arXiv:hep-ph/0702152v2 9 Mar 2007

Flavour Physics in the Littlest Higgs Model with T-Parity

Contribution to the proceedings of HQL06, Munich, October 16th-20th 2006

Cecilia Tarantino Physik Department, Technische Universität München, D-85748 Garching, Germany

Abstract

We present the results of an extensive analysis of flavour physics in both quark and lepton sectors, in the Littlest Higgs model with T-parity (LHT). In the quark sector, we identify some interesting scenarios for new mirror quark masses and V_{Hd} mixing matrix that satisfy the existing experimental constraints from K and B physics and simultaneously allow large New Physics effects in rare decays and CP-violating observables. In the lepton sector, where flavour violation in the Standard Model is highly suppressed by small neutrino masses, LHT effects turn out to be naturally huge and could be seen in the near future measurements of lepton flavour violating decays.

1 The LHT Model

The Standard Model (SM) is in excellent agreement with the results of particle physics experiments, in particular with the electroweak (ew) precision measurements, thus suggesting that the SM cutoff scale is at least as large as 10 TeV. Having such a relatively high cutoff, however, the SM requires an unsatisfactory fine-tuning to yield a correct (≈ 10^2 GeV) scale for the squared Higgs mass, whose corrections are quadratic and therefore highly sensitive to the cutoff. This little hierarchy problem has been one of the main motivations to elaborate models of physics beyond the SM. While Supersymmetry is at present the leading candidate, different proposals have been formulated more recently. Among them, Little Higgs models play an important role, being perturbatively computable up to about 10 TeV and with a rather small number of parameters, although their predictivity can be weakened by a certain sensitivity to the unknown ultra-violet (UV) completion of these models.

In Little Higgs models[1] the Higgs is naturally light as it is identified with a Nambu-Goldstone boson (NGB) of a spontaneously broken global symmetry.

An exact NGB, however, would have only derivative interactions. Gauge and Yukawa interactions of the Higgs have to be incorporated. This can be done without generating quadratically divergent one-loop contributions to the Higgs mass, through the so-called collective symmetry breaking. Collective symmetry breaking (SB) has the peculiarity of generating the Higgs mass only when two or more couplings in the Lagrangian are non-vanishing, thus avoiding one-loop quadratic divergences. This mechanism is diagrammatically realized through the contributions of new particles with masses around 1 TeV, that cancel the SM quadratic divergences.

The most economical, in matter content, Little Higgs model is the Littlest Higgs (LH)[2], where the global group SU(5) is spontaneously broken into SO(5) at the scale f ≈ O(1 TeV) and the ew sector of the SM is embedded in an SU(5)/SO(5) non-linear sigma model. Gauge and Yukawa Higgs interactions are introduced by gauging the subgroup of SU(5): [SU(2) × U(1)]_1 × [SU(2) × U(1)]_2, with gauge couplings respectively equal to g_1, g^′_1, g_2, g^′_2. The key feature for the realization of collective SB is that the two gauge factors commute with a different SU(3) global symmetry subgroup of SU(5), that prevents the Higgs from becoming massive when the couplings of one of the two gauge factors vanish. Consequently, quadratic corrections to the squared Higgs mass involve two couplings and cannot appear at one-loop. In the LH model, the new particles appearing at the TeV scales are the heavy gauge bosons (W^±_H , Z_H , A_H ) the heavy top (T ) and the scalar triplet Φ.

