arXiv:hep-ex/0610042 v1 14 Oct 2006

Kaon physics

B. Sciascia Laboratori Nazionali di Frascati - INFN, via E.Fermi 40, 00044 Frascati (Rome) Italy

At present, the main topics addressed by kaon physics are the unitarity test of CKM matrix via precision measurements of the Cabibbo angle as well as precision tests of discrete symmetries: in particular, study of possible CPT violations in a model-independent way through the Bell-Steinberger relation, or through the measurement of charge asymmetries. Other interesting topics are related to the test of predictions from chiral perturbation theory. Also status and prospects of the K^± → π^±νν̄ and KL → π^0νν̄ decays are discussed.

I. INTRODUCTION

Last year has been full of new results in the kaon physics, which continues to contribute to the development and the understanding of the Standard Model (SM) flavor structure. Given the plenty of experimental results, only a part of these ones will be described in this review. In the first two sections, the NA48/2 results on K^±_{π3} decays will be presented: Section II is devoted to the search for direct CP violation in K^± → π^±π^+π^− decays (K^±_τ ) [1][2], while Section III describes the measurement of the ππ scattering length extracted from the π^0π^0 invariant mass distribution of K^± → π^±π^0π^0 decays (K^±_τ ′ ) [3], a very important and unexpected by product of the CP violation analysis. The status of the determination of V_{us} and the unitarity test of the CKM matrix is presented in Section IV. Section V presents the Bell-Steinberger relation [4] which from the requirement of the unitarity offers the possibility to study the CPT invariance and to test the basic assumptions of the quantum field theories. In particular, recent results from the KLOE experiment improve the determination of the CP- and CPT- violating parameters ℜ(ϵ) and ℑ(δ) [5]. The role of K^±_{l2} decays in probing the μ-e universality emphasized by the recent NA48/2 improvement on the measurement of Γ(K^± → eν_e)/Γ(K^± → μν_μ) ratio [6], is described in Section VI. Finally, in Section VII the progress toward the study of the very rare decay K_L → π^0νν̄ and the prospects to make a decisive measurement of K^± → π^±νν̄ at the CERN SPS, are presented.

II. SEARCH FOR DIRECT CP VIOLATION IN K^± → π^± π^+π^− DECAYS

CP violation, more than 40 years after its discovery, still plays a central role in present and future investigations of particle physics. For a long time there was no significant progress, until NA48 [7] and KTeV [8] experiments demonstrated the existence of direct CP violation with high significance. This was done by measuring a non-zero ℜ (ϵ^′/ϵ) parameter in the decays of neutral kaons into two pions. In 2001, the B-factory experiments Babar [9] and Belle [10] measured CP violation in the system of neutral B mesons and in 2004 also the direct CP violation in B decays has been found [11][12].

In kaons, besides the ℜ (ϵ^′/ϵ) parameter measured in K_{L,S} into two pion decays, a promising complementary observable is the asymmetry between K^+ and K^− decays into three pions. Direct CP violation manifesting itself as an asymmetry in two CP-conjugate decay amplitude (as in K^±_{π3} case) is important as a strong qualitative test of the way in which the SM accommodates CP violation. Unfortunately, in general the predicted Dalitz-plot slope asymmetries are in the order of few units per million and the quantitative effort to constrain the fundamental parameters of the theory is difficult due to non-perturbative hadronic effects. An intense theoretical program is under way to improve these predictions, allowing the direct CP violation measurements to be used as strong quantitative constraints on the SM.

The K^±_{π3} matrix element squared is usually parameterized by a polynomial expansion [14]:

|M (u, v)|^2 ∼ 1 + gu + hu^2 + kv^2,

where g, h, and k are the so called linear and quadratic Dalitz-plot slope parameters (|h|,|k| ≪ |g|) and the two Lorentz invariant kinematic variables u and v are defined as u = s_3 − s_0

m^2_π

, v = s_2 − s_1 m^2_π , s_i = (P_k − P_i)^2, i = 1, 2, 3;

s_0 = s_1 + s_2 + s_3 3 . Here m_π is the pion mass, P_k and P_i are the kaon and the pion four-momenta, the indexes i=1,2 correspond to the two identical (“even”) pions and the index i = 3 to the pion of different charge (the “odd” pion). If CP is conserved, the decay amplitudes must be equal for K^+ and for K^− separately. In case of CP violation, the two different amplitudes could be studied through their asymmetry or, equivalently, by means of the asymmetry of the linear parameter g:

A_g = (g^+ − g^−)/(g^+ + g^−) ≃ Δg/(2g) , (1)

where Δg is the slope difference and g is the average slope. The slope asymmetry is strongly enhanced with respect to the asymmetry of the integrated decay rate [15]. The prediction for A_g provided at first order by the Chiral Perturbation Theory and in the framework of the SM vary from a few 10^{−6} to a few 10^{−5} [16][17][18]. Theoretical calculations involving processes beyond the SM allow a wider range for A_g which can be as high as 10^{−4} [19].

The NA48/2 experiment in the framework of kaon physics program at the CERN SPS, measured the asymmetries A_g and A^0_g in K^± → π^±π^+π^− and K^± → π^±π^0π^0 decays respectively. With 1.67×10^9 K^±_τ decays, the difference in the linear slope parameter of the Dalitz plot for K^+ and K^− has been measured [1]: Δg = (−0.7 ± 0.9_{stat} ± 0.6_{trg} ± 0.6_{syst}) × 10^{−4}. Using for the Dalitz plot slope the PDG value g = - 0.2154 ± 0.0035 [14], Δg translates into the direct CP violation charge asymmetry: A_g = (1.7 ± 2.1_{stat} ± 1.4_{trg} ± 1.4_{syst}) × 10^{−4} = (1.7 ± 2.9) × 10^{−4}

Regarding K^± → π^±π^0π^0 decays, 4.7×10^7 events have been used to measure the slope difference [1]: Δg^0 = (2.3±2.8_{stat}±1.3_{trg} ±1.0_{syst} ±0.03_{ext})×10^{−4}; the corresponding asymmetry is found to be A^0_g = (1.8 ± 2.2_{stat} ± 1.0_{trg} ± 0.8_{syst} ± 0.2_{ext}) × 10^{−4} = (1.8 ± 2.6) × 10^{−4}.

For both measurements the uncertainty due to the trigger is statistical in nature, and the global precision obtained is limited mainly by the available statistics. On the systematics side, a careful control of detector and beam line asymmetries has been done to avoid such effects fake the charge asymmetry. The results have more than one order of magnitude better precision than the previous measurements, and are compatible with the SM predictions. These measurements have been obtained using the 2003 data sample. Analysis of the 2004 data will double the sample and will improve accordingly the uncertainties.

