arXiv:hep-ph/0412128 v1 9 Dec 2004

REVIEW OF HEAVY QUARK PHYSICS – THEORY

AHMED ALI Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany E-mail: ahmed.ali@desy.de

Recent progress in the theory of B-meson decays is reviewed with emphasis on the aspects related to the B-factory data.

1 Introduction

The two B-meson factories operating at the KEK and SLAC e^+e^− storage rings have outperformed their projected luminosities and have produced a wealth of data, in particular on CP asymmetries and rare B-decays 1^,2. Impressive results were also presented at this conference by the two Fermilab experiments CDF and D0 in B physics 3 and top-quark physics 4. These and other experiments 5 have provided precision measurements of the Cabibbo-Kobayashi-Maskawa (CKM) 6^,7 matrix elements establishing the unitarity of this matrix 8. The KM-mechanism 7 of CP violation is now being tested with ever increasing precision in a large number of decay modes 9^,10.

In my talk I will concentrate on the following three topics:

• Current determination of |V_{cb}| and |V_{ub}|.

• Progress in flavor-changing-neutral current (FCNC) induced rare B-decays.

• Comparison of various theoretical approaches to non-leptonic B-decays with current data in selected two-body Bdecays.

Aspects of charm physics are discussed in the plenary talks by Ian Shipsey 11, and the Lattice-QCD results related to flavor physics are taken up by Shoji Hashimoto 12.

2 Current determinations of |V_{cb}| and |V_{ub}| The CKM matrix is written below in the Wolfenstein parameterization 13 in terms of the four parameters: A, λ, ρ, η:

V_{CKM} ≡ 1 −^1_2 λ^2 λ Aλ^3 (ρ − iη) −λ(1 + iA^2λ^4η) 1 −^1_2 λ^2 Aλ^2 Aλ^3 (1 − ρ − iη) −Aλ^2 ( 1 + iλ^2η ) 1 .

Anticipating precision data, a perturbatively improved version 14 of the Wolfenstein parameterization will be used below with ρ̄ = ρ(1 − λ^2/2), η̄ = η(1 − λ^2/2).

Unitarity of the CKM matrix implies six relations, of which the one resulting from the equation V_{ud}V^∗_{ub} + V_{cd}V^∗_{cb} + V_{td}V^∗_{tb} = 0 is the principal focus of the current experiments in B-decays. This is a triangle relation in the complex plane (i.e. ρ̄–η̄ space), and the three angles of this triangle are called α, β and γ, with the BELLE convention being ϕ_2 = α, ϕ_1 = β and ϕ_3 = γ. The unitarity relation in discussion can also be written as

R_be^{iγ} + R_te^{−iβ} = 1 , (1)

where R_b = ( 1 −^{λ2}_2

)_1 λ | | |^{Vub}_{Vcb} | | | = √ ρ̄^2 + η̄^2

and R_t =^1_λ | | |^{Vtd}_{Vcb} | | | = √ (1 − ρ̄)^2 + η̄^2. Thus, precise determination of |V_{cb}|, |V_{ub}| and |V_{td}| and the three CP-violating phases α, β, γ is crucial in testing the CKM paradigm.

2.1 |V_{cb}| from the decays B → X_c ℓ ν_ℓ

Determinations of |V_{cb}| are based on the semileptonic decay b → cℓν_ℓ. This transition can be measured either inclusively through the process B → X_cℓν_ℓ, where X_c is a hadronic state with a net c-quantum number, or exclusively, such as the decays B → (D, D^∗)ℓν_ℓ. In either case, intimate knowledge of QCD is required to go from the partonic process to the hadronic states. The fact that m_b ≫ Λ_{QCD} has led to novel applications of QCD in which heavy quark expansion (HQE) plays a central role 15 and the underlying theory is termed as HQET. Concentrating on the inclusive decays, the semi-leptonic decay rate can be calculated as a power series

Γ = Γ_0 + 1 m_b Γ_1 + 1 m^2_b

Γ_2 + 1 m^3_b

Γ_3 + ..., (2)

where each Γ_i is a perturbation series in α_s(m_b), the QCD coupling constant at the scale m_b. Here Γ_0 is the decay width of a free b-quark, which gives the parton-model result. The coefficient of the leading power correction Γ_1 is absent 16, and the effect of the 1/m^2_b correction is collected in Γ_2, which can be expressed in terms of two nonperturbative parameters called λ_1 - kinetic energy of the b-quark - and λ_2 - its chromomagnetic moment. These quantities, also called μ^2_π and μ^2_G, respectively, in the literature, are defined in terms of the following matrix elements 17^,18^,19^,20: 2M_B λ_1 ≡ ⟨B(v)|Q̄_v (iD)^2Q_v|B(v)⟩, (3) 6M_B λ_2 ≡ ⟨B(v)|Q̄_v σ_{μν}[iD^μ, iD^ν ]Q_v|B(v)⟩ , where D_μ is the covariant derivative and heavy quark fields are characterized by the 4-velocity, v. At O(Λ^3_{QCD}/m^3_b ), six new matrix elements enter in Γ_3, usually denoted by ρ_{1,2} and T_{1,2,3,4}, discussed below.

Data have been analyzed in the theoretical accuracy in which corrections up to O(α^2_sβ_0), O(α_sΛ_{QCD}/m_b) and O(Λ^3_{QCD}/m^3_b ) are taken into account 21^,22, with β_0 being the lowest oder β-function in QCD. The choice of the parameters entering the fit depends on whether or not an expansion in 1/m_c is performed. In addition to this choice, a quark mass scheme has to be specified. Bauer et al. 21 have carried out a comprehensive study of both of these issues using five quark mass schemes: 1S, PS, MS, kinematic, and the pole mass.

To extract the value of |V_{cb}| and other fit parameters, three different distributions, namely the charged lepton energy spectrum and the hadronic invariant mass spectrum in B → X_cℓν̄_ℓ, and the photon energy spectrum in B → X_sγ have been studied. Theoretical analyses are carried out in terms of the moments and not the distributions themselves. Defining the integral R_n(E_{cut}, μ) ≡ ∫ E_{cut} dEℓ(Eℓ − μ) ndΓ/dE_ℓ, where E_{cut} is a lower cut on the charged lepton energy, moments of the lepton energy spectrum are given by ⟨E^n_ℓ ⟩ = R_n(E_{cut}, 0)/R_0(E_{cut}, 0). For the B → X_cℓν̄_ℓ hadronic invariant mass spectrum, the moments are defined likewise with the cutoff E_{cut}. Analyses of the B-factory data have been presented at this conference by the BABAR 23^,24^,25 and BELLE 26^,27 collaborations. Studies along these lines of some of the moments were also undertaken by the CDF 28, CLEO 29^,30 and DELPHI 31 collaborations.

The BABAR collaboration have studied the dependence of the lepton and hadron moments on the cutoff E_{cut} and compared their measurements with the theoretical calculation by Gambino and Uraltsev 22 using the so-called kinematic scheme for the b-quark mass m^{kin}_b (μ), renormalized at the scale μ = 1 GeV. Excellent agreement between experiment and theory is observed, allowing to determine the fit parameters in this scheme with the results 23^,25: |V_{cb}| = (41.4 ± 0.4_{exp} ± 0.4_{HQE} ± 0.6_{th}) × 10^{−3}, m_b (1GeV) = (4.61 ± 0.05_{exp} ± 0.04_{HQE} ± 0.02_{th}) GeV, m_c (1GeV) = (1.18 ± 0.07_{exp} ± 0.06_{HQE} ± 0.02_{th}) GeV.

