28. Cabibbo-Kobayashi-Maskawa mixing matrix 1317

Figure 28.1: (a) Representation in the complex plane of the triangle formed by the CKM matrix elements V �ub, Vtd, and s12 Vcb. (b) Rescaled triangle with vertices A(ρ, η), B(1, 0), and C(0, 0).

the CKM matrix. For CP -violating asymmetries of neutral B mesons decaying to CP eigenstates, there is a direct relationship between the magnitude of the asymmetry in a given decay and sin 2ϕ, where ϕ = α, β, γ is an appropriate angle of the unitarity triangle [38].

The combination of all the direct and indirect information can be used to find the overall constraints on the CKM matrix and thence the implications for future measurements of CP violation in the B system [40]. References:

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

2. N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963).

3. L.-L. Chau and W.-Y. Keung, Phys. Rev. Lett. 53, 1802 (1984). 4. L. Maiani, Phys. Lett. 62B, 183 (1976) and in Proceedings of the 1977 International Symposium on Lepton and Photon Interactions at High Energies (DESY, Hamburg, 1977), p. 867.

5. L. Wolfenstein, Phys. Rev. Lett. 51, 1945 (1983). 6. H. Harari and M. Leurer, Phys. Lett. B181, 123 (1986). 7. H. Fritzsch and J. Plankl, Phys. Rev. D35, 1732 (1987). 8. F.J. Botella and L.-L. Chau, Phys. Lett. B168, 97 (1986). 9. See, for example, M. Gronau and J. Schechter, Phys. Rev. Lett.

54, 385 (1985), where various parametrizations are discussed, including one equivalent to that in Eq. (28.3).

10. W.J. Marciano and A. Sirlin, Phys. Rev. Lett. 56, 22 (1986). 11. A. Sirlin and R. Zucchini, Phys. Rev. Lett. 57, 1994 (1986). 12. W. Jaus and G. Rasche, Phys. Rev. D35, 3420 (1987). 13. A. Sirlin, Phys. Rev. D35, 3423 (1987). 14. H. Leutwyler and M. Roos, Z. Phys. C25, 91 (1984);

See also the earlier work of R.E. Shrock and L.L. Wang, Phys. Rev. Lett. 41, 1692 (1978).

15. J.F. Donoghue, B.R. Holstein, and S.W. Klimt, Phys. Rev. D35, 934 (1987).

16. M. Bourquin et al., Z. Phys. C21, 27 (1983). 17. J.M. Gaillard and G. Sauvage, private communication;

Using different SU(3) symmetry breaking corrections, a somewhat higher value of jVusj is obtained by A. Garcia, R. Huerta, and P. Kielanowski, Phys. Rev. D45, 879 (1992).

18. H. Abramowicz et al., Z. Phys. C15, 19 (1982). 19. C. Foudas et al., Phys. Rev. Lett. 64, 1207 (1990). 20. D. Hitlin, in Proceedings of the 1987 International Symposium on Lepton and Photon Interactions at High Energies, Hamburg, July 27–31, 1987, edited by W. Bartel and R. Rückl (North Holland, Amsterdam, 1988), p. 179.

21. The result for M = 2.2 GeV is found in F. Bletzacker, H.T. Nieh, and A. Soni, Phys. Rev. D16, 732 (1977).

22. CLEO: A. Bean et al., Phys. Lett. B317, 647 (1993). 23. Mark III: Z. Bai et al., Phys. Rev. Lett. 66, 1011 (1991). 24. Mark III: J. Adler et al., Phys. Rev. Lett. 62, 1821 (1989). 25. E691: J.R. Raab et al., Phys. Rev. D37, 2391 (1988);

E687: P.L. Frabetti et al., Phys. Lett. B263, 584 (1991). 26. T.M. Aliev et al., Yad. Fiz. 40, 823 (1984) [Sov. J. Nucl. Phys.

40, 527 (1984)].

27. M. Bauer, B. Stech, and M. Wirbel, Z. Phys. C29, 637 (1985). 28. B. Grinstein, N. Isgur, and M.B. Wise, Phys. Rev. Lett. 56, 298 (1986);

B. Grinstein, N. Isgur, D. Scora, and M.B. Wise, Phys. Rev. D39, 799 (1989).

29. F. Bartelt et al., Phys. Rev. Lett. 71, 4111 (1993). 30. H. Albrecht et al., Phys. Lett. B255, 297 (1991);

M. Danilov, rapporteur’s talk at the 1993 EPS Conference on High-Energy Physics, (Marseille, France, July 1993).

31. G. Altarelli et al., Nucl. Phys. B208, 365 (1982). 32. N. Isgur and M.B. Wise, Phys. Lett. B237, 527 (1990); B232, 113 (1989);

E. Eichten and B. Hill, Phys. Lett. B234, 511 (1990). 33. M.E. Luke, Phys. Lett. B252, 447 (1990). 34. H. Albrecht et al., Z. Phys. C57, 533 (1993);

H. Albrecht et al., Phys. Lett. B275, 195 (1992).

35. G. Crawford et al., CLEO Conf 93-30, submitted to 1993 EPS Conference on High-Energy Physics, (Marseille, France, July 1993).

36. M. Neubert, Phys. Lett. B264, 455 (1991).

37. D. Karlen, 5th International Conference on Heavy Flavor Physics (Montreal, Canada, July 1993).

38. L.-L. Chau and W.-Y. Keung, Ref. 3;

J.D. Bjorken, private communication and Phys. Rev. D39, 1396 (1989);

C. Jarlskog and R. Stora, Phys. Lett. B208, 268 (1988); J.L. Rosner, A.I. Sanda, and M.P. Schmidt, in Proceedings of the Workshop on High Sensitivity Beauty Physics at Fermilab, Fermilab, November 11–14, 1987 , edited by A.J. Slaughter, N. Lockyer, and M. Schmidt (Fermilab, Batavia, IL, 1988), p. 165; C. Hamzaoui, J.L. Rosner and A.I. Sanda, ibid, p. 215.

39. C. Jarlskog, Phys. Rev. Lett. 55, 1039 (1985) and Z. Phys. C29, 491 (1985).

40. C.O. Dib et al., Phys. Rev. D41, 1522 (1990);

A.I. Sanda, invited talk at the KEK Topical Conference on Electron-Positron Collision Physics, Tsukuba, Japan, May 17–19, 1989 and KEK report 89-70, 1989 (unpublished); C.S. Kim, J.L. Rosner, and C.-P. Yuan, Phys. Rev. D42, 96 (1990).