B 514, 315 (2001).

22. M. Gronau and J. L. Rosner, arXiv:hep-ph/0307095.