(4) The global fit of the data from the BABAR, BELLE, CDF, CLEO and DELPHI collaborations in the so-called 1S-scheme for the b-quark mass undertaken by Bauer et al. 21 leads to the following fit values for |V_{cb}| and m_b:

|V_{cb}| = (41.4 ± 0.6 ± 0.1_{τB} ) × 10^{−3},

m^{1S}_b = (4.68 ± 0.03) GeV. (5)

The two analyses yielding (4) and (5) are in excellent agreement with each other. The achieved accuracy δ|V_{cb}|/|V_{cb}| ≃ 2% is impressive, and the precision on m_b is also remarkable, δm_b/m_b = O(10^{−3}), with a similar precision obtained on the mass difference m_b − m_c.

2.2 |V_{cb}| from B → (D, D^∗)ℓν_ℓ decays

The classic application of HQET in heavy → heavy decays is B → D^∗ℓν_ℓ. The differential distribution in the variable ω(= v_B .v_D∗ ), where v_B (v_D∗ ) is the four-velocity of the B(D^∗)-meson, is given by dΓ dω = G^2_F 4π^3

|V_{cb}|^2 m^3_D∗ (m_B − m_D∗ )^2 × ( ω^2 − 1 )_{1/2} G(ω) |F(ω)|^2 , where G(ω) is a phase space factor with G(1) = 1, and F(ω) is the Isgur–Wise (IW) function 32 with the normalization at the symmetry point F(1) = 1. Leading Λ_{QCD}/m_b corrections in F(1) are absent due to Luke’s theorem 33. Theoretical issues are the precise determination of the second order power correction to F(ω = 1), the slope ρ^2 and the curvature c of the IW-function:

F(ω) = F(1) [ 1 + ρ^2 (ω − 1) + c (ω − 1)^2 + ... ] . (6) Bounds on ρ^2 have been obtained by Bjorken 34 and Uraltsev 35, which can be combined to yield ρ^2 > 3/4. Likewise, bounds on the second (and higher) derivatives of the IW-function have been worked out by the Orsay group 36, yielding c > 15/32 37. These bounds have not been used (at least not uniformly) in the current analyses of the B → D^∗ℓν_ℓ data by the experimental groups. This, combined with the possibility that the data sets may also differ significantly from experiment to experiment, results in considerable dispersion in the values of F(1)|V_{cb}| and ρ^2 and hence in a large χ^2 of the combined fit, summarized by the HFAG averages 38:

F(1)|V_{cb}| = (37.7 ± 0.9) × 10^{−3} , (7) ρ^2 = 1.56 ± 0.14 (χ^2 = 26.9/14).

To convert this into a value of |V_{cb}|, we need to know F(1). In terms of the perturbative (QED and QCD) and non-perturbative (leading δ_{1/m}2 and sub-leading δ_{1/m}3 ) corrections, F(1) can be expressed as follows:

F(1) = η_A [ 1 + δ_{1/m}2 + δ_{1/m}3 ] , (8)

where η_A is the perturbative renormalization of the IW-function, known in the meanwhile to three loops 39. One- and two-loop corrections yield η_A ≃ 0.933 and the O(α^3_s) contribution amounts to η^{(3)}_A = −0.005. Default value of F(1) used by HFAG is based on the BABAR book 40 F(1) = 0.91 ± 0.04. A recent Lattice-QCD calculation in the quenched approximation yields 41 F(1) = 0.913^{+0.0238 +0.0171}

−0.0173 −0.0302, which is now be-

ing reevaluated with dynamical quarks 12. With F(1) = 0.91 ± 0.04, HFAG quotes the following average 38

|V_{cb}|_{B→D}∗_{ℓνℓ} = (41.4±1.0_{exp}±1.8_{theo})×10^{−3}. (9) The resulting value of |V_{cb}| is in excellent agreement with the ones given in (4) and (5) obtained from the inclusive decays. However, in view of the rather large χ^2 of the fit and the remark on the slope of the IW-function made earlier, there is room for systematic improvements in the determination of |V_{cb}| from the exclusive analysis.

The decay B → Dℓν_ℓ still suffers from paucity of data. An analysis of the current data in this decay mode using the HQET formalism, which admits leading 1/m_b corrections, is 38 |V_{cb}| = (40.4 ± 3.6_{exp} ± 2.3_{th}) × 10^{−3}. The determination of |V_{cb}| from B → Dℓν_ℓ can be significantly improved at the Bmeson factories.

2.3 |V_{ub}| from the decays B → X_uℓν_ℓ

HQET techniques allow to calculate the inclusive decay rate B → X_uℓν_ℓ rather accurately. However, the experimental problem in measuring this transition lies in the huge background from the dominant decays B → X_cℓν_ℓ which can be brought under control only through severe cuts on the kinematics. For example, these cuts are imposed on the lepton energy, demanding E_ℓ > (m^2_B − m^2_D)/2m_B , and/or the momentum transfer to the lepton pair q^2 restricting it below a threshold value q^2 < q^2_{max}, and/or the hadron mass recoiling against the leptons, which is required to satisfy m_X < m_D . With these cuts, the phase space of the decay B → X_uℓν_ℓ is greatly reduced. A bigger problem is encountered in the end-point region (also called the shape function region), where the leading power correction is no longer 1/m^2_b but rather 1/m_bΛ_{QCD}, slowing the convergence of the expansion. Moreover, in the region of energetic leptons with low invariant mass hadronic states, E_X ∼ m_b, m^2_X ∼ m^2_D ∼ Λ_{QCD}m_b ≪ m^2_b , the differential rate is sensitive to the details of the shape function f(k_+) 42, where k_+ = k_0 + k_3 with k^μ ∼ O(Λ_{QCD}).

The need to know f(k_+) can be circumvented by doing a combined analysis of the data on B → X_uℓν_ℓ and B → X_sγ. Using the operator product expansion (OPE) to calculate the photon energy spectrum in the inclusive decay B → X_sγ, the leading terms in the spectrum (neglecting the bremsstrahlung corrections) can be re-summed into a shape function 43: dΓ_s dx = G^2_F αm^5_b 32π^4

|V_{ts}V^∗_{tb}|^2 |C^{eff}_7 |^2 f(1 − x) , (10) where x =^{2Eγ}_{mb} . In the leading order, E_ℓ- and M_{Xu} spectra in B → X_uℓν_ℓ are also governed by f(x). Thus, f(x) can be measured in B → X_sγ and used in the analysis of data in B → X_uℓν_ℓ. Following this argument, a useful relation emerges 44^,45^,46 | V_{ub} V_{tb}V^∗_{ts} | = ( 3α π |C^{eff}_7 |^2

Γ_u(E_c) Γ_s(E_c)

) 1_2 (1+δ(E_c)) ,

(11) where

Γ_u(E_c) ≡ ∫_{mB /2} E_c dE_ℓ dΓ_u dE_ℓ , Γ_s(E_c) ≡ 2 m_b ∫_{mB /2} E_c dE_γ (E_γ − E_c) dΓ_s dE_γ , (12)

and δ(E_c) incorporates the sub-leading terms in O(Λ_{QCD}/m_b), which can only be modeled at present. In addition, there are perturbative corrections to the spectra and in the relation (11) 43^,47^,44.

Theoretical uncertainties in the extraction of |V_{ub}| arise from the weak annihilation (WA) contributions 48^,49 which depend on the size of factorization violation. Also, the O(Λ^3_{QCD}/m^3_b ) contributions, which have been studied using a model 50 for f(x), are found to grow as q^2 and m_{cut} are increased.