In the LH model, significant corrections to ew observables come from treelevel heavy gauge boson contributions and the triplet vacuum expectation value (vev) which breaks the custodial SU(2) symmetry. Consequently, ew precision tests are satisfied only for quite large values of the New Physics (NP) scale f ≥ 2 − 3 TeV[3, 4], unable to solve the little hierarchy problem. Motivated by reconciling the LH model with ew precision tests, Cheng and Low[5] proposed to enlarge the symmetry structure of the theory by introducing a discrete symmetry called T-parity. T-parity acts as an automorphism which exchanges the [SU(2) × U(1)]_1 and [SU(2) × U(1)]_2 gauge factors. The invariance of the theory under this automorphism implies g_1 = g_2 and g^′_1 = g^′_2. Furthermore, Tparity explicitly forbids the tree-level contributions of heavy gauge bosons and the interactions that induced the triplet vev. The custodial SU(2) symmetry is restored and the compatibility with ew precision data is obtained already for smaller values of the NP scale, f ≥ 500 GeV[6]. Another important consequence is that particle fields are T-even or T-odd under T-parity. The SM particles and the heavy top T_+ are T-even, while the heavy gauge bosons W^±_H , Z_H , A_H and the scalar triplet Φ are T-odd. Additional T-odd particles are required by T-parity: the odd heavy top T_− and the so-called mirror fermions, i.e., fermions corresponding to the SM ones but with opposite T-parity and O(1 TeV) mass. Mirror fermions are characterized by new flavour interactions with SM fermions and heavy gauge bosons, which involve two new unitary mixing matrices, in the quark sector, analogous to the Cabibbo-Kobayashi-Maskawa (CKM) matrix V_{CKM} [7]. They are V_{Hd} and V_{Hu}, respectively involved when the SM quark is of down- or up-type, and satisfying V^†_{Hu}V_{Hd} = V_{CKM} [8]. Similarly, two new mixing matrices, V_{Hℓ} and V_{Hν} , appear in the lepton sector, respectively involved when the SM lepton is charged or a neutrino and related to the PMNS matrix [9] through V^†_{Hν} V_{Hℓ} = V^†_{P MNS}. Both V_{Hd} and V_{Hℓ} contain 3 angles, like V_{CKM} and V_{P MNS}, but 3 (non-Majorana) phases [10], i.e. two additional phases relative to the SM matrices, that cannot be rotated away in this case.

Because of these new mixing matrices, the LHT model does not belong to the Minimal Flavour Violation (MFV) class of models [11, 12] and significant effects in flavour observables are possible. Other LHT peculiarities are the rather small number of new particles and parameters (the SB scale f, the parameter x_L describing T_+ mass and interactions, the mirror fermion masses and V_{Hd} and V_{Hℓ} parameters) and the absence of new operators in addition to the SM ones. On the other hand, one has to recall that Little Higgs models are low energy non-linear sigma models, whose unknown UV-completion introduces a theoretical uncertainty reflected by a left-over logarithmic cut-off dependence [13, 14] in ΔF = 1 processes.

2 LHT Flavour Analysis

Several studies of flavour physics in the LH model without T-parity have been performed in the last four years [13, 15]. Without T-parity, mirror fermions and new sources of flavour and CP-violation are absent, the LH model is a MFV model and NP contributions result to be very small.

More recently, flavour physics analyses have been also performed in the LHT model, for both quark [8, 14, 16] and lepton sectors [17, 18]. In this model, new mirror fermion interactions can yield large NP effects, mainly in K and B rare and CP-violating decays and in lepton flavour violating decays.

2.1 LHT Analysis in the Quark Sector

In [14, 16] we have studied in the LHT model B and K meson mixings, CPviolation, rare decays and the radiative decay B → X_sγ. We have imposed well known experimental constraints and estimated LHT effects in those observables that are not yet measured or still very uncertain. We have considered several scenarios for the structure of the V_{Hd} matrix and the mass spectrum of mirror quarks in order to gain a global view over possible LHT signatures. The parameters f and x_L have been fixed to f = 1 TeV and x_L = 0.5 in accordance with ew precision tests [6]. The CKM parameters entering the analysis have been taken from tree level decays only, where NP effects can be neglected. In order to simplify the numerical analysis we have set all non-perturbative parameters to their central values, while allowing ΔM_K , ε_K , ΔM_d, ΔM_s, ΔM_s/ΔM_d and

Figure 1: Br(K_L → π^0νν) as a function of Br(K^+ → π^+νν). The shaded area represents the experimental 1σ-range for Br(K^+ → π^+νν). The model-independent Grossman-Nir bound [19] is displayed by the dotted line, while the solid line separates the two areas where Br(K_L → π^0νν) is larger or smaller than Br(K^+ → π^+νν).

S_{ψKS} to differ from their experimental values by ±50%, ±40%, ±40%, ±40%, ±20% and ±8%, respectively. This rather conservative choice guarantees that important effects are not missed.