III. CUSP-LIKE EFFECT IN K^± → π^±π^0 π^0

In searching for direct CP violation in K^± → π^±π^0π^0, NA48/2 experiment observed for a first time a subtle and interesting phenomenon [3]. In a partial sample of about 2.3×10^7 K^±_τ ′ decays acquired during 2003 data taking, the π^0π^0 invariant mass distribution (M^2_{00}) shows an anomaly in the region M^2_{00} = (2m_+)^2 -m_+ is the π^± mass- where a cusp-like behavior is present (see figure 1). This anomaly, ob-

FIG. 1: M^2_{00} distribution. The insert is an enlargement of a narrow region centered at M^2_{00} = (2m+ )^2.

served thanks to the large statistical sample and the excellent M^2_{00} resolution, can be described by a rescattering model [20] dominated by the contribution from the K^± → π^±π^+π^− decay through the chargeexchange reaction π^+π^− → π^0π^0. The amplitude of the cusp is proportional to the a_0 −a_2 difference of the ππ S-wave scattering lengths. The quantity a_0 − a_2 is one of the few non-perturbative parameters which can be predicted with excellent accuracy from first principles. Recent calculations [21] lead to a theoretical prediction of (a_0 − a_2)m_π+ = 0.265 ± 0.004 which has a precision not yet reached by the experiments. The best direct information on ππ scattering lengths is the one extracted from K_{e4} decays by the BNL-E865 experiment [22], which is affected by a statistical error of 6%, due to the intrinsic statistical limitation of the K_{e4} decays with respect to the dominant K_{π3} modes; moreover the BNL and NA48/2 determinations of a_0−a_2 are affected by different theoretical and systematic errors. Fitting the M_{00} distribution excluding re-scattering effects gives a χ^2 = 13 574 for 148 degrees of freedom. A best fit to a re-scattering model gives a good χ^2 of 141 for 139 degrees of freedom, and provides a precise determination of the a_0 − a_2 value: (a_0 − a_2)m_π+ = 0.268 ± 0.010_{stat} ± 0.004_{syst}, with additional external uncertainty of ±0.013_{ext} from branching ratio and theoretical uncertainties. If the correlation between a_0 and a_2 predicted by chiral symmetry is taken into account, this result becomes (a_0 −a_2)m_π+ = 0.264±0.006_{stat}±0.004_{syst}±0.013_{ext}.

Figure 2 from [23], shows a summary of different theoretical determinations of the S-wave scattering lengths, compared with present experimental measurements from NA48/2, CERN DIRAC and BNL

FIG. 2: Theoretical and experimental status of the S-wave scattering lengths.

E865; the NA48/2 a_0 −a_2 determination has an uncertainty comparable with the two others available measurements.

IV. UNITARITY TEST OF CKM MATRIX AND Vus DETERMINATION

In the Standard Model, the quark weak charged current is

J^+_α = (ū c̄ t̄)γ_α(1 − γ_5) V ( d s b ) ,

where V is a 3 × 3 unitary matrix introduced by Kobayashi and Maskawa [24] in expansion on an original suggestion by Cabibbo [25]. The unitarity condition (V^†V = 1) is required by the assumption of universality of the weak interactions of leptons and quarks and the absence of flavor-changing neutral currents. The realization that a precise test of CKM unitarity can be obtained from the first-row constraint |V_{ud}|^2 + |V_{us}|^2 + |V_{ub}|^2 = 1 (with |V_{ub}|^2 negligible) has sparked a new interest in good measurements of quantities related to |V_{us}|. As we discuss in the following sections, |V_{us}| can be determined using semileptonic kaon decays; the experimental inputs are the Br’s, lifetimes, and form-factor slopes. Both neutral (K_S or K_L) and charged kaons may be used and provide independent measurements. Many players have joined the game, as seen from Table IV.

KLOE is unique in that it is the only experiment that can by itself measure the complete set of experimental inputs for the calculation of |V_{us}| using both charged and neutral kaons. This is because the ϕ factory is uniquely suited for measurements of the K_L and K^± lifetimes. In addition, KLOE is the only experiment that can measure K_S Br’s at the sub-percent level.

1. Semileptonic Kaon Decays

The semileptonic kaon decay rates still provide the best means for the measurement of |V_{us}| because only the vector part of the weak current contributes to the matrix element ⟨ π |J_α| K ⟩. In general,

⟨ π |J_α| K ⟩ = f_+(t)(P + p)_α + f_−(t)(P − p)_α,

where P and p are the kaon and pion four-momenta, respectively, and t = (P − p)^2. The form factors f_+ and f_− appear because pions and kaons are not pointlike particles, and also reflect both SU (2) and SU (3) breaking. For vector transitions, the Ademollo-Gatto theorem [43] ensures that SU (3) breaking appears only to second order in m_s −m_{u,d}. In particular, f_+(0) differs from unity by only 2–4%. When the squared matrix element is evaluated, a factor of m^2_ℓ /m^2_K multiplies all terms containing f_−(t), therefore can be neglected for K_{e3} decays. For the description of K_{μ3} decays, it is customary to use f_+(t) and the scalar form factor f_0(t) ≡ f_+(t) + [t/(m^2_K − m^2_π )] f_−(t).

The semileptonic decay rates, fully inclusive of radiation, are given by

Γ^i(K_{e3, μ3}) = |V_{us}|^2

C^2_i G^2 M^5 768π^3

S_{EW} I_{e3, μ3} (2)

× (1 + δ_{i, em} + δ_{i, SU(2)}) |f^{K0}_+ (0)|^2.