At this conference, the BELLE collaboration 51 have presented impressive new analyses for the inclusive B → X_uℓν_ℓ decays with fully reconstructed tags. This has allowed them to measure the partial branching ratio (with m_X < 1.7 GeV, q^2 > 8 GeV^2)

ΔB(B → X_uℓν_ℓ) = (0.99 ± 0.15(stat) ± 0.18 (syst.) ± 0.04(b → u) ± 0.07(b → c)) × 10^{−3} . (13)

To get the full branching ratio, a knowledge of the shape function is needed which is obtained in a model-dependent analysis 52 from the measured B → X_sγ spectrum. Using the expression B(B → X_uℓν_ℓ) = ΔB(B → X_uℓν_ℓ)/f_u, the BELLE analysis estimates f_u = 0.294 ± 0.044 51. Combined with the PDG prescription 9

|V_{ub}| = 0.00424 [ B(B → X_uℓν_ℓ) 0.002

1.61 ps τ_B ] , (14) yields 51

|V_{ub}| = (5.54 ± 0.42(stat) ± 0.50(syst.) ±0.12(b → u) ± 0.19(b → c) ± 0.42(f_u) ±0.27(B → |V_{ub}|)) × 10^{−3}. (15)

The corresponding determination of |V_{ub}| by the BABAR collaboration using this method gives 53

|V_{ub}| = (5.18 ± 0.52 ± 0.42) × 10^{−3} , (16)

where the errors are statistical and systematic, respectively. The current determination of |V_{ub}| from inclusive measurements including the above BABAR and BELLE measurements is summarized by HFAG (Summer 2004 update) 38, with the average

|V_{ub}| = (4.70 ± 0.44) × 10^{−3} , (17)

having a χ^2/ p.d.f = 6.7/7. This amounts to about 10% precision on |V_{ub}|. Recently, a new method to determine |V_{ub}| from the inclusive decays B → X_uℓν_ℓ has been proposed 54 which uses a cut on the hadronic light-cone variable P_+ = E_X − |P_X |. The efficiency and sensitivity to non-perturbative effects in the P_+-cut method is argued to be similar to the one on the hadron mass cut, and the P_+-spectrum can be calculated in a controlled theoretical framework.

2.4 |V_{ub}| from exclusive decays

|V_{ub}| has also been determined from the exclusive decays B → (π, ρ)ℓν_ℓ. Theoretical accuracy is limited by the imprecise knowledge of the form factors. A number of theoretical techniques has been used to determine them. These include, among others, Lightcone QCD sum rules 55, Quenched- and Unquenched-Lattice QCD simulations 12, and Lattice-QCD based phenomenological studies 56. New measurements and analysis of the decay B → πℓν_ℓ have been presented at this conference by the BELLE collaboration and compared with a number of Lattice- QCD calculations, and the extracted values of |V_{ub}| (in units of 10^{−3}) are as follows 57: |V_{ub}|_{Quenched} = ( 3.90 ± 0.71 ± 0.23^{+0.62}_{−0.48} ) ; |V_{ub}|_{FNAL}′_{04} = ( 3.87 ± 0.70 ± 0.22^{+0.85}_{−0.51} ) ; |V_{ub}|_{HPQCD} = ( 4.73 ± 0.85 ± 0.27^{+0.74}_{−0.50} ) . Hence, current Lattice-QCD results show considerable dispersion (about 20%) in the extraction of |V_{ub}| from data.

To reduce the form-factor related uncertainties in extracting |V_{ub}| from exclusive decays B → (π, ρ)ℓν_ℓ, input from the rare Bdecays B → (K, K^∗)ℓ^+ℓ^− and HQET may be helpful. A proposal along these lines is the so-called Grinstein’s double ratio which would determine |V_{ub}|/|V_{tb}V^∗_{ts}| from the endpoint region of exclusive rare B-meson decays 58^,59. To carry out this program one has to measure four distributions: B → ρℓν_ℓ, B → K^∗ℓ^+ℓ^−, and D → (ρ, K^∗)ℓν_ℓ. With the help of this data and HQET, the ratio of the CKM factors |V_{ub}|/|V_{tb}V^∗_{ts}| can be determined through the double ratio Γ(B̄ → ρℓν) Γ(B̄ → K^∗ℓ^+ℓ^−) Γ(D → K^∗ℓν) Γ(D → ρℓν) . (18)

At the B factories, one expects enough data on these decays to allow a 10% determination of |V_{ub}| from exclusive decays.

3 Radiative, semileptonic and leptonic rare B decays

Two inclusive rare B-decays of current experimental interest are B → X_sγ and B → X_sl^+l^−, where X_s is any hadronic state with s = 1, containing no charmed particles. They probe the SM in the electroweak b → s penguin sector. The CKM-suppressed decays B → X_dγ and B → X_dl^+l^− are difficult to measure due to low rates and formidable backgrounds. Instead, the search for b → d radiative transitions has been carried out in the modes B → (ρ, ω)γ providing interesting constraints on the CKM parameters. New and improved upper limits have been presented at this conference on the branching ratio for B^0_s → μ^+μ^−, testing supersymmetry in the large-tan β domain. We take up these decays below in turn.

3.1 B → X_sγ: SM vs. Experiments

The effective Lagrangian for the decays B → X_s(γ, ℓ^+ℓ^−) in the SM reads as follows:

L_{eff} = 4G_F √ 2 V^∗_{ts}V_{tb} 10∑ i=1 C_i(μ)O_i . (19)

The operators and their Wilson coefficients evaluated at the scale μ = m_b can be seen elsewhere 60. QCD-improved calculations in the effective theory require three steps: (i) Matching C_i(μ_0) (μ_0 ∼ M_W , m_t): They have been calculated up to three loops 61^,62. The three-loop matching is found to have less than 2% effect on B(B → X_sγ) 62. (ii) Operator mixing: This involves calculation of the anomalous dimension matrix, which is expanded in α_s(μ). The anomalous dimensions up to α^2_s(μ) are known 63 and the α^3_s(μ) calculations are in progress. (iii) Matrix elements ⟨O_i⟩(μ_b) (μ_b ∼ m_b): The first two terms in the expansion in α_s(μ_b) are known since long 64. The O(α^2_sn_f ) part of the 3-loop calculations has recently been done by Bieri, Greub and Steinhauser 65. The complete three-loop calculation of ⟨O_i⟩, which is not yet in hand, will reduce the quark mass scheme-dependence of the branching ratio B(B → X_sγ), and hence of the NLO decay rate for B(B → X_sγ) 63^,66. Finally, one has to add the Bremsstrahlung contribution b → sγg to get the complete decay rate 67.

In the MS scheme, the NLO branching ratio is calculated as 66^,68:

B(B → X_sγ)_{SM} = (3.70±0.30)×10^{−4} . (20)

Including the uncertainty due to schemedependence, this amounts to a theoretical precision of about 10%, comparable to the current experimental precision 38

B(B → X_sγ)_{Expt.} = (3.52^{+0.30}_{−0.28}) × 10^{−4} . (21) Within stated errors, SM and data are in agreement. In deriving (20), unitarity of the CKM matrix yielding λ_t = −λ_c = −Aλ^2 + ... = −(41.0 ± 2.1) × 10^{−3} has been used, where λ_i = V_{ib}V^∗_{is}. The measurement (21) can also be used to determine λ_t. Current data and the NLO calculations in the SM imply 60 |1.69λ_u+1.60λ_c+0.60λ_t| = (0.94±0.07)|V_{cb}| , (22) leading to λ_t = V_{tb}V^∗_{ts} = −(47.0±8.0)×10^{−3}. As V_{tb} = 1 to a very high accuracy, B(B → X_sγ) determines V_{ts}, both in sign and magnitude.

The current (NLO) theoretical precision on B(B → X_sγ) given in (21) has recently been questioned 69, using a multi-scale OPE involving three low energy scales: m_b, √ m_bΔ and Δ = m_b − 2E_0, where E_0 is the lower cut on the photon energy. With E_0 taken as 1.9 GeV and Δ = 1.1 GeV, one has considerable uncertainty in the decay rate due to the dependence on Δ.