Two interesting scenarios have been identified. In the first one (B-scenario) large enhancements in B physics are possible, while in the second one (Kscenario) important effects appear in K observables. They are both characterized by the quasi-degeneracy of the first two mirror quark generations (m_{H1} ≃ m_{H2} ≃ 500 GeV, m_{H3} ≃ 1000 GeV), as required by ΔM_K and ε_K constraints. The new mixing angles in V_{Hd} are chosen to satisfy the hierarchy s^d_{23} ≪ s^d_{13} ≤ s^d_{12} in B-scenario and the hierarchy s^d_{23} ≃ s^d_{13} < s^d_{12} = 1/ √ 2 in K-scenario. Moreover, the two additional phases of V_{Hd}, whose impact is numerically small, have been set to zero. In addition, in order to explore all possible LHT effects, we have performed a general scan over mirror quark masses and V_{Hd} parameters. In the following scatter plots, B- and K-scenarios and general scan are respectively displayed as green, brown and blue points, while red points correspond to a less general scan over V_{Hd} parameters at fixed mirror masses (m_{H1} = 400 GeV, m_{H2} = 500 GeV, m_{H3} = 600 GeV).

The main results of our LHT analysis [14, 16] in the quark sector are:

• The most evident departures from the SM predictions are found for CPviolating observables that are strongly suppressed in the SM. These are the branching ratio for K_L → π^0νν (Fig. 1) and the CP-asymmetry S_{ψϕ}, that can be enhanced by an order of magnitude relative to the SM predictions.

Figure 2: Br(K_L → π^0μ^+μ^−) as a function of Br(K_L → π^0e^+e^−).

Large departures from SM expectations are also possible for Br(K_L → π^0ℓ^+ℓ^−) (Fig. 2), Br(K^+ → π^+νν) (Fig. 1) and the semileptonic CPasymmetry A^s_{SL}, that can be enhanced by an order of magnitude w.r.t the SM. • The branching ratios for B_{s,d} → μ^+μ^− and B → X_{s,d}νν, instead, are modified by at most 50% and 35%, respectively, and the effects of new electroweak penguins in B → πK are small, in agreement with the recent data. The new physics effects in B → X_{s,d}γ and B → X_{s,d}ℓ^+ℓ^− turn out to be below 5% and 15%, respectively, so that agreement with the data can easily be obtained.

• Small, but still significant effects have been found in B_{s,d} mass differences.

In particular, a 7% suppression of ΔM_s is possible, thus improving the compatibility with the recent experimental measurement [20].

• The possible “discrepancy” [21, 22, 23] between the values of sin 2β following directly from A_{CP}(B_d → ψK_S ) and indirectly from the analysis of the unitarity triangle involving only tree-level processes, and in particular |V_{ub}|, can be cured within the LHT model thanks to a new phase φ_{Bd} ≃ −5^o. • The universality of new physics effects, characteristic for MFV models, can be largely broken, in particular between K and B_{s,d} systems. NP effects, in fact, are typically larger in K system where the SM contribution is CKM-suppressed. In particular, sizable departures from MFV relations between ΔM_{s,d} and Br(B_{s,d} → μ^+μ^−) and between S_{ψKS} and the K → πνν decay rates are possible.