In the above expression, i indexes K^0 → π^± and K^± → π^0 transitions, for which C^2_i = 1 and 1/2, respectively. G is the Fermi constant, M is the appropriate kaon mass, and S_{EW} is the universal shortdistance radiative correction factor [44]. The δ terms are the long-distance radiative corrections, which depend on the meson charges and lepton masses, and the SU (2)-breaking corrections, which depend on the kaon charge [45]. The form factors are written as f_{+, 0}(t) = f_+(0)f̃_{+, 0}(t), with f̃_{+, 0}(0) = 1. f_+(0) reflects SU (2)- and SU (3)-breaking corrections and is different for K^0 and K^±. I_{e3, μ3} is the integral of the Dalitz-plot density over the physical region and includes |f̃_{+, 0}(t)|^2. I_{e3, μ3} does not account for photon emission; the effects of radiation are included in the electromagnetic (em) corrections. The numerical factor in the denominator of equation 2, 768 = 3 × 2^8, is chosen in such a way that I = 1 when the masses of all final-state particles vanish. For K_{e3}, I ≈ 0.56 and for K_{μ3}, I ≈ 0.36. The vector form factor f_+ is dominated by the vector Kπ resonances, the closest being the K^∗(892). Note that for t > 0, f̃_+(t) > 1. The presence of the form factor increases the value of the phase-space integral and the decay rate. The natural form for f̃_+(t) is

f̃_+(t) = M^{2V} M^2_V − t

. (3)

TABLE I: Recent world data on Kℓ3 decays for calculation of |Vus |

Experiment Measured quantities References E865 BR(K^+ → π^0_De^+ ν)/BR(K^+ → π^0_DX^+) (π^0_D = π^0 → e^+ e^−γ) [26] KTeV BR(KL e3), BR(KL μ3), λ+ (KL e3), λ+,0 (KL μ3) [27, 28] ISTRA+ λ+ (K^−_{e3}), λ+,0 (K^−_{μ3}) [29, 30] NA48 BR(KL e3)/BR(2 tracks), BR(K^±_{e3})/BR(ππ^0 ), λ+ (KL e3) [31, 33, 34] KLOE BR(KL e3), BR(KL μ3), BR(KS e3), BR(K^±_{e3}), BR(K^±_{μ3}), [36, 38, 39, 40] λ+ (KL e3), τL, τ^± [35, 37]

It is also customary to expand the form factor in powers of t as

f̃_+(t) = 1 + λ^′ t m^2_{π+} + λ^{′′} 2 ( t m^2_{π+}

)_2 . To compare the results obtained from each semileptonic decay mode for both neutral and charged kaons without knowledge of f_+(0), the relation (2) is usually used to compute the quantity f^{K0}_+ (0) |V_{us}|. This requires the SU (2) and electromagnetic corrections for all four possible cases.

A. Results on semileptonic neutral kaon decays: KLOE, NA48, KTeV

Measurements of the absolute kaon branching ratios are a unique possibility of the ϕ factory . At a ϕ factory pairs of monochromatic K_S K_L are produced and the K_L(K_S ) can be identified looking at the decay of the companion on the other side (tagging). The K_L is selected by identification of K_S decays while a K_S beam is tagged using the fraction of events in which the K_L interacts in the calorimeter (K_L crash). Absolute branching ratios can be determined by counting the fraction of K_L’s that decay into each channel and correcting for acceptances, reconstruction efficiencies, and background. KLOE has measured the dominant K_L branching ratios using the K_L beam tagged by K_S → π^+π^− decays [36]. In the 2001/2002 data sample, ∼13×10^6 tagged K_L decays have been used for the measurement, and ∼4×10^6 to evaluate efficiencies. To measure the BR’s for decays to charged particles, a reconstructed K_L decay vertex is required in the DC fiducial volume. The number of events of each type is obtained by fitting the distribution of missing momentum minus missing energy, in the πμ mass assignment, with the sum of the MC distributions for each of the decay channels. To select K_L →3π^0 events, at least three photons are required from the K_L decay vertex. The reconstruction efficiency and purity of the selected sample are both about 99%. The resulting BR’s are: BR(K_L → πeν(γ)) = 0.4049 ± 0.0010 ± 0.0031,

BR(K_L → πμν(γ)) = 0.2726 ± 0.0008 ± 0.0022, BR(K_L → 3π^0) = 0.2018 ± 0.0004 ± 0.0026, BR(K_L → π^+π^−π^0(γ)) = 0.1276 ± 0.0006 ± 0.0016, where the errors are dominated by the error on τ_L through the geometrical acceptance. Taking the BR’s for rare K_L decays to π^+π^−, π^0π^0, and γγ from the PDG [13] and imposing the constraint ∑ BR(K_L) = 1, τ_L can be measured: τ_L = (50.72 ± 0.17 ± 0.33) ns. Imposition of this constraint also results in more precise measurements of the dominant BR’s: BR(K_L → πeν(γ)) = 0.4007 ± 0.0006 ± 0.0014, BR(K_L → πμν(γ)) = 0.2698 ± 0.0006 ± 0.0014, BR(K_L → 3π^0) = 0.1997 ± 0.0005 ± 0.0019, BR(K_L → π^+π^−π^0(γ)) = 0.1263 ± 0.0005 ± 0.0011. The K_L lifetime has been also measured directly [35], employing 10^7 K_L → 3π^0 events selected from the 2001/2002 data sample. The result is τ_L = (50.92 ± 0.17 ± 0.25) ns, which together with that from the K_L BR measurements gives the KLOE average: τ_L = (50.84 ± 0.23) ns.

NA48 and KTeV experiments have used a different approach: they have measured ratios of branching ratios since they do not have an absolute normalization. NA48 has normalized K_L → πeν events to K_L → 2 tracks. Using for BR(K_L → 3π^0) the average of the PDG value and the KTeV measurement, they obtain BR(K_L → πeν(γ)) = 0.401 ± 0.004 [31]. KTeV measures 5 ratios of K_L BR’s Γ_{e3}/Γ_{μ3}, Γ_{+−0}/Γ_{e3}, Γ_{000}/Γ_{e3}, Γ_{+−}/Γ_{e3} and Γ_{00}/Γ_{000} . The 6 decay modes in the above ratios account for 99.93% of K_L decays and the ratio can be combined to extract the semileptonic branching ratio [27]. In Fig. 3 values of the branching ratios from each experiment are reported and compared with values from PDG. The new measurements agrees quite well with each other, while they disagree with the old PDG values for the K_L → πeν and K_L → 3π^0 decays.

A measurement that is unique to KLOE is that of the BR for K_S semileptonic decays. Using the 2001- 2002 data set (410 pb^{−1}) a sample of 6 500 events has been selected for each charge mode. The distribution of the missing energy minus the missing momentum ΔE_{πe} is shown in Fig. 4 for the π^−e^+ν sample. The signal is centered at zero as expected for a missing neutrino. KLOE finds the value BR(K_S → πeν) =

FIG. 3: Branching ratios for the dominant KL decays: comparison between different experimental measurements.

FIG. 4: Emiss − Pmiss distribution for KS → π^− e^+ν decays.

(7.028 ± 0.092) × 10^{−4} [39]. From the same sample also the charge asymmetry has been measured for the first time. The charge asymmetry is found to be:

A_S = (1.5 ± 9.6_{stat} ± 2.9_{syst}) × 10^{−3}

This result is compatible with that for K_L semileptonic decays and with the expectation obtained assuming CP T symmetry, A_S = 2Re(ϵ).

