arXiv:hep-ph/0011184 14 Nov 2000

Comments on CKM Elements^1

Jonathan L. Rosner^2 Enrico Fermi Institute and Department of Physics University of Chicago, 5640 S. Ellis Avenue, Chicago, IL 60637

Abstract

The sensitivity of determination of elements of the Cabibbo-Kobayashi- Maskawa (CKM) matrix to experimental inputs (particularly |V_{cb}|) is discussed and caution in assigning probable errors is urged.

PACS Categories: 12.15.Hh, 12.15.Ff, 13.25.Hw, 14.65.Fy

1 Enrico Fermi Institute preprint EFI 2000-42, hep-ph/0011184. To be published in Proceedings of Beauty 2000, Kibbutz Maagan, Israel, September 13{18, 2000, edited by S. Erhan, Y. Rozen, and P. E. Schlein, Nucl. Inst. Meth. A, 2001.

2rosner@hep.uchicago.edu

While experiments on magnitudes and phases of Cabibbo-Kobayashi- Maskawa (CKM) matrix elements have become increasingly precise, significant uncertainties remain in relating hadron information to fundamental quark couplings. We stress the effect of some of these uncertainties, estimate the allowed parameter space, and conclude that it is consistent with recent measurements of the CP asymmetry in B → J/ψK_S [1, 2].

We parametrize the CKM matrix [3] in terms of λ ≡ V_{us} ≃ 0.22, A ≡ |V_{cb}|/λ^2, ρ ≡ Re(V_{ub})/(Aλ^3), and η = −Im(V_{ub})/(Aλ^3). The elements V_{ud}, V_{us}, V_{cd}, and V_{cs} are well-determined [4, 5]. Our concern will lie primarily with V_{cb}, V_{ub}, and V_{td}. Unitarity predicts V_{ts} ≃ −V_{cb} and V_{tb} ≃ 1.

Determination of V_{cb} using inclusive semileptonic decays requires an understanding of kinematic effects associated with m_b and m_c. The difference m_b − m_c is constrained by spectroscopy to be close to 3.34 GeV [6], but a residual dependence on m_b exists. A free-quark estimate yields |V_{cb}| = 0.0384 − 0.0008[(m_b − 4.7 GeV)/(0.1 GeV)], for τ_b = 1.6 ps and a branching ratio B(B → X_cℓν) = 10.2%. Thus if m_b is uncertain by 0.3 GeV (my guess), |V_{cb}| is uncertain by ±0.0024.

Determination of V_{cb} using exclusive semileptonic decays (see, e.g, [7]) introduces a strong correlation between its value and that of the form factor slope parameter ρ^2, so that values between 0.038 and 0.044 seem credible. This is the range we shall adopt. It is considerably broader than that which appears in several reviews and in two presentations [8] at this Conference.

The determination of |V_{ub}| or |V_{ub}/V_{cb}| relies upon semileptonic charmless B decays either giving rise to leptons beyond the charm limit (and hence a tiny fraction of the spectrum), or a very precise modeling of the leptons due to semileptonic b → cℓν decay. Values of |V_{ub}| ranging from 0.003 to 0.0045 have appeared in recent analyses. In accord with [5] and [9], we therefore take |V_{ub}/V_{cb}| = 0.09 ± 0.025 and hence (ρ^2 + η^2)^{1/2} = 0.41 ± 0.11.

Loop diagrams describing CP-violating K^0–K^0 mixing and the mixing of neutral nonstrange and strange B mesons provide constraints on the elements V_{td} and V_{ts}. We learn Im(V^2_{td}), |V_{td}|^2, and |V_{ts}/V_{td}| from ϵ_K, Δm_d, and Δm_s/Δm_d, respectively.

Using standard expressions for loop diagrams [10] and QCD corrections [11], the parameter ϵ_K leads to the constraint η [ 1 − ρ + B ( m_c 1.4 GeV )2] = C ( 0.8 B_K ) , (1) where B = (0.46, 0.39, 0.28) and C = (0.51, 0.38, 0.28) for |V_{cb}| = (0.038, 0.041, 0.044). A recent estimate of the vacuum-saturation factor B_K [12] gives 0.87 ± 0.13. The value of C changes by nearly a factor of 2 over the range we consider possible for |V_{cb}|. We plot the region of (ρ, η) allowed by the simpler constraint η(1 − ρ + 0.39) = 0.35 ± 0.12.

The value of Δm_d, whose present world average is Δm_d = 0.487 ± 0.014 ps�^1 [13], is proportional to f^2_BB_B|V_{td}|^2, where f_B is the B meson decay constant and B_B is the vacuum saturation factor. For f_B √ B_B = 230 ± 40 MeV [14] and 0.038 ≤ |V_{cb}| ≤ 0.044, one then finds 0.66 ≤ |1 − ρ − iη| ≤ 1.08.

The lower limit Δm_s > 15 ps�^1 may be interpreted in terms of a constraint on |V_{ts}/V_{td}| if the effects of flavor-SU(3) breaking in matrix elements can be estimated. Lattice estimates of the parameter ξ ≡ f_{Bs} √ B_{Bs}/f_B √ B_B = 1.1 ÷ 1.2 are too restrictive in my opinion; a quark model obtains 1.25 for this ratio [6, 15], about 2σ above the lattice range. With 1.25 as an upper limit one obtains the bound |1 − ρ − iη| < 1.01.

The constraints are plotted on the (ρ, η) plane in Fig. 1. Also shown are the ±1σ bounds on sin 2β ≡ sin 2ϕ_1 from an average 0.49 ± 0.23 [6] of OPAL, ALEPH, CDF, BaBar, and BELLE values. There is no contradiction (yet)!