decay f = 1000 GeV f = 500 GeV exp. upper bound μ → eγ 1.2 · 10^{−11} (1 · 10^{−11}) 1.2 · 10^{−11} (1 · 10^{−11}) 1.2 · 10^{−11} [24] μ^− → e^−e^+e^− 1.0 · 10^{−12} (1 · 10^{−12}) 1.0 · 10^{−12} (1 · 10^{−12}) 1.0 · 10^{−12} [25] μTi → eTi 2 · 10^{−10} (5 · 10^{−12}) 4 · 10^{−11} (5 · 10^{−12}) 4.3 · 10^{−12} [26] τ → eγ 8 · 10^{−10} (7 · 10^{−10}) 1 · 10^{−8} (1 · 10^{−8}) 9.4 · 10^{−8} [27] τ → μγ 8 · 10^{−10} (8 · 10^{−10}) 2 · 10^{−8} (1 · 10^{−8}) 1.6 · 10^{−8} [27] τ^− → e^−e^+e^− 7 · 10^{−10} (6 · 10^{−10}) 2 · 10^{−8} (2 · 10^{−8}) 2.0 · 10^{−7} [28] τ^− → μ^−μ^+μ^− 7 · 10^{−10} (6 · 10^{−10}) 3 · 10^{−8} (3 · 10^{−8}) 1.9 · 10^{−7} [28] τ^− → e^−μ^+μ^− 5 · 10^{−10} (5 · 10^{−10}) 2 · 10^{−8} (2 · 10^{−8}) 2.0 · 10^{−7} [29] τ^− → μ^−e^+e^− 5 · 10^{−10} (5 · 10^{−10}) 2 · 10^{−8} (2 · 10^{−8}) 1.9 · 10^{−7} [29] τ^− → μ^−e^+μ^− 5 · 10^{−14} (3 · 10^{−14}) 2 · 10^{−14} (2 · 10^{−14}) 1.3 · 10^{−7} [28] τ^− → e^−μ^+e^− 5 · 10^{−14} (3 · 10^{−14}) 2 · 10^{−14} (2 · 10^{−14}) 1.1 · 10^{−7} [28] τ → μπ 2 · 10^{−9} (2 · 10^{−9}) 5.8 · 10^{−8} (5.8 · 10^{−8}) 5.8 · 10^{−8} [27] τ → eπ 2 · 10^{−9} (2 · 10^{−9}) 4.4 · 10^{−8} (4.4 · 10^{−8}) 4.4 · 10^{−8} [27] τ → μη 6 · 10^{−10} (6 · 10^{−10}) 2 · 10^{−8} (2 · 10^{−8}) 5.1 · 10^{−8} [27] τ → eη 6 · 10^{−10} (6 · 10^{−10}) 2 · 10^{−8} (2 · 10^{−8}) 4.5 · 10^{−8} [27] τ → μη^′ 7 · 10^{−10} (7 · 10^{−10}) 3 · 10^{−8} (3 · 10^{−8}) 5.3 · 10^{−8} [27] τ → eη^′ 7 · 10^{−10} (7 · 10^{−10}) 3 · 10^{−8} (3 · 10^{−8}) 9.0 · 10^{−8} [27] K_L → μe 4 · 10^{−13} (2 · 10^{−13}) 3 · 10^{−14} (3 · 10^{−14}) 4.7 · 10^{−12} [30] K_L → π^0μe 4 · 10^{−15} (2 · 10^{−15}) 5 · 10^{−16} (5 · 10^{−16}) 6.2 · 10^{−9} [31] B_d → μe 5 · 10^{−16} (2 · 10^{−16}) 9 · 10^{−17} (9 · 10^{−17}) 1.7 · 10^{−7} [32] B_s → μe 5 · 10^{−15} (2 · 10^{−15}) 9 · 10^{−16} (9 · 10^{−16}) 6.1 · 10^{−6} [33] B_d → τe 3 · 10^{−11} (2 · 10^{−11}) 2 · 10^{−10} (2 · 10^{−10}) 1.1 · 10^{−4} [34] B_s → τe 2 · 10^{−10} (2 · 10^{−10}) 2 · 10^{−9} (2 · 10^{−9}) — B_d → τμ 3 · 10^{−11} (3 · 10^{−11}) 3 · 10^{−10} (3 · 10^{−10}) 3.8 · 10^{−5} [34] B_s → τμ 2 · 10^{−10} (2 · 10^{−10}) 3 · 10^{−9} (3 · 10^{−9}) —

Table 1: Upper bounds on LFV decay branching ratios in the LHT model, for two different values of the scale f, after imposing the constraints on μ → eγ and μ^− → e^−e^+e^−. The numbers given in brackets are obtained after imposing the additional constraint R(μTi → eTi) < 5·10^{−12}. For f = 500 GeV, also the bounds on τ → μπ, eπ have been included. The current experimental upper bounds are also given.

2.2 LHT Analysis in the Lepton Sector

In contrast to rare K and B decays, where the SM contributions play an important and often dominant role in the LHT model, the smallness of ordinary neutrino masses assures that mirror fermion contributions to lepton flavour violating (LFV) processes are by far the dominant effects. Moreover, the absence of QCD corrections and hadronic matrix elements allows in most cases to make predictions entirely within perturbation theory.

Figure 3: Correlation between the branching ratios for μ → eγ and μ^− → e^−e^+e^− from a general scan over the LHT parameters. The shaded area represents present experimental upper bounds.