B. Results on semileptonic charged kaon decays: KLOE, NA48, ISTRA+

In KLOE the measurement of the inclusive BR(K^±_{l3})’s uses four independent samples tagged by the decays: K^+_{μ2}, K^−_{μ2}, K^+_{π2} and K^−_{μ2}. Two-body decays are rejected applying a cut on the charged decay particle momentum computed in the kaon rest frame p^∗. The lepton squared mass, m^2_{lept}, is obtained from the velocity of the lepton computed from the ToF. The number of K_{e3} and K_{μ3} decays is then obtained by fitting the m^2_{lept} distribution to a sum of MC distributions for the signals and various background sources. The BR is evaluated separately for each tag sample. The resulting preliminary BR’s are [40]:

BR(K^±_{e3}) = 0.05047 ± 0.00046_{stat} ± 0.00080_{syst}, BR(K^±_{μ3}) = 0.03310 ± 0.00040_{stat} ± 0.00070_{syst}.

NA48 [41] measures the K^+_{e3} branching ratio normalizing to the K_{π2} decay taken from PDG04. They obtain: BR(K^± → π^oeν(γ)) = (5.14 ± 0.02_{stat} ± 0.06_{syst})%. They also measures the K^+_{e3}/K^+_{mu3} .

ISTRA+[42] has a similar approach, they obtain: BR(K^± → π^oeν(γ)) = (5.22 ± 0.11)%. It should be noticed here that PDG06 value for the BR(K^± → π^oπ^±) decreases by ≈ 1 % due to the new K_{e3} value from E865 [26] and K_{μ2} from KLOE [54].

KLOE has also measured the K^± lifetime. The kaon proper time is determined from the kaon momentum and path length, which is evaluated taking into account the energy losses. The vertex reconstruction efficiency and the resolution functions are measured directly on data by means of the π^o vertex reconstruction using only calorimetric information. The preliminary result is: τ (K^±) = 12.367 ± 0.044_{Stat} ± 0.065_{Syst} ns in agreement with PDG [14].

C. Form Factor

The momentum dependence of the form factor, which is relevant for the integral over the phase space, is often described in terms of λ slopes: f_+(t) = 1 + λ_+t/m^2_{π+} (linear) , f_+(t) = 1 + λ^′_+t/m^2_{π+} +^1_2 λ^{′′}_+(t/m^2_{π+} )^2 (quadratic), or using the pole model: f_+(t) = M^2_V /(M^2_V − t). The slopes and the pole are obtained fitting the t-spectrum with the corresponding expression on form factor.

KLOE experiment has fitted the K_{e3} spectrum using the linear, the quadratic and the pole parametrization. A very slight preference for a small quadratic term is obtained [37]. The results are:

quadratic λ^′_+ = (25.5 ± 1.5 ± 1.0) × 10^{−3} and λ^{′′}_+ = (1.4 ± 0.7 ± 0.4) × 10^{−3} with P (χ^2) = 92%, pole model M_V = 870 ± 7 MeV with P (χ^2) = 92.4%.

KTeV, ISTRA+ and NA48 experiments have fitted both K_{e3} and K_{μ3} spectra. KTeV experiment finds a quadratic slope term different from zero at 4 σ level and the slopes are consistent for K_{e3} and K_{μ3} decay modes [28]. NA48 find no evidence of quadratic term in the K_{e3} spectrum, they obtain a λ_0 consistent with

FIG. 5: 1σ contours for different λ^′_+ and λ^{′′}_+ measurements. The cross gives the values obtained for a pole fit.

KTeV result in the K_{μ3} [34]. ISTRA+ experiment finds a quadratic slope term different from zero at 2 σ level and a λ_0 = (17.11 ± 2.31) × 10^{−3} [29, 30]. Fig. 5 compares the KLOE, KTeV, NA48, and ISTRA+ results. The values of the pole masses from the KLOE, KTeV, and NA48 experiments are in agreement, and their average value is M_V = 875.3 ± 5.4 (χ^2 = 1.8) to which correspond: λ^′_+ = (25.42 ± 0.31) × 10^{−3} and λ^{′′}_+ = (1.29 ± 0.03) × 10^{−3}.

D. Vus extraction

As already discussed, from equation (2) V_{us} can be determined using branching ratios, lifetimes and slopes as experimental inputs. V_{us} can be extracted using both charged and neutral modes, allowing for a consistency check between experiment and theory (see figure 6). The value used for τ (K_L) is the average between KLOE and PDG values. The slopes λ^′_+ and λ^{′′}_+ are those obtained by averaging the pole masses from KTeV, NA48, and KLOE, while the slope λ_o is the average from KTeV and ISTRA+. To extract V_{us} the Leutwyler and Ross estimate of f^{K0 π−} + (0) = 0.961 ± 0.008 [47] has been used; this value has been confirmed recently by vastly improved latice QCD calculations [48].

The grey band in figure 6 is the average value for |V_{us}f_+(0)| = 0.2164(4), from which V_{us}= 0.2252(18) and it confirms unitarity within 1σ. The yellow band is obtained imposing the unitarity using V_{ud} = 0.97377(27)[49]. The uncertainty on f^{Koπ−}_+ (0) is reflected in the width of the “unitarity” band.

FIG. 6: |Vusf+(0)| comparison between all measured semileptonic K decays. The black squares are the PDG 2004 values not included in the average.

1. K → μν Decays

High-precision lattice quantum chromodynamics (QCD) results have recently become available and are rapidly improving [46]. The availability of precise values for the pion- and kaon-decay constants f_π and f_K allows to use of a relation between Γ(K_{μ2})/Γ(π_{μ2}) and |V_{us}|^2/|V_{ud}|^2, with the advantage that lattice-scale uncertainties and radiative corrections largely cancel out in the ratio [50]:

Γ(K_{μ2(γ)}) Γ(π_{μ2(γ)}) = |V_{us}|^2 |V_{ud}|^2 f^2_K f^2_π m_K ( 1 − m^2_μ/m^2_K

)_2 m_π ( 1 − m^2_μ/m^2_π )_2 × C, (4) where the precision of the numerical factor, C=(0.9930 ± 0.0035), due to structure-dependent corrections [51] can be improved. Thus, it could very well be that the abundant decays of pions and kaons to μν ultimately give the most accurate determination of the ratio of |V_{us}| to |V_{ud}|. This ratio can be combined with direct measurements of |V_{ud}| to obtain |V_{us}| [50, 53]. What is more interesting, however, is to combine all information from K_{e2}, K_{μ2}, K_{e3}, K_{μ3}, and superallowed 0^+ → 0^+ nuclear β-decays to experimentally test electron-muon and lepton-quark universality, in addition to the unitarity of the quark mixing matrix.