3.2 B → X_sℓ^+ℓ^−: SM vs. Experiments

The NNLO calculation of the decay B → X_sl^+l^− corresponds to the NLO calculation of B → X_sγ, as far as the number of loops in the diagrams is concerned. Including the leading power corrections in 1/m_b and 1/m_c and taking into account various parametric uncertainties, the branching ratios for the decays B → X_sℓ^+ℓ^− in NNLO are 70:

B(B → X_se^+e^−)_{SM} ≃ B(B → X_sμ^+μ^−)_{SM} = (4.2 ± 0.7) × 10^{−6} , (23)

where a dilepton invariant mass cut, m_{ℓℓ} > 0.2 GeV has been assumed for comparison with data given below. These estimates make use of the NNLO calculation by Asatryan et al. 71, restricted to ŝ ≡ q^2/m^2_b < 0.25.

The spectrum for ŝ > 0.25 has been obtained from the NLO calculations using the scale μ_b ≃ m_b/2, as this choice of scale reduces the NNLO contributions. Subsequent NNLO calculations cover the entire dilepton mass spectrum and are numerically in agreement with this procedure, yielding 72^,73 B(B → X_sμ^+μ^−)_{SM} = (4.6 ± 0.8) × 10^{−6}. The difference in the central values in these results and (23) is of parametric origin.

The BABAR and BELLE collaborations have measured the invariant dilepton and hadron mass spectra in B → X_sℓ^+ℓ^−. Using the SM-based calculations to extrapolate through the cut-regions, the current averages of the branching ratios are 38:

B(B → X_se^+e^−) = (4.70^{+1.24}_{−1.23}) × 10^{−6}, B(B → X_sμ^+μ^−) = (4.26^{+1.18}_{−1.16}) × 10^{−6} , B(B → X_sℓ^+ℓ^−) = (4.46^{+0.98}_{−0.96}) × 10^{−6}.(24)

Thus, within the current experimental accuracy, which is typically 25%, data and the SM agree with each other in the b → s electroweak penguins. The measurements (21) and (24) provide valuable constraints on beyond-the-SM physics scenarios. Following the earlier analysis to determine the Wilson coefficients in b → s transitions 74^,70^,75, it has been recently argued 76 that data now disfavor solutions in which the coefficient C^{eff}_7 is similar in magnitude but opposite in sign to the SM coefficient. For example, this constraint disfavors SUSY models with large tan β which admit such solutions.

Exclusive decays B → (K, K^∗)ℓ^+ℓ^− (ℓ^± = e^±, μ^±) have also been measured by the BABAR and BELLE collaborations, and the current world averages of the branching ratios are 38:

B(B → Kℓ^+ℓ^−) = (5.74^{+0.71}_{−0.66}) × 10^{−7}, B(B → K^∗e^+e^−) = (14.4^{+3.5}_{−3.4}) × 10^{−7} , B(B → K^∗μ^+μ^−) = (17.3^{+3.0}_{−2.7}) × 10^{−7}.(25)

They are also in agreement with the SMbased estimates of the same, posted as 70 B(B → Kℓ^+ℓ^−) = (3.5 ± 1.2) × 10^{−7}, B(B →

K^∗e^+e^−) = (15.8 ± 4.9) × 10^{−7}, and B(B → K^∗μ^+μ^−) = (11.9 ± 3.9) × 10^{−7} with the error dominated by uncertainties on the form factors 77.

The Forward-backward (FB) asymmetry in the decay B → X_sℓ^+ℓ^− 78, defined as

Ā_{FB}(q^2) = 1 dB(B → X_sℓ^+ℓ^−)/dq^2 (26) × ∫_1 −1 d cos θ_ℓ d^2B(B → X_sℓ^+ℓ^−) dq^2 d cos θ_ℓ sgn(cos θ_ℓ) ,

as well as the location of the zero-point of this asymmetry (called below q^2_0) are precision tests of the SM. In NNLO, one has the following predictions: q^2_0 = (3.90 ± 0.25) GeV^2 [(3.76 ± 0.22_{theory} ± 0.24_{mb} ) GeV^2], obtained by Ghinculov et al. 79 [Asatrian et al. 80]. In the SM (and its extensions in which the operator basis remains unchanged), the FB-asymmetry in B → Kℓ^+ℓ^− is zero and in B → K^∗ℓ^+ℓ^− it depends on the decay form factors. Model-dependent studies yield small form factor-related uncertainties in the zeropoint of the asymmetry ŝ_0 = q^2_0/m^2_B 81. HQET provides a symmetry argument why the uncertainty in ŝ_0 can be expected to be small which is determined by 77 C^{eff}_9 (ŝ_0) = −^{2mb}_{MBŝ0} C^{eff}_7 . However, O(α_s) corrections to the HQET-symmetry relations lead to substantial change in the profile of the FBasymmetry function as well as a significant shift in ŝ_0 82^,83. The zero of the FBasymmetry is not very precisely localized due to hadronic uncertainties, exemplified by the estimate 82 q^2_0 = (4.2 ± 0.6) GeV^2. One also expects that the intermediate scale Δrelated uncertainties, worked out in the context of B → X_sγ and B → X_uℓν_ℓ in SCET 69^,84, will also renormalize the dilepton spectra and the FB-asymmetries in B → (X_s, K^∗, ...)ℓ^+ℓ^−. At this conference, BELLE have presented the first measurement of the FBasymmetry in the decays B → (K, K^∗)ℓ^+ℓ^−. Data is compared with the SM predictions and with a beyond-the-SM scenario in which the sign of C^{eff}_7 is flipped, with no firm conclusions. However, the beyond-the-SM scenario is disfavored on the grounds that it predicts too high a branching ratio for B → X_sℓ^+ℓ^− as well as for B → K^∗ℓ^+ℓ^−.

3.3 B → V γ: SM vs. Experiments

The decays B → V γ (V = K^∗, ρ, ω) have been calculated in the NLO approximation using the effective Lagrangian given in (19) and its analogue for b → d transitions. Two dynamical approaches, namely the QCD Factorization 85 and pQCD 86 have been employed to establish factorization of the radiative decay amplitudes. The QCD-F approach leads to the following factorization Ansatz for the B → V γ^{(∗)} amplitude:

f_k(q^2) = C_{⊥k}ξ_⊥(q^2)+C_{‖k}ξ_‖(q^2)+Φ_B ⊗T_k⊗Φ_V , (27) where f_k(q^2) is a form factor in the full QCD and the terms on the r.h.s. contain factorizable and non-factorizable corrections. The functions C_i (i =⊥, ‖) admit a perturbative expansion C_i = C^{(0)}_i +^{αs}_π C^{(1)}_i + ..., with C^{(0,1)}_i being the Wilson coefficients, and the so-called hard spectator corrections are given in the last term in (27). The symbol ⊗ denotes convolution of the perturbative QCD kernels with the wave functions Φ_B and Φ_V of the B-Meson & V -Meson. Concentrating first on the B → K^∗γ decays, the branching ratio is enhanced in the NLO by a Kfactor evaluated as 83^,87^,88 1.5 ≤ K ≤ 1.7. The relation between ξ^{(K∗ )}_⊥ (0) and the full QCD form factor T^{K∗}_1 (0) has been worked out in O(α_s) by Beneke and Feldmann 82: T^{K∗}_1 (0) = (1 + O(α_s))ξ^{(K∗ )}_⊥ (0). Using the default values for the b-quark mass in the pole mass scheme m_{b,pole} = 4.65 GeV and the soft HQET form factor ξ^{K∗}_⊥ = 0.35 results in the following branching ratios 89

B_{th}(B^0 → K^{∗0}γ) ≃ (6.9 ± 1.1) × 10^{−5} , B_{th}(B^± → K^{∗±}γ) ≃ (7.4 ± 1.2) × 10^{−5} .

The above theoretical branching ratios are to be compared with the current experimental measurements 38

B(B^0 → K^{∗0}γ) = (4.14 ± 0.26) × 10^{−5}; B(B^± → K^{∗±}γ) = (3.98 ± 0.35) × 10^{−5} .

Consistency of the QCD-F approach with data requires T^{K∗}_1 (0) = 0.27 ± 0.02. This is about 30% smaller than the typical estimates in QCD sum rules.