In [18] we have studied the most interesting LFV processes: ℓ_i → ℓ_j γ, τ → ℓP (with P = π, η, η^′), μ^− → e^−e^+e^−, the six three-body decays τ^− → l^−_i l^+_j l^−_k and the rate for μ − e conversion in nuclei. We have also calculated the rates for K_{L,S} → μe, K_{L,S} → π^0μe, B_{d,s} → μe, B_{d,s} → τe and B_{d,s} → τμ. At variance with meson decays, the number of flavour violating decays in the lepton sector, for which significant experimental constraints exist, is rather limited. Basically only the upper bounds on Br(μ → eγ), Br(μ^− → e^−e^+e^−), Br(K_L → μe) and R(μTi → eTi) can be used in our analysis. The situation may change significantly in the coming years thanks to near future experiments [26, 35, 36, 37]. Meanwhile, we have estimated LHT effects, imposing the experimental bounds mentioned above and scanning over mirror lepton masses in the range [300 GeV, 1500 GeV] and over the parameters of the V_{Hℓ} mixing matrix, with the symmetry breaking scale f fixed to f = 1 TeV or f = 500 GeV in accordance with ew precision tests [6]. We note that for f = 500 GeV also the very recent experimental upper bounds on τ → μπ, eπ given in [27], where Belle [38, 39] and BaBar [40, 41] results have been combined, become effective.

We have found that essentially all the rates considered can reach or approach present experimental upper bounds, as shown in table 1. In particular, in order to suppress the μ → eγ and μ^− → e^−e^+e^− decay rates below the experimental upper bounds (see Fig. 3), the V_{Hℓ} mixing matrix has to be rather hierarchical, unless mirror leptons are quasi-degenerate.

Moreover, following the strategy proposed in [42, 43, 44] in the supersymmetric framework, we have identified certain correlations between branching ratios that are less parameter dependent than the individual branching ratios and could provide a clear signature of the model. In particular, we find that the ratios Br(ℓ_i → ℓ_jℓ_j ℓ_j)/Br(ℓ_i → ℓ_j γ), Br(ℓ_i → ℓ_jℓ_jℓ_j )/Br(ℓ_i → ℓ_jℓ_kℓ_k) ratio LHT MSSM (dipole) MSSM (Higgs) Br(μ^− →e^−e^+e^−) Br(μ→eγ) 0.4. . . 2.5 ∼ 6 · 10

−3 ∼ 6 · 10^{−3} Br(τ^−→e^−e^+e^−) Br(τ →eγ) 0.4. . . 2.3 ∼ 1 · 10

−2 ∼ 1 · 10^{−2} Br(τ^−→μ^−μ^+μ^−) Br(τ →μγ) 0.4. . . 2.3 ∼ 2 · 10 −3 0.06 . . . 0.1 Br(τ^−→e^−μ^+μ^−) Br(τ →eγ) 0.3. . . 1.6 ∼ 2 · 10 −3 0.02 . . . 0.04 Br(τ^−→μ^−e^+e^−) Br(τ →μγ) 0.3. . . 1.6 ∼ 1 · 10

−2 ∼ 1 · 10^{−2} Br(τ^−→e^−e^+e^−) Br(τ^−→e^−μ^+μ^−) 1.3. . . 1.7 ∼ 5 0.3. . . 0.5 Br(τ^−→μ^−μ^+μ^−) Br(τ^−→μ^−e^+e^−) 1.2. . . 1.6 ∼ 0.2 5. . . 10 R(μTi→eTi) Br(μ→eγ) 10 −2 . . . 10^2 ∼ 5 · 10^{−3} 0.08 . . . 0.15

Table 2: Comparison of various ratios of branching ratios in the LHT model and in the MSSM without and with significant Higgs contributions.

and Br(ℓ_i → ℓ_j ℓ_kℓ_k)/Br(ℓ_i → ℓ_jγ) could allow for a transparent distinction between the LHT model and the MSSM (see Table ??).

Finally, we have studied the muon anomalous magnetic moment finding that, even for values of the NP scale f as low as 500 GeV, a^{LHT}_μ < 1.2 · 10^{−10}. This value is roughly a factor 5 below the current experimental uncertainty [45], implying that the possible discrepancy between the SM prediction and the data cannot be solved in the LHT model.