KLOE has measured BR(K_{μ2}) using 175 pb^{−1} collected in 2002, and found: BR(K^+ → μ^+ν̄(γ)) = 0.6366 ± 0.0009_{stat} ± 0.0015_{syst} [54]. From this measurement and using f_K /f_π from MILC [55] collaboration we derive V_{us}/V_{ud} = 0.2294 ± 0.0026. In fig.7 this result is compared with the one obtained from K_{e3} decay and with the unitarity relation. From the fit, assuming unitarity, we obtain: V_{us}= 0.2264(9).

FIG. 7: Comparison between Vus/Vud measurement from K^+ → μ^+ ν decays and Vus from Ke3

V. CP AND CPT VIOLATION PARAMETERS USING THE BELL-STEINBERGER RELATION

The three discrete symmetries of quantum mechanics, charge conjugation (C), parity (P ) and time reversal (T ) are known to be violated in nature, both singly and in pairs. Only CP T appears to be an exact symmetry of nature. Exact CP T invariance holds in quantum field theory which assumes Lorentz invariance, locality and unitarity [56]. Testing the validity of CP T invariance therefore probes the most fundamental assumptions of our present understanding of particles and their interactions. These hypotheses are likely to be violated at very high energy scales, where quantum effects of the gravitational interaction cannot be ignored [57]. On the other hand, since we still miss a consistent theory of quantum gravity, it is hard to predict at which level violation of CP T invariance might become experimentally observable.

The neutral kaon system offers unique possibilities for the study of CP T invariance. From the requirement of unitarity, Bell and Steinberger have derived a relation, the so called Bell-Steinberger relation (BSR) [4]. The most stringent limit on CP T - symmetry violation is provided by the mass difference |m_K0 − m¯_K0 | /m_K0 . This difference is related to the quantity δ that parametrizes the CP T violation in the mixing: δ = i (m_K0 − m¯_K0 ) + 1/2 (Γ_K0 − Γ¯_K0 ) ΔΓ × cos ϕ_{SW} e^{iϕSW} (5)

where tan ϕ_{SW} = 2ΔM/ΔΓ, ΔΓ = Γ_S − Γ_L, and ΔM = m_L−m_S . If we assume that the CP T violation is negligible in the decay (Γ_K0 − Γ¯_K0 = 0), we have: m_K0 − m¯_K0

m_K0

= 3 × 10^{−14}ℑδ. (6)

Violation at first order in m_K /M_{P lanck} ∼ 10^{−19}, coming from quantum gravity effects, can thus be tested by putting an upper limit on ℑδ of order ∼ 10^{−5}.

ℜδ and ℑδ are measured in two different ways. ℜδ is measured both from the difference A_S − A_L of the charge asymmetries in K_S and K_L semileptonic decays, and from the time-dependent asymmetry A_{CP T} = P (K̄^0 → K̄^0(t)) − P (K^0 → K^0(t)) P (K̄^0 → K̄^0(t)) + P (K^0 → K^0(t))

, (7)

where P (K^0 → K^0(t)) (P (K̄^0 → K̄^0(t))) is the probability for a K^0 (K̄^0) to be observed as a K^0 (K̄^0) after a time t.

Imδ is obtained from the unitarity relation (BSR): [ Γ_S + Γ_L Γ_S − Γ_L

+ i tan ϕ_{SW} ] ℜϵ − iℑδ 1 + |ϵ|^2 = 1 Γ_S − Γ_L ∑ f a^∗_S (f)a_L(f) = ∑ f α_f (8)

where a_{S,L}(f) are the K_{S,L} decay amplitudes to the final state f.

A. Experimental inputs to ℜδ

Using the time-dependent asymmetry in semileptonic decays [58] the CPLEAR Collaboration has obtained ℜδ. They measure the distribution A_δ(t) = 4ℜδ + F (ℑδ, y, ℜx_−, ℑx_+) (9) that depends, beside the CP T -violating parameter δ, on the parameters y and x_± that describe the CP T violation in the decays and the violation of the ΔS = ΔQ rule, respectively. They obtain:

ℜδ = (3.0 ± 3.3 ± 0.6) × 10^{−4} ℑδ = (−1.5 ± 2.3 ± 0.3) × 10^{−2} ℜx_− = (0.2 ± 1.3 ± 0.3) × 10^{−2} ℑx_+ = (1.2 ± 2.2 ± 0.3) × 10^{−2} (10)

This result is improved by adding as a constraint the measurement [13, 39] A_S − A_L = 4 [ℜδ + ℜx_−] = (−1.8 ± 10.0) × 10^{−3} to the original CPLEAR fit, obtaining:

ℜδ = (3.3 ± 2.8) × 10^{−4} ℑδ = (−1.1 ± 0.7) × 10^{−2} ℜx_− = (−0.03 ± 0.25) × 10^{−2} ℑx_+ = (0.8 ± 0.7) × 10^{−2} (11)

The uncertainty on ℑx_+ is reduced by a factor three. As we will see in the next section, this parameter enters in the unitarity relation and is one of the limiting factors in the determination of ℑδ and ℜϵ.

B. Experimental inputs to ℑδ and ℜϵ

The only decay modes relevant for the evaluation of Eq. (8) are the ππ(γ), πππ, and semileptonic modes. The product of amplitudes α_f are obtained from the lifetimes of the kaons, the ratios of K_S and K_L amplitudes η, and the branching ratios, in the following way: α_{ππ} = η_{ππ} BR(K_S → ππ) α_{ππγ(DE)} = √ τ_S τ_L BR(K_L)BR(K_S )e^{iϕ+−γ} α_{πππ} = τ_S τ_L η_{πππ} BR(K_L → πππ) where ππ = π^+π^−, π^0π^0, and πππ = π^+π^−π^0, π^0π^0π^0. The π^+π^− mode includes the inner bremsstrahlung (IB) emission. On the contrary, the contribution of the direct emission DE is estimated separately.

The contribution of semileptonic decays to Eq. (8) is given by: α_{πlν} = 2 τ_S τ_L BR(K_L → πlν) × [ℜϵ − ℜy − iℑδ − iℑx_+] = [(A_S + A_L)/4 − iℑδ − iℑx_+] (12)

where ℑx_+ is given by Eq. (11), and (A_S + A_L)/4 = ℜϵ − ℜy = (−4.8 ± 19.0) × 10^{−3}, while ℑδ is the unknown of Eq. (8). The determination of ℜy is of primary importance for the measurement of A_S [39].