In contrast to QCD-F, the pQCD approach is based on the so-called k_⊥- formalism, in which the transverse momenta are treated in the Sudakov formalism. Also, as opposed to the QCD-F approach, in which the form factors are external input, pQCD calculates these form factors yielding the following branching ratios 90:

B(B^0 → K^{∗0}γ) = (3.5^{+1.1}_{−0.8}) × 10^{−5} , B(B^± → K^{∗±}γ) = (3.4^{+1.2}_{−0.9}) × 10^{−5} .

The resulting form factor T^{K∗}_1 (0) = 0.25 ± 0.04 is in agreement with its estimate based on the QCD-F approach and data.

The decays B → (ρ, ω)γ involve in addition to the (short-distance) penguin amplitude also significant long-distance contributions, in particular in the decays B^± → ρ^±γ. In the factorization approximation, typical Annihilation-to-Penguin amplitude ratio is estimated as 91: ϵ_A(ρ^±γ) = 0.30 ± 0.07. O(α_s) corrections to the annihilation amplitude in B^± → ρ^±γ calculated in the leading-twist approximation vanish in the chiral limit 92. Hence, non-factorizing annihilation contributions are likely small which can be tested experimentally in the decays B^± → ℓ^±ν_ℓγ. The annihilation contribution to the decays B^0 → ρ^0γ and B^0 → ωγ is expected to be suppressed (relative to the corresponding amplitdie in B^± → ρ^±γ) due to the electric charges (Q_d/Q_u = −1/2) and the colour factors, and the corresponding A/P ratio for these decays is estimated as ϵ_A(ρ^0γ) ≃ ϵ_A(ωγ) ≃ 0.05.

Theoretical branching ratios for B → (ρ, ω)γ decays can be more reliably calculated in terms of the following ratios 87^,89: R(ρ(ω)γ) ≡ B(B → ρ(ω)γ) B(B → K^∗γ) . (28)

Including the O(α_s) and annihilation contributions 89 R(ρ^±/K^{∗±}) = (3.3 ± 1.0) × 10^{−2} and R(ρ^0/K^{∗0}) ≃ R(ω/K^{∗0}) = (1.6 ± 0.5) × 10^{−2}. Using the well-measured branching ratios B(B → K^∗γ), and varying the CKM parameters in the allowed ranges, one gets the following branching ratios 89: B(B^± → ρ^±γ) = (1.35 ± 0.4) × 10^{−6} and B(B^0 → ρ^0γ) ≃ B(B^0 → ωγ) = (0.65 ± 0.2) × 10^{−6}. To make comparison of the SM with the current data, the following averaged branching ratio is invoked B̄[B → (ρ, ω) γ] ≡ 1 2 { B(B^+ → ρ^+γ) + + τ_B+ τ_B0 [ B(B^0_d → ρ^0γ) + B(B^0_d → ωγ) ] } . In terms of this averaged ratio, the current upper limits (at 90% C.L.) are:

B̄_{exp}[B → (ρ, ω) γ] < 1.4 × 10^{−6} [BELLE] ; R[(ρ, ω)/K^∗] < 0.035; |V_{td}/V_{ts}| < 0.22 , (29) and B̄_{exp}[B → (ρ, ω) γ] < 1.2 × 10^{−6} [BABAR]; R[(ρ, ω)/K^∗] < 0.029; |V_{td}/V_{ts}| < 0.19 . (30)

Constraints from the more stringent BABAR upper limit 93 R[(ρ, ω)/K^∗] < 0.029 on the CKM parameters exclude up to almost 50% of the otherwise allowed parameter space, obtained from the CKMfitter group 94.

3.4 Current bounds on B(B^0_s → μ^+μ^−)

New and improved upper limits have been presented at this conference by CDF and D0 collaborations 3 for the decays B^0_s → μ^+μ^− and B^0_d → μ^+μ^−:

B(B^0_s → μ^+μ^−) < 3.8 [5.8] × 10^{−7} D0[CDF] , B(B^0_d → μ^+μ^−) < 1.5 × 10^{−7} [CDF]. (31)

The CDF and DO upper limits have been combined to yield B(B^0_s → μ^+μ^−) < 2.7 × 10^{−7}, to be compared with the SM predictions 95 B(B^0_{s(d)} → μ^+μ^−) = 3.4×10^{−9}(1.0× 10^{−10}) within ±15% theoretical uncertainty. Hence, currently there is no sensitivity for the SM decay rate. However, as the leptonic branching ratios probe the Higgs sector in beyond-the-SM scenarios, such as supersymmetry, and depend sensitively on tan β, the Tevatron upper limit on B(B^0_{s(d)} → μ^+μ^−) probes the large tan β (say, > 50) parameter space, though the precise constraints are model dependent 96^,97.

4 B → M_1M_2 Decays

Exclusive non-leptonic decays are the hardest nuts to crack in the theory of B-decays! Basically, there are four different theoretical approaches to calculate and/or parameterize the hadronic matrix elements in B → M_1M_2 decays:

1. SU(2)/SU(3) symmetries and phenomenological Ansaetze 98,99,100,101

2. Dynamical approaches based on perturbative QCD, such as the QCD Factorization 85 and the competing pQCD approach 86^,102. These techniques are very popular and have a large following in China as well 103.

3. Charming Penguins 104^,105 using the renomalization group invariant topological approach of Buras and Silvestrini 106.

4. Soft Collinear Effective Theory (SCET), for which several formulations exist. At this conference, SCET and its applications are reviewed by Bauer, Pirjol, and

Stewart 107 to which we refer for detailed discussions.

These approaches will be discussed on the example of the decays B → ππ and B → Kπ for which now there exist enough data to extract the underlying dynamical parameters.

4.1 B → ππ: SM vs. Experiments

There are three dominant topologies in the decays B → ππ termed as Tree (T), Penguin (P) and Color-suppressed (C). In addition, there are several other subdominant topologies which will be neglected in the discussion below. Parameterization of the T, P, and C amplitudes is convention-dependent. In the Gronau-Rosner c-convention 101, these amplitudes can be represented as √ 2 A^{+0} = −|T | e^{iδT} e^{iγ} [ 1 + |C/T | e^{iΔ} ] , A^{+−} = −|T | e^{iδT} [ e^{iγ} + |P/T | e^{iδ} ] , √ 2 A^{00} = −|T | e^{iδT} [ |C/T | e^{iΔ} e^{iγ} − |P/T | e^{iδ} ] . The charged-conjugate amplitudes Ā^{ij} differ by the replacement γ → −γ. There are 5 dy- namical parameters |T |, r ≡ |P/T |, δ, |C/T |, Δ, with δ_T = 0 assumed for the overall phase. Thus, the weak phase γ can be extracted together with other quantities if the complete set of experimental data on B → ππ decays is available, which is not the case at present.

Several isospin bounds have been obtained on the penguin-pollution angle θ (or α_{eff} = α + θ) 108^,109^,110, with the Gronau-London-Sinha-Sinha bound 110 being the strongest. These bounds are useful in constraining the parameters of the B → ππ system and have been used to reduce their allowed ranges. The experimental branching ratios and the CP asymmetries A_{CP}(π^+π^0), A_{CP}(π^+π^−) and A_{CP}(π^0π^0), as well as the value of the coefficient S_π+_π− in time-dependent CP asymmetry have been fitted to determine the various parameters. An updated analysis by Parkhomenko 111 based on the paper 112 yields the following values:

|P/T | = 0.51^{+0.10}_{−0.09}; |C/T | = 1.11^{+0.09}_{−0.10};

δ = (−39.4^{+10.3}_{−9.8} )^∘; Δ = (−55.7^{+13.5}_{−12.5})^∘; γ = (65.3^{+4.7}_{−5.2})^∘.