I would like to thank the organizers of the interesting and pleasant conference Heavy Quarks and Leptons realized in Munich. Special thanks go to the other authors of the work presented here: Monika Blanke, Andrzej J. Buras, Björn Duling, Anton Poschenrieder, Stefan Recksiegel, Selma Uhlig and Andreas Weiler.

References

[1] N. Arkani-Hamed, A. G. Cohen and H. Georgi, Phys. Lett. B 513 (2001) 232 [arXiv:hep-ph/0105239].

[2] N. Arkani-Hamed, A. G. Cohen, E. Katz and A. E. Nelson, JHEP 0207 (2002) 034 [arXiv:hep-ph/0206021].

[3] T. Han, H. E. Logan, B. McElrath and L. T. Wang, Phys. Rev. D 67 (2003) 095004 [arXiv:hep-ph/0301040].

[4] C. Csaki, J. Hubisz, G. D. Kribs, P. Meade and J. Terning, Phys. Rev. D 67 (2003) 115002 [arXiv:hep-ph/0211124].

[5] H. C. Cheng and I. Low, JHEP 0309 (2003) 051 [arXiv:hep-ph/0308199].

H. C. Cheng and I. Low, JHEP 0408 (2004) 061 [arXiv:hep-ph/0405243]. [6] J. Hubisz, P. Meade, A. Noble and M. Perelstein, JHEP 0601 (2006) 135 [arXiv:hep-ph/0506042].

[7] N. Cabibbo, Phys. Rev. Lett. 10 (1963) 531. M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49 (1973) 652.

[8] J. Hubisz, S. J. Lee and G. Paz, JHEP 0606 (2006) 041 [arXiv:hepph/0512169].

[9] B. Pontecorvo, Sov. Phys. JETP 6 (1957) 429 [Zh. Eksp. Teor. Fiz. 33 (1957) 549]; Sov. Phys. JETP 7 (1958) 172 [Zh. Eksp. Teor. Fiz. 34 (1957) 247]; Z. Maki, M. Nakagawa and S. Sakata, Prog. Theor. Phys. 28 (1962) 870.

[10] M. Blanke, A. J. Buras, A. Poschenrieder, S. Recksiegel, C. Tarantino, S. Uhlig and A. Weiler, Phys. Lett. B 646 (2007) 253 [arXiv:hepph/0609284].

[11] A. J. Buras, P. Gambino, M. Gorbahn, S. Jager and L. Silvestrini, Phys.

Lett. B 500 (2001) 161 [arXiv:hep-ph/0007085]. A. J. Buras, Acta Phys. Polon. B 34 (2003) 5615 [arXiv:hep-ph/0310208].

[12] G. D’Ambrosio, G. F. Giudice, G. Isidori and A. Strumia, Nucl. Phys. B 645 (2002) 155 [arXiv:hep-ph/0207036].

[13] A. J. Buras, A. Poschenrieder, S. Uhlig and W. A. Bardeen, JHEP 0611 (2006) 062 [arXiv:hep-ph/0607189].

[14] M. Blanke, A. J. Buras, A. Poschenrieder, S. Recksiegel, C. Tarantino, S. Uhlig and A. Weiler, JHEP 0701 (2007) 066 [arXiv:hep-ph/0610298].

[15] A. J. Buras, A. Poschenrieder and S. Uhlig, Nucl. Phys. B 716 (2005) 173 [arXiv:hep-ph/0410309]. A. J. Buras, A. Poschenrieder and S. Uhlig, arXiv:hep-ph/0501230. S. R. Choudhury, N. Gaur, A. Goyal and N. Mahajan, Phys. Lett. B 601 (2004) 164 [arXiv:hep-ph/0407050]. J. Y. Lee, JHEP 0412 (2004) 065 [arXiv:hep-ph/0408362]. S. Fajfer and S. Prelovsek, Phys. Rev. D 73 (2006) 054026 [arXiv:hep-ph/0511048]. W. j. Huo and S. h. Zhu, Phys. Rev. D 68 (2003) 097301 [arXiv:hep-ph/0306029].

[16] M. Blanke, A. J. Buras, A. Poschenrieder, C. Tarantino, S. Uhlig and A. Weiler, JHEP 0612 (2006) 003 [arXiv:hep-ph/0605214].

[17] S. R. Choudhury, A. S. Cornell, A. Deandrea, N. Gaur and A. Goyal, arXiv:hep-ph/0612327.