Some of the most recent measurements entering in the determination of the α parameters are described in the following sections. The numerical results are shown in Tab. II.

1. ππ The two body decays give the largest contribution to Eq. (8). The K_S branching ratios are obtained from the recent KLOE measurement of the ratio Γ(K_S → π^+π^−)/Γ(K_S → π^0π^0) = (2.2549 ± 0.0054) [38] with a sample of 400 × 10^6 ϕ → K_S K_L decays. The K_L → π^+π^− branching ratio has been recently measured by KLOE [59] with ∼ 45000 events, they find BR(K_L → π^+π^−(γ_{IB+DE} )) = (1.963 ± 0.021) × 10^{−3}, where both the IB and DE components are included. The DE component is then subtracted using the KTeV result described in the following. KTeV [27] measured both the charged and neutral decays with ∼ 10^5 events each. They find BR(K_L → π^+π^−(γ_{IB} )) = (1.975 ± 0.012) × 10^{−3}, and BR(K_L → π^0π^0) = (0.865 ± 0.010) × 10^{−3}. The measurement of charged mode includes only the IB component. The two new measurements of BR(K_L → π^+π^−) are in agreement but disagree with the PDG value of 2004 [13].

FIG. 8: Spectrum of photon energy in KL → π^+ π^−γ events, measured by the KTeV Collaboration.

The DE component is measured with two different methods. With the first method, the photon spectrum is measured directly in K_L → π^+π^−γ decays. KTeV [60] has measured it from a sample of ∼ 10^5 ππγ events with E^∗_γ > 20 MeV (Fig. 8). They find that the fraction of DE component for E^∗_γ > 20 MeV is DE/(DE + IB) = 0.689 ± 0.021. With the second method, the internal conversion of the photon into a pair e^+e^− is used. The resulting decay K_L → π^+π^−e^+e^− shows an asymmetry in the distribution of the angle between the π^+π^− and e^+e^− planes. This asymmetry is due to the interference between the IB and DE components. KTeV [61] measures this asymmetry with ∼ 5000 selected events and extracts the information on the DE. The results are in agreement with the previous method, but less precise.

The DE component in K_S decay is suppressed by CP violation. The K_S photon spectrum has been measured in [62].

2. πlν As has been described in Section IV, the semileptonic decays of K_L have been recently measured by KLOE [36], KTeV [27], and NA48 [31] in order to determine the Cabibbo angle. KLOE measured also BR(K_S → πeν) and the related charge asymmetry,

TABLE II: Values of the α parameters.

α parameters Real Part ×10^3 Imaginary Part×10^3 α(π^+ π^−) 1.126 ± 0.014 1.064 ± 0.014 α(π^0π^0 ) 0.494 ± 0.007 0.472 ± 0.008 α(π^+ π^−γ(DE)) 0.000 ± 0.002 0.000 ± 0.002 α(πlν)ℑδ=0 0.003 ± 0.002 −0.019 ± 0.017 α(π^+ π^−π^0) 0.001 ± 0.002 −0.001 ± 0.002 α(π^0π^0 π^0 ) < 0.007 at 95% C.L. < 0.007 at 95% C.L.

A_S (see Section IV).

3. πππ The amplitudes for K → 3π decays can be decomposed according to the CP state of the three pion system: a_L = a^{CP −}_L (X, Y ) a_S = a^{CP +}_S (X, Y ) + a^{CP −}_S (X, Y ) (13)

where a^{CP +(−)} is the amplitude for the decay to the final state with CP = +1(−1), and X ∝ E_+ − E_− and Y ∝ E_0. The decay to the CP = +1 state is suppressed by the centrifugal barrier. Therefore, a^{CP +}_L is suppressed both by the centrifugal barrier and by CP violation and can be neglected. On the contrary, both K_S amplitudes are retained being one suppressed by CP violation and the other one by the centrifugal barrier. The amplitudes have the following symmetry property: a^{CP ±}(X, Y ) = ∓a^{CP ±}(−X, Y ) (14) Hence, the only contribution to Eq. (8) comes from:

η_{+−0} = ∫ dXdY a^∗_La^{CP −}_S ∫ dXdY |a_L|^2 (15)

while from (14) follows: ∫ dXdY a^∗_La^{CP +}_S ∫ dXdY |a_L|^2 = 0 (16)

CPLEAR measures η_{+−0} from the time-dependent asymmetry [58]:

N̄_{3π} (t) − N_{3π}(t) N̄_{3π} (t) + N_{3π}(t) (17)

where N_{3π}(t) (N̄_{3π}(t)) is the number of decays to three pions observed at time t for kaons tagged as K^0 (K̄^0) at time t = 0. They find:

η_{+−0} = (−2 ± 7) × 10^{−3} + i(−2 ± 9) × 10^{−3} (18)

The CP -conserving component of the decay, parametrized by the quantity: λ = ∫ X>0 dXdY a^∗_La^{CP +}_S ∫ X>0 dXdY |a_L|^2 (19)

has been measured by NA48 [63] by fitting the timedependent asymmetry:

N^{X>0}_{3π} (t) − N^{X<0}_{3π} (t) N^{X>0}_{3π} (t) + N^{X<0}_{3π} (t)

(20)

They find:

λ = (0.038 ± 0.010) + i(−0.013 ± 0.007) (21)

A similar result has been obtained also by CPLEAR [58].

FIG. 9: 90% C.L. limits on the plane ℑη000-ℜη000 obtained from the measurements of NA48 and KLOE.

Because of its symmetry property a^{CP +}_S (X, Y ) = 0 for three equal pions, as in K_S → 3π^0 decays. Therefore, this decay is CP violating, and its branching ratio is expected to be ∼ 10^{−9}. Before the recent measurements of KLOE and NA48, ℑδ was limited by the poor knowledge of η_{000} = a_S (000)/a_L(000).