The range of γ extracted from this analysis is in good agreement with the indirect estimate of the same from the unitarity triangle. However, the strong phases δ and Δ come out large; they are much larger than the predictions of the QCD-F approach 85 with pQCD 86^,102 in better agreement with data, but neither of these approaches provides a good fit of the entire B → ππ data. Similar results and conclusions are obtained by Buras et al. 113 and Pivk 114.

Data on B → ππ decays are in agreement with the phenomenological approach of the so-called charming penguins 105, and with the SCET-based analysis of Bauer et al. 115 which also attributes a dominant role to the charming penguin amplitude. However, a proof of the factorization of the charming penguin amplitude in the SCET approach remains to be provided. In addition, SCET makes a number of predictions in the B → ππ sector, such as the branching ratio B(B^0 → π^0π^0):

B(B^0 → π^0π^0) | | | |_{γ=64∘}= (1.3 ± 0.6) × 10^{−6} , (32) which is in agreement with the current experimental world average 1^,2

B̄(B^0 → π^0π^0) = (1.51 ± 0.28) × 10^{−6} . (33)

In contrast, predictions of the QCD-F and pQCD approaches are rather similar: B(B^0 → π^0π^0) ∼ 0.3 × 10^{−6}, in substantial disagreement with the data.

4.2 B → Kπ: SM vs. Experiments

The final topic covered in this talk is the B → Kπ decays. First, we note that the direct CPasymmetry in the B → Kπ decays has now

For Publisher’s use

been measured by the BABAR and BELLE collaboration:

A_{CP}(π^+K^−) =

(−10.1 ± 2.5 ± 0.5)% [BELLE], (−13.3 ± 3.0 ± 0.9)% [BABAR] ,(34) to be compared with the predictions of the two factorizationbased approaches: A_{CP}(π^+K^−) = (−12.9 ∼ −21.9)% [pQCD] 86^,102 and A_{CP}(π^+K^−) = (−5.4 ∼ +13.6)% [QCD − F] 85, with the latter falling short of a satisfactory description of data.

The charged and neutral B → πK decays have received a lot of theoretical attention. In particular, many ratios involving these decays have been proposed to test the SM 116^,117^,118^,119 and extract useful bounds on the angle γ, starting from the Fleischer-Mannel bound 116 sin^2 γ ≤ R, where the ratio R is defined as follows: R ≡ τ_B+ τ_B0_d

B(B^0_d → π^−K^+) + B(B^0_d → π^+K^−) B(B^+ → π^+K^0) + B(B^− → π^−K̄^0) . (35) The current experimental average R = 0.820 ± 0.056 allows to put a bound: γ < 75^∘ (at 95% C.L.). This is in comfortable agreement with the determination of γ from the B → ππ decays, given earlier, and the indirect unitarity constraints. Thus, both R and A_{CP}(π^+K^−) are in agreement with the SM. The same is the situation with the Lipkin sum rule 118:

R_L ≡ 2

Γ(B^+ → K^+π^0) + Γ(B^0 → K^0π^0) Γ(B^+ → K^0π^+) + Γ(B^0 → K^+π^−)

= 1 + O(

P_{EW} + T P )^2 ; (36)

implying significant electroweak penguin contribution in case R_L deviates significantly from 1. With the current experimental average R_L = 1.123 ± 0.070, this is obviously not the case. This leaves then the two other ratios R_c and R_n involving the B → πK decays of B^± and B^0 mesons:

R_c ≡ 2

[ B(B^± → π^0K^±) B(B^± → π^±K^0) ] ,

R_n ≡ 1 2 [ B(B_d → π^∓K^±) B(B_d → π^0K^0) ] . (37)

Their experimental values R_c = 1.004±0.084 and R_n = 0.789 ± 0.075 are to be compared with the current SM-based estimates 113 R_c = 1.14 ± 0.05 and R_n = 1.11^{+0.04}_{−0.05}. This implies R_c(SM) − R_c(Exp) = 0.14 ± 0.10 and R_n(SM) − R_n(Exp) = −0.32 ± 0.09. We conclude tentatively that SM is in agreement with the measurement of R_c, but falls short of data in R_n by about 3.5σ. Possible deviations from the SM, if confirmed, would imply new physics, advocated in this context, in particular, by Yoshikawa 120, Beneke and Neubert 121 and Buras et al. 113

Finally, a bound on B(B^0 → K^0K^0) based on SU (3) and B → ππ data, obtained recently by Fleischer and Recksiegel 122, yielding B(B^0 → K^0K^0) < 1.5 × 10^{−6} is well satisfied by the current measurements 1^,2 B(B^0 → K^0K^0) = (1.19±0.38±0.13)×10^{−6}.

5 Summary

Dedicated experiments and progress in heavy quark expansion techniques have enabled precise determination of the CKM matrix elements entering in the unitarity triangle (1). In particular, |V_{cb}| is now determined quite precisely:^{δ|Vcb |}_{|Vcb |} ∼ 2% comparable to^{δ|Vus|}_{|Vus|} . Current precision on |V_{ub}| from inclusive decays is about 10% and a factor 2 worse for the exclusive decays. There are several theoretical proposals to improve the knowledge of |V_{ub}| requiring lot more data from the B factories which will be available in the near future.

The decay B → X_sγ, which serves as the standard candle in the FCNC B-decays, is in agreement with the SM with the current precision on the branching fraction at about 10%. A major theoretical effort is under way to complete the NNLO calculations in B → X_sγ; at the same time digging deeper brings to the fore new hadronic uncertainties which will have to be controlled to reach the goal of 5% theory precision in

B(B → X_sγ). Improved and new measurements in B → X_sℓ^+ℓ^− have been reported including a first shot at the forward-backward asymmetry in B → K^∗ℓ^+ℓ^−. Data in the electroweak b → sℓ^+ℓ^− sector is in agreement with the SM and this rapport will be tested with greatly improved precision in the future. Current upper limit on B(B_s → μ^+μ^−) from CDF/D0 probes interesting SUSY parameter space, impacting on the large-tan β regime of SUSY.

Concerning non-leptonics, the largest current discrepancy between the data and the SM is in the decays involving QCD penguins. These include CP violation in the b → ss̄s penguins, where data show a deviation of about 3 σ from the SM 1^,2. Also the ratio R_n in the B → Kπ decays is out of line with the SM-estimates by slightly more than 3 σ. These deviations are not yet significant enough to announce physics beyond the SM; neither can they be wished away. Experimental evidence is now mounting that not only are the weak phases α, β, γ large, as anticipated in the SM, but so also are the strong (QCD) phases, unlikely to be generated by perturbative QCD alone. In addition, color-suppressed decays are not parametrically suppressed, as opposed to their estimates in the QCD-F and pQCD approaches. SCET– the emerging QCD technology – holds the promise to provide a better theoretical description of non-leptonics than existing methods. We look forward to theoretical developments as well as to new and exciting data from the ongoing and planned experiments at the B factories and hadron colliders.

Acknowledgments I would like to thank Christian Bauer, Geoffrey Berryhill, Andrzej Buras, Thorsten Feldmann, Robert Fleischer, Paolo Gambino, Christoph Greub, Yong-Yeon Keum, Alexander Khodjamirian, Hsiang-nan Li, Harry Lipkin, Cai-Dian Lu, Vera Lüth, Enrico Lunghi, Thomas Mannel, Mikihiko Nakao, Matthias

Neubert, Jan Olsson, Dmitri Ozerov, Alexander Parkhomenko, and Kolya Uraltsev for many discussions and valuable input. I also thank my wife Lyuba Vasilevskaya for her help with the preparation of this talk and her support.

References

1. Y. Sakai (these proceedings). 2. M. Giorgi (these proceedings). 3. M. Herndon, these proceedings. 4. D. Denisov (these proceedings). 5. V. Patera (these proceedings). 6. N. Cabibbo, Phys. Rev. Lett. 10 (1963) 531.