[18] M. Blanke, A. J. Buras, B. Duling, A. Poschenrieder and C. Tarantino, arXiv:hep-ph/0702136.

[19] Y. Grossman and Y. Nir, Phys. Lett. B 398 (1997) 163 [arXiv:hepph/9701313].

[20] A. Abulencia et al. [CDF Collaboration], arXiv:hep-ex/0609040. D. Lucchesi [CDF and D0 Collaborations], FERMILAB-CONF-06-262-E Presented at Workshop on Theory, Phenomenology and Experiments in Heavy Flavor Physics, Capri, May 2006.

[21] M. Bona et al. [UTfit Collaboration], JHEP 0603 (2006) 080 [arXiv:hepph/0509219]. M. Bona et al. [UTfit Collaboration], Phys. Rev. Lett. 97 (2006) 151803 [arXiv:hep-ph/0605213]. http://utfit.roma1.infn.it.

[22] J. Charles et al. [CKMfitter Group], Eur. Phys. J. C 41 (2005) 1 [arXiv:hep-ph/0406184]. http://www.slac.stanford.edu/xorg/ckmfitter/.

[23] M. Blanke, A. J. Buras, D. Guadagnoli and C. Tarantino, JHEP 0610 (2006) 003 [arXiv:hep-ph/0604057].

[24] M. L. Brooks et al. [MEGA Collaboration], Phys. Rev. Lett. 83 (1999) 1521 [arXiv:hep-ex/9905013].

[25] U. Bellgardt et al. [SINDRUM Collaboration], Nucl. Phys. B 299 (1988) 1. [26] C. Dohmen et al. [SINDRUM II Collaboration.], Phys. Lett. B 317, (1993) 631.

[27] S. Banerjee, arXiv:hep-ex/0702017.

[28] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 92 (2004) 121801 [arXiv:hep-ex/0312027].

[29] Y. Yusa et al. [Belle Collaboration], Phys. Lett. B 589 (2004) 103 [arXiv:hep-ex/0403039].

[30] D. Ambrose et al. [BNL Collaboration], Phys. Rev. Lett. 81 (1998) 5734 [arXiv:hep-ex/9811038].

[31] K. Arisaka et al., Phys. Lett. B 432 (1998) 230.

[32] M. C. Chang et al. [BELLE Collaboration], Phys. Rev. D 68 (2003) 111101 [arXiv:hep-ex/0309069].

[33] F. Abe et al. [CDF Collaboration], Phys. Rev. Lett. 81 (1998) 5742. [34] A. Bornheim et al. [CLEO Collaboration], Phys. Rev. Lett. 93 (2004) 241802 [arXiv:hep-ex/0408011].

[35] S. Yamada, Nucl. Phys. Proc. Suppl. 144 (2005) 185;

http://meg.web.psi.ch/.

[36] M. A. Giorgi et al. [SuperB Group], INFN Roadmap Report, March 2006. [37] Y. Mori et al. [PRISM/PRIME working group], LOI at J-PARC 50-GeV PS, LOI-25, http://psux1.kek.jp/~jhf-np/LOIlist/LOIlist.html.

[38] [Belle Collaboration], arXiv:hep-ex/0609049.

[39] Y. Enari et al. [Belle Collaboration], Phys. Lett. B 622 (2005) 218 [arXiv:hep-ex/0503041].

[40] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 96 (2006) 041801 [arXiv:hep-ex/0508012].

[41] B. Aubert et al. [BABAR Collaboration], arXiv:hep-ex/0610067. [42] J. R. Ellis, J. Hisano, M. Raidal and Y. Shimizu, Phys. Rev. D 66 (2002) 115013 [arXiv:hep-ph/0206110].

[43] E. Arganda and M. J. Herrero, Phys. Rev. D 73 (2006) 055003 [arXiv:hepph/0510405].

[44] P. Paradisi, JHEP 0510 (2005) 006 [arXiv:hep-ph/0505046]. P. Paradisi, JHEP 0602 (2006) 050 [arXiv:hep-ph/0508054]. P. Paradisi, JHEP 0608 (2006) 047 [arXiv:hep-ph/0601100].

[45] G. W. Bennett et al. [Muon G-2 Collaboration], Phys. Rev. D 73 (2006) 072003 [arXiv:hep-ex/0602035].