There are two different ways of measuring this quantity. NA48 measures the interference in K → 3π^0 decays as a function of the proper time, with 5 × 10^6 decays from the near target, normalized to the rate of 10^8 K_L → 3π^0 from the far target [64]:

f_{3π}0 (t) ∝ 1 + |η_{000}|^2 e^{−(ΓS−ΓL)t}

+2D(p) [ℜη_{000} cos Δmt − ℑη_{000}

sin Δmt] e^{−1/2(ΓS−ΓL)t} (22)

where D(p) is the dilution factor that describes the momentum dependent production asymmetry between K^0 and K̄^0 at the target. NA48 measures:

η_{000} = (−0.002 ± 0.019) + i(−0.003 ± 0.021) (23)

KLOE uses a pure K_S beam tagged with a K_L. This allows KLOE to directly search K_S → 3π^0 decays [65]. The selection is done on a sample of ∼ 5 × 10^8 K_L − K_S , looking for six photon clusters in the calorimeter and applying a veto for charged tracks in the drift chamber. For each decay both 2π^0 and 3π^0 hypotheses are tested defining two χ^2-like variables. The events are counted in the signal box in the plane defined by these two variables. KLOE finds 2 events with about 3 background events expected, leading to the following 90% limits on the branching ratio and on the module of η_{000}:

BR(K_S → 3π^0) ≤ 1.2 × 10^{−7}

|η_{000}| ≤ 0.018 (24)

The comparison of NA48 and KLOE results is shown in Fig. 9.

The K_L decays to three pions have been measured by KLOE and KTeV, and a preliminary result for the 3π^0 decay has been also presented by NA48.

C. Results

Following the method outlined in Sections V A and V B and the values in Tab. II the KLOE Collaboration together with G. Isidori and G. D’Ambrosio obtained the following results:

ℜϵ = (161.0 ± 1.0) × 10^{−5} ℑδ = (1.3 ± 2.0) × 10^{−5} (25)

and from Eq. (5):

Γ_K0 − Γ¯_K0 = (5 ± 4) × 10^{−18} GeV m_K0 − m¯_K0 = (−2.2 ± 2.0) × 10^{−18} GeV (26)

The 90% and 68% C.L. regions are shown in Fig. 10.

Assuming no CP T violation in the decay (Γ_K0 − Γ¯_K0 = 0), they find the 95% C.L.:

− 4 × 10^{−19} < m_K0 − m¯_K0 < 7 × 10^{−19} GeV (27) to be compared with the previous determination due to the CPLEAR Collaboration:

− 10 × 10^{−19} < m_K0 − m¯_K0 < 17 × 10^{−19} GeV (28)

Eq. (27) is at present the most stringent test of CP T symmetry. The uncertainty is dominated by the knowledge of the phases ϕ_{+−} and ϕ_{00}, and of the parameter ℑx_+. Further improvements are expected from the analysis of the complete data sample of KLOE (∼ 2.5 fb^{−1}), in particular for what concerns the K_S rare decays. However, there are no plans to further improve the determination of ϕ_{+−}, ϕ_{00}.

VI. TEST OF LEPTON UNIVERSALITY WITH K^±_{l2} DECAYS

The measurement of the ratio R_K=K^±_{e2}/K^±_{μ2} between the branching ratios of K^± → e^±ν and K^± → μ^±ν decays is a sensible tool to test the lepton flavor universality and the V-A structure of the weak interactions; similar arguments hold for pion physics with the ratio R_π = π^± → e^±ν/π^± → μ^±ν . Due to the uncertainties on non perturbative quantities like f_K , the relevance of the single decays, like K^±_{μ2}, in probing the SM is severely hindered. In the ratio of the electronic and muonic decay modes, the hadronic uncertainties cancel to a very large extent, and the SM prediction of R_K is known with excellent accuracy [66]. This makes possible to exploit the good experimental precision on R_K to constrain new physics effects.

NA48/2 experiment at CERN SPS during 2003 data taking, has already collected more than 4 times the world total K^±_{e2} statistics [6]. A similar amount of data has been collected in 2004. The 2003 sample has been already analyzed, and 4 670 K^±_{e2} events have been found. In figure 11 the missing mass squared versus E/p distribution for K^±_{e2} candidates events is shown; background contributions have been identified and subtracted. The R_K measurement is

R_K = (2.416 ± 0.043_{Stat} ± 0.024_{Syst}) × 10^{−5}. (29)

This value significantly improves the previous PDG value [14] R_K = (2.44 ± 0.11) × 10^{−5}, and will further improve with NA48/2 current analysis. Another R_K measurement is in progress by the KLOE collaboration: using the complete data set (2.5 fb^{−1}), which should have a statistical error comparable to the one of the NA48/2 and completely different contributions to the systematic error.

The NA48/2 measurement has to be compared with the SM prediction which reads

R^{SM}_K = (2.416 ± 0.043_{Stat} ± 0.024_{Syst}) × 10^{−5}. (30)

Denoting with Δr^{e−μ}_{NP} the deviation from μ − e universality in R_K due to new physics, i.e.: R_K =

FIG. 10: Allowed region at 68% and 95% C.L. in the ℜϵ, Imδ plane, and in the Γ_K0 − Γ¯_K0 , m_K0 − m¯_K0 plane.

FIG. 11: Missing mass squared versus E/p distribution of K^±_{e2} candidates events, from NA48/2 experiment.

R^{SM}_K · (1 + Δr^{e−μ}_{NP} ), the NA48/2 result requires at the 2σ level,:

− 0.063 ≤ Δr^{e−μ}_{NP} ≤ 0.017. (31)

Two-body kaon decays are helicity suppressed in SM but generally unsuppressed in SM extensions, like the low-energy minimal SUSY extensions of the SM (MSSM) considered in [67], Here the question addressed is whether the SUSY can cause deviations from μ − e universality in K_{l2} decays at a level which can be probed with the present attained experimental sensitivity (percent level).

VII. CKM UNITARITY AND K → πνν̄ DECAYS

The K → πνν̄ decays in the SM framework are treated in detail in a number of papers and reviews (e.g see “Rare kaon decays” in [14] and references therein). Here we recall some interesting aspects of these decays, before describing the status of the measurement of the K_L → π^0νν̄ and K^± → π^±νν̄ branching ratios.

The unitarity of the CKM matrix assures the absence of Flavor Changing Neutral Current (FCNC) transitions at the tree level. FCNC processes can take place via loop diagrams containing internal quarks and intermediate bosons. The semileptonic rare FCNC transitions K_L → π^0νν̄ and K^± → π^±νν̄ are particular and important because of their clean theoretical character. Firstly, the low energy hadronic matrix elements required are just the matrix elements of quark currents between hadron states, which can be extracted with good accuracy from non-rare semileptonic decays, K_{l3}. Moreover, the main contribution to the FCNC processes comes from the region of very small distances (∼ 1/m_t, 1/m_Z ) where accurate estimate of strong interactions effects is possible in the framework of perturbative QCD. Finally these processes are also sensitive to the contributions from new heavy objects, e.g. supersymmetric particles, therefore the comparison of the experimental results with reliable theoretical estimates in the SM framework allows to search for new physics signals in these decays. The K_L → π^0νν̄ and K^± → π^±νν̄ completely determine the apex the Unitarity Triangle [68] and the comparison with the Unitarity Triangle measured from B sector could provide decisive tests in the flavor physics. Actually new physics may differentiate between the kaon and B-mesons sectors. At present the SM predictions of the two

FIG. 12: Determination of the Unitarity Triangle apex from K → πνν̄ decays.