7. M. Kobayashi and T. Maskawa, Prog.

Theor. Phys. 49 (1973) 652.

8. For a recent review, see A. Ali, KEK- Preprint 2003-106 [hep-ph/0312303].

9. S. Eidelman et al. (Particle Data Group), Phys. Lett. 592 (2004) 1.

10. Z. Ligeti (these proceedings). 11. I. Shipsey (these proceedings). 12. S. Hashimoto (these proceedings). 13. L. Wolfenstein, Phys. Rev. Lett. 51, 1945 (1983).

14. A. J. Buras, M. E. Lautenbacher and G. Ostermaier, Phys. Rev. D 50, 3433 (1994) [hep-ph/9403384].

15. See, for example, A. V. Manohar and M. B. Wise, Cambridge Monogr. Part. Phys. Nucl. Phys. Cosmol. 10 (2000) 1.

16. J. Chay, H. Georgi, and B. Grinstein, Phys. Lett. B247 (1990) 399; M. Voloshin and M. Shifman, Sov. J. Nucl. Phys. 41 (1985) 120.

17. I.I. Bigi et al., Phys. Lett. B293 (1992) 430; Phys. Lett B297 (1993) 477 (E); Phys. Rev. Lett. 71 (1993) 496.

18. A.V. Manohar and M.B. Wise, Phys.

Rev. D49 (1994) 1310.

19. B. Blok, L. Koyrakh, M. A. Shifman and A. I. Vainshtein, Phys. Rev. D 49, 3356 (1994); Phys. Rev. D 50, 3572 (1994) (E) [hep-ph/9307247].

20. T. Mannel , Nucl. Phys. B 413, 396 (1994) [hep-ph/9308262].

21. C. W. Bauer, Z. Ligeti, M. Luke, A. V. Manohar and M. Trott, Phys. Rev. D 70, 094017 (2004) [hep-ph/0408002].

22. P. Gambino and N. Uraltsev, Eur. Phys.

J. C 34, 181 (2004) [hep-ph/0401063]. 23. V. Lüth (these proceedings).

24. B. Aubert et al. [BABAR Collaboration], Phys. Rev. D 69, 111104 (2004) [hep-ex/0403030].

25. B. Aubert et al. [BABAR Collaboration], Phys. Rev. D 69, 111103 (2004) [hep-ex/0403031].

26. K. Abe et al. [BELLE Collaboration], BELLE-CONF-0474 [hep-ex/0409015].

27. K. Abe et al. [BELLE Collaboration], BELLE-CONF-0426 [hep-ex/0408139].

28. CDF collaboration, CDF Note: 6973 (2004).

29. A. H. Mahmood et al. [CLEO Collaboration], Phys. Rev. D 67, 072001 (2003) [hep-ex/0212051].

30. A. H. Mahmood et al. [CLEO Collaboration], Phys. Rev. D 70, 032003 (2004) [hep-ex/0403053].

31. DELPHI Collaboration, DELPHI Note:

2003-028CONF-648.

32. N. Isgur and M. B. Wise, Phys. Lett. B 232, 113 (1989). Phys. Lett. B 237, 527 (1990).

33. M. E. Luke, Phys. Lett. B 252, 447 (1990).

34. J. D. Bjorken, SLAC-PUB-5278 Talk given at Les Rencontre de la Valle d’Aoste, La Thuile, Italy, Mar 18-24, 1990.

35. N. Uraltsev, Phys. Lett. B 501, 86 (2001) [hep-ph/0011124]; J. Phys. G 27, 1081 (2001) [hep-ph/0012336].

36. F. Jugeau, A. Le Yaouanc, L. Oliver and J. C. Raynal, Report LPT-ORSAY-04- 20 [hep-ph/0407176].

37. L. Oliver (these proceedings). 38. Heavy Flavor Averaging Group [HFAG]:

http://www.slac.stanford.edu/xorg/hfag/. 39. J. P. Archambault and A. Czarnecki, Phys. Rev. D 70, 074016 (2004) [hepph/0408021].

40. The BABAR Physics Book, SLAC-R- 0504, P.F. Harrison and H.R. Quin (eds.).

41. S. Hashimoto, A. S. Kronfeld, P. B. Mackenzie, S. M. Ryan and J. N. Simone, Phys. Rev. D 66, 014503 (2002) [hep-ph/0110253].

42. M. Luke, eConf C0304052, WG107 (2003) [hep-ph/0307378].

43. M. Neubert, Phys. Rev. D49 (1994) 3392; D49 (1994) 4623; T. Mannel and M. Neubert, Phys. Rev. D50 (1994) 2037; I.I. Bigi et al., Int. J. Mod. Phys. A9 (1994) 2467.

44. A. K. Leibovich, I. Low and I. Z. Rothstein, Phys. Rev. D 61, 053006 (2000) [hep-ph/9909404]; Phys. Lett. B 486, 86 (2000) [hep-ph/0005124]; Phys. Lett. B 513, 83 (2001) [hep-ph/0105066].

45. M. Neubert, Phys. Lett. B 513, 88 (2001) [hep-ph/0104280].

46. C. W. Bauer, M. E. Luke and T. Mannel, Phys. Rev. D 68, 094001 (2003) [hepph/0102089].

47. G. P. Korchemsky and G. Sterman, Phys. Lett. B 340, 96 (1994) [hepph/9407344].

48. I. I. Y. Bigi and N. G. Uraltsev, Nucl. Phys. B 423, 33 (1994) [hepph/9310285].

49. M. B. Voloshin, Phys. Lett. B 515, 74 (2001) [hep-ph/0106040].

50. F. De Fazio and M. Neubert, JHEP 9906, 017 (1999) [hep-ph/9905351].

51. K. Abe et al. [BELLE Collaboration], BELLE-CONF-0427 [hep-ex/0408145].

52. A. Limosani and T. Nozaki [Heavy Flavor Averaging Group Collaboration], [hep-ex/0407052].

53. B. Aubert et al. [BABAR Collaboration], [hep-ex/0408068]; D.del Re (these proceedings).

54. S. W. Bosch, B. O. Lange, M. Neubert and G. Paz, Nucl. Phys. B 699, 335 (2004) [hep-ph/0402094]; [hepph/0403223].

55. See, for a recent review, P. Colangelo and A. Khodjamirian, [hep-ph/0010175].

56. D. Becirevic, in Proceedings of the Flavor Physics and CP Violation Conference (FPCP 2003), Paris, France, June 3-6, 2003.

57. T. Iijima (these proceedings). 58. B. Grinstein (these proceedings). 59. B. Grinstein and D. Pirjol, [hepph/0404250].

60. A. Ali and M. Misiak, ”Radiative Rare B Decays”, in The CKM Matrix and the Unitarity Triangle, edited by M. Battaglia et al., CERN-2003, p.230, hepph/0304132.

61. C. Bobek, M. Misiak and J. Urban, Nucl. Phys. B 574, 291 (2000) [hepph/9910220].

62. M. Misiak and M. Steinhauser, Nucl. Phys. B 683, 277 (2004) [hep-ph/0401041].

63. K. G. Chetyrkin, M. Misiak and M. Münz, Phys. Lett. B 400, 206 (1997) [Erratum-ibid. B 425, 414 (1998)] [hepph/9612313].

64. C. Greub, T. Hurth and D. Wyler, Phys. Rev. D 54, 3350 (1996) [hepph/9603404].

65. K. Bieri, C. Greub and M. Steinhauser, Phys. Rev. D 67, 114019 (2003) [hepph/0302051].

66. P. Gambino and M. Misiak, Nucl. Phys.

B 611 (2001) 338 [hep-ph/0104034]. 67. A. Ali and C. Greub, Z. Phys. C 49, 431 (1991); Phys. Lett. B 361, 146 (1995) [hep-ph/9506374]; N. Pott, Phys. Rev. D 54, 938 (1996) [hep-ph/9512252].