We comment further on decay constants. (1) The ratios f_{Bs} /f_B and f_{Ds} /f_D should be very similar [14, 16, 17]. The value of f_{Ds} has been measured to be 251 ± 30 MeV [14]. The measurement of f_D should be a first priority for a charm factory producing ψ(3770) → D^+D�, in which one of the charged D’s is used for tagging and the other decays to μν. (2) The nonrelativistic quark model implies [18] |f_M |^2 = 12|Ψ(0)|^2/M_M for the decay constant f_M of a meson M of mass M_M composed of a quark-antiquark pair with relative wave function Ψ(⃗r). One estimates the ratios of |Ψ(0)|^2 in D and D_s systems from strong hyperfine splittings. Since M(D�^+) − M(D^+) ≃ M(D�^+_s ) − M(D^+_s ), one expects |Ψ(0)|^2_{Qd̄}/m_d ≃ |Ψ(0)|^2_{Qs̄}/m_s for mesons containing a heavy quark Q. In constituent-quark models [19] m_d/m_s ≃ 0.64, so f_Q¯_d/f_{Qs̄} ≃ √ 0.64 = 0.8. (3) The measurement of F_B depends on determination of B^+ → τ^+ν_τ or B^+ → μ^+ν_μ to sufficent accuracy [20, 21]. One predicts B { B(B^+ → μ^+ν_μ) B(B^+ → τ^+ν_τ ) } = { 2.5 × 10�^7 5.7 × 10�^5 } ( f_B 200 MeV )2 | | | | V_{ub} 0.003 | | | | 2 . (2)

The ratio Γ(B^+ → ℓ^+ν_ℓ)/Δm_d is proportional to |V_{ub}/ √ B_BV_{td}|^2; common factors of f_B cancel. Given B_B, this provides r ≡ |V_{ub}/V_{td}|. A 10% measurement of r would require (e.g.) 25 B^+ → μ^+ν_μ decays, or 100 million charged B’s (or BB̄ pairs).

An estimate quoted in [20, 21] concludes that in the year 2003 the allowed region in (ρ, η) space may involve errors of roughly ±0.05 on each parameter. In contrast to some of the more optimistic estimates [8], I do not think we are there yet.

Acknowledgments

I wish to thank Yoram Rozen, Peter Schlein, and the other organizers of Beauty 2000 for an enjoyable and informative conference, and Prof. K. T. Mahanthappa at the University of Colorado and colleagues at Cornell University and the Technion for gracious hospitality and fruitful interactions. This work was supported in part by the United States Department of Energy through Grant No. DE FG02 90ER40560, and in part by the U. S. – Israel Binational Science Foundation through Grant No. 98-00237.

References

[1] BaBar Collaboration, reported by D. Hitlin at XXX International Conference on High Energy Physics, Osaka, Japan, July 27 – August 2, 2000.

[2] BELLE Collaboration, reported by H. Aihara at Osaka Conference [1].

[3] L. Wolfenstein, Phys. Rev. Lett. 51 (1983) 1945.

[4] F. J. Gilman, these Proceedings.

[5] F. Gilman, K. Kleinknecht, and Z. Renk, Eur. Phys. J. C 15 (2000) 110–114.

[6] J. L. Rosner, in Proceedings of the TASI-2000 Summer School, Boulder, CO, June 5–30, 2000, to be published by World Scientific.

[7] CLEO Collaboration, J. P. Alexander et al., CLEO-CONF 00-3, presented at Osaka Conference [1].

[8] P. Faccioli and A. Stocchi, these Proceedings.

[9] A. Falk, in Proceedings of the XIXth International Symposium on Lepton and Photon Interactions, Stanford, California, August 9–14 1999, edited by J. Jaros and M. Peskin (World Scientific, Singapore, 2000), Electronic Conference Proceedings C990809, 174 (2000).

[10] T. Inami and C. S. Lim, Prog. Theor. Phys. 65 (1981) 297, 1772(E). [11] J. L. Rosner, in Beauty 97, Fifth International Workshop on B-Physics at Hadron Colliders, UCLA, October 13–17, 1997, Nucl. Instr. Meth. A 408 (1008) 308.

[12] V. Lubicz, Invited Talk at the XX Physics in Collision Conference, June 29 – July 1, 2000, Lisbon, Portugal, Univ. of Rome III report RM3-TH/00-15, hep-ph/0010171.

[13] F. Palla, J. Jaros, and A. Bornheim, these Proceedings. [14] C. Sachrajda, these Proceedings. [15] J. L. Rosner, Phys. Rev. D 42 (1990) 3732. [16] B. Grinstein, Phys. Rev. Lett. 71 (1993) 3067.

[17] CP-PACS Collaboration, A. Ali Khan et al., preprint hep-lat/0010009. [18] R. Van Royen and V. F. Weisskopf, Nuovo Cim. A50 (1967) 617. [19] S. Gasiorowicz and J. L. Rosner, Am. J. Phys. 49 (1981) 954. [20] J. L. Rosner, in Lattice ’98 (Proceedings of the XVIth International Symposium on Lattice Field Theory, Boulder, Colorado, USA, 13–18 July 1998), edited by T. DeGrand, C. DeTar, R. Sugar, and D. Toussaint, Nucl. Phys. Proc. Suppl. 73 (1999) 29.

[21] P. Burchat et al., Report of the NSF Elementary Particle Physics Special Emphasis Panel on B Physics, July, 1998 (unpublished).

Figure 1: Region of (ρ, η) specified by ±1σ constraints on CKM parameters. Solid semicircles: |V_{ub}/V_{cb}|. Dotted hyperbolae: ϵ_K. Dashed arcs: Δm_d. Dash-dotted arc: 95% c.l. lower limit on Δm_s. Rays: sin 2β ≡ sin 2ϕ_1.