68. A.J. Buras, A. Czarnecki, M. Misiak and J. Urban, Nucl. Phys. B 631 (2002) 219 [hep-ph/0203135].

69. M. Neubert, hep-ph/0408179. 70. A. Ali, E. Lunghi, C. Greub and G. Hiller, Phys. Rev. D 66, 034002 (2002) [hep-ph/0112300].

71. H. H. Asatryan, H. M. Asatrian,

C. Greub and M. Walker, Phys. Rev. D 65, 074004 (2002) [hep-ph/0109140]. H. H. Asatrian, H. M. Asatrian, C. Greub and M. Walker, Phys. Lett. B 507, 162 (2001) [hep-ph/0103087].

72. A. Ghinculov, T. Hurth, G. Isidori and Y. P. Yao, Nucl. Phys. B 685, 351 (2004) [hep-ph/0312128].

73. C. Bobeth, P. Gambino, M. Gorbahn and U. Haisch, [hep-ph/0312090].

74. A. Ali, G. F. Giudice and T. Mannel, Z. Phys. C 67, 417 (1995) [hepph/9408213].

75. G. Hiller and F. Krüger, Phys. Rev. D 69, 074020 (2004) [hep-ph/0310219].

76. P. Gambino, U. Haisch and M. Misiak, [hep-ph/0410155].

77. A. Ali, P. Ball, L. T. Handoko and G. Hiller, Phys. Rev. D 61, 074024 (2000) [hep-ph/9910221].

78. A. Ali, T. Mannel and T. Morozumi, Phys. Lett. B 273, 505 (1991).

79. A. Ghinculov, T. Hurth, G. Isidori and Y. P. Yao, Nucl. Phys. B 648, 254 (2003) [hep-ph/0208088].

80. H. M. Asatrian, K. Bieri, C. Greub and A. Hovhannisyan, Phys. Rev. D 66, 094013 (2002) [hep-ph/0209006].

81. G. Burdman, Phys. Rev. D 57, 4254 (1998) [hep-ph/9710550].

82. M. Beneke and T. Feldmann, Nucl.

Phys. B 592, 3 (2001) [hep-ph/0008255]. 83. M. Beneke, T. Feldmann and D. Seidel, Nucl. Phys. B 612 (2001) 25 [hepph/0106067].

84. K. S. M. Lee and I. W. Stewart, [hepph/0409045].

85. M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Phys. Rev. Lett. 83 (1999) 1914 [hep-ph/9905312]; Nucl. Phys. B 606, 245 (2001) [hepph/0104110].

86. Y. Y. Keum, H. n. Li and A. I. Sanda, Phys.

Lett. B 504, 6 (2001) [hep-ph/0004004]; Y. Y. Keum and A. I. Sanda, Phys. Rev.

D 67, 054009 (2003) [hep-ph/0209014]. 87. A. Ali and A. Y. Parkhomenko, Eur.

Phys. J. C 23, 89 (2002) [hepph/0105302].

88. S. W. Bosch and G. Buchalla, Nucl.

Phys. B 621 (2002) 459 [hep-ph/01060]. 89. A. Ali, E. Lunghi and A. Y. Parkhomenko, Phys. Lett. B 595, 323 (2004) [hep-ph/0405075].

90. Y. Y. Keum, M. Matsumori and A. I. Sanda, [hep-ph/0406055].

91. A. Ali and V. M. Braun, Phys. Lett. B 359, 223 (1995) [hep-ph/9506248].

92. B. Grinstein and D. Pirjol, Phys. Rev. D 62, 093002 (2000) [hep-ph/0002216].

93. J. Berryhill [BABAR Collaboration] (these proceedings).

94. A. Hocker, H. Lacker, S. Laplace and F. Le Diberder, Eur. Phys. J. C 21, 225 (2001) [hep-ph/0104062].

CKMFitter Working Group, http://ckmfitter.in2p3.fr 95. G. Buchalla and A. J. Buras, Nucl. Phys.

B 400, 225 (1993); ibid. 548, 309 (1999) [hep-ph/9901288]; M. Misiak and J. Urban, Phys. Lett. B 451, 161 (1999) [hepph/9901278]; A. J. Buras, Phys. Lett. B 566, 115 (2003) [hep-ph/0303060].

96. R. Dermisek, S. Raby, L. Roszkowski and R. Ruiz De Austri, JHEP 0304, 037 (2003) [hep-ph/0304101].

97. J. R. Ellis, S. Heinemeyer, K. A. Olive and G. Weiglein, [hep-ph/0411216].

98. M. Gronau and D. London, Phys. Rev.

Lett. 65, 3381 (1990).

99. A. J. Buras and R. Fleischer, Phys. Lett.

B 341, 379 (1995) [hep-ph/9409244]. 100. N. G. Deshpande and X. G. He, Phys.

Rev. Lett. 74 (1995) 26 [Erratumibid. 74 (1995) 4099] [hep-ph/9408404]. M. Gronau, O. F. Hernandez, D. London and J. L. Rosner, Phys. Rev. D 52, 6374 (1995) [hep-ph/9504327].

101. M. Gronau and J. L. Rosner, Phys.

Rev. D 66, 053003 (2002) [Erratum-ibid. D 66, 119901 (2002)] [hep-ph/0205323].

102. H.-n. Li (these proceedings). 103. See, for example, the report of a recent workshop in Dalian, China, C. H. Chang et al., [hep-ph/0410272].

104. M. Ciuchini, E. Franco, G. Martinelli, M. Pierini and L. Silvestrini, Phys. Lett. B 515, 33 (2001) [hep-ph/0104126].

105. M. Pierini (these proceedings). 106. A. J. Buras and L. Silvestrini, Nucl.

Phys. B 569, 3 (2000) [hep-ph/9812392]. 107. C. Bauer; D. Pirjol; I. Stewart (these proceedings).

108. Y. Grossman and H. R. Quinn, Phys. Rev. D 58, 017504 (1998) [hepph/9712306].

109. J. Charles, Phys. Rev. D 59, 054007 (1999) [hep-ph/9806468].

110. M. Gronau, D. London, N. Sinha and R. Sinha, Phys. Lett. B 514, 315 (2001) [hep-ph/0105308].

111. A. Parkhomenko (these proceedings). 112. A. Ali, E. Lunghi and A. Y. Parkhomenko, Eur. Phys. J. C 36, 183 (2004). [hep-ph/0403275].

113. A. J. Buras, R. Fleischer, S. Recksiegel and F. Schwab, [hep-ph/0410407]; Nucl. Phys. B 697, 133 (2004) [hepph/0402112]; Phys. Rev. Lett. 92, 101804 (2004) [hep-ph/0312259].

114. M. Pivk (these proceedings). 115. C. W. Bauer, D. Pirjol, I. Z. Rothstein and I. W. Stewart, Phys. Rev. D 70, 054015 (2004) [hep-ph/0401188].

116. R. Fleischer and T. Mannel, Phys. Rev.

D 57, 2752 (1998) [hep-ph/9704423]. 117. M. Neubert and J. L. Rosner, Phys.

Rev. Lett. 81, 5076 (1998) [hepph/9809311]; Phys. Lett. B 441, 403 (1998) [hep-ph/9808493].

118. H. J. Lipkin, Phys. Lett. B 445, 403 (1999) [hep-ph/9810351].

119. A. J. Buras and R. Fleischer, Eur.

Phys. J. C 16, 97 (2000) [hepph/0003323]; Eur. Phys. J. C 11, 93 (1999) [hep-ph/9810260].

120. T. Yoshikawa, Phys. Rev. D 68,

054023 (2003) [hep-ph/0306147]; [hepph/0312097].

121. M. Beneke and M. Neubert, Nucl. Phys.

B 675, 333 (2003). [hep-ph/0308039]. 122. R. Fleischer and S. Recksiegel, [hepph/0408016].