K → πνν̄ decay rates are not extremely precise and read BR(K^± → π^±νν̄)_{SM} = (8.8 ± 1.1) × 10^{−11} [69] and BR(K_L → π^0νν̄)_{SM} = (3.0 ± 0.6) × 10^{−11} [70].

The two K^± → π^±νν̄ candidate events observed by the BNL-787 [71] experiment and the one more candidate event observed by BNL-949 [72] demonstrate that the search for processes with branching ratios below 10^{−10} with missing energy although very difficult is not impossible. The branching ratio inferred from these candidate events is (14.7^{+13.0}_{−8.9} ) × 10^{−11}, with a central value higher than the SM prediction, but compatible with this latter within the large errors. As sketched in figure 13, a measurement of BR(K^± → π^±νν̄) at the 10 % level is required in order to match the theoretical uncertainty, providing ground for precision tests of the SM flavor structure. An indirect model-independent upper bound on K_L → π^0νν̄ branching ratio can be set using the BR(K^± → π^±νν̄) value [73]: the BNL-787/949 measurement gives a BR(K_L → π^0νν̄) value which is about two order of magnitude greater than the SM expectation:

BR(K_L → π^0νν̄) ≃ 1.4 × 10^{−9} (90 % C.L.) (32) Recently the E391a experiment at the KEK proton synchrotron [74] improved the experimental information on the K_L → π^0νν̄ decay setting a new upper limit of 2.1 × 10^{−7} at 90 % confidence level for the branching ratio, and this using only about 10 % of the collected data in the first of the two data taking periods. This limit improves of a factor 2.8 the previous limit [75] by kTeV at Fermilab which pioneered the so called pencil beam technique. The latter is the only method used nowadays to study the K_L → π^0νν̄ decay and it consists in using a well collimated neutral kaon beam in order to be able to use the beam direction as a kinematical constrain on the K_L momentum. Analyzing the whole acquired statistics, the E391a experiment aims to reach the Grossman-Nir limit (see

FIG. 13: Ellipse: present determination of the unitarity triangle apex. Bands: (ρ,η) plane projection of a 10 % BR(K^± → π^±νν̄) measurement with SM value (upper panel) or with BNL-787/949 value (lower panel).

equation (32)). After the stopping of KOPIO experiment by US DoE, the future of K_L → π^0νν̄ decay study relies on the step by step approach of J-PARC hadron facility. A Letter of Intent [76] has been presented, which foresees firstly to move the E391a detector at J-PARC, and afterwards the building of a new detector and a dedicated beam line with the aim to collect about 100 K_L → π^0νν̄ events, if SM holds Because of the BNL-787/949 measurements, the situation is completely different for the K → πνν̄ charged mode. As already noted, a ∼100 events measurement could clarify the apparent discrepancy between the BNL measurement and the SM theoretical predictions. Unfortunately the BNL program for the study of K^± → π^±νν̄ decay using stopped kaons was terminated prematurely. Five years ago at Fermilab, another initiative [77], called Charged Kaon at the Main injector (CKM) and based on in-flight decay technique to measure K^± → π^±νν̄ with a statistics of 100 events, was proposed. The experiment was approved, but never funded and eventually terminated.

The main background in studying K^± → π^±νν̄ decays comes from the abundant K^± → π^±π^0 events. A kinematical constraint can be used (see regions I and II in figure 14) to separate signal from background. However events in which the π^0 is lost and the the K^± and the π^± are not properly reconstructed can fake the signal. Moreover, due to the dependency of the photon detection efficiency from the kaon momentum, the use of a higher kaon beam momentum can help in the π^0 rejection. These considerations drove the proposal P326 (a.k.a. NA48/3) [78] for the CERN SPS which delivers protons of 400 GeV. The P326 strategy relies on a 10^{−8} π^0 rejection (this requires a

XXVI Physics in Collison, Búzios, Rio de Janeiro, 6-9 July 2006 13

FIG. 14: The missing mass spectrum for the K^± → π^± νν̄ decay and the other main K^± decays.

single photon rejection of 10^{−5} for E_γ > 1 GeV), on a redundant particle identification, and on the need of tracking and precisely timing about 800 MHz of particles. P326 aims to receive full approval by end of 2006 and expects to collect about 100 events in two years with 10 % of background.

VIII. CONCLUSIONS

There is plenty of new results in kaon physics since the 2005 Physics in Collision edition. In this talk only a selection of these has been reported in. The NA48/2 experiment searching for direct CP violation in charged kaon decays, measured the asymmetries A_g and A^0_g respectively in K^± → π^±π^+π^− and

K^± → π^±π^0π^0 decays. With the present experimental accuracy, both asymmetries are compatible with zero. The unexpected ππ scattering length measurement in the K^± → π^±π^0π^0 channel, opened a new way to test the structure of the ππ interaction at low energies. Using an up-to-date set of experimental measurements of form factors, branching ratios and lifetimes from KLOE, KTeV, BNL E865, and NA48 experiments, a new determination of the Cabibo angle V_{us} has been done proving the unitarity of the CKM matrix at 1σ level. The NA48/2 preliminary measurement of R_K and some theoretical works, renewed the interest in K^±_{l2} decays as particular interesting probe of new physics effects. Finally the status and the perspectives for the golden-plated decays K → πνν̄ have been presented, with the step by step approach followed at KEK for the BR measurement of the K_L → π^0νν̄ decay and the proposal to measure the K^± → π^±νν̄ branching ratio at CERN SPS.

Kaons offer a unique playground to the test the Standard Model and to shed light on physics beyond the SM.

Acknowledgments

I am grateful to G. Isidori and F. Mescia for illuminating discussions in preparing the talk presented at the conference. I would like also to thank my colleagues of the KLOE collaboration A. Antonelli, C. Gatti, and M. Moulson for their support in the drawing up of this manuscript.

[1] Batley J R. Phys. Lett. B 634 (2006) 474-482 [2] Batley J R. Phys. Lett. B 638 (2006) 22-29, Erratumibid. Phys. Lett. B 640 (2006) 292-296 [3] Batley J R. Phys. Lett. B 633 (2006) 173-182 [4] Bell J S and Steinberger J,. Proceedings Oxford Int.

Conf. on Elementary Particles (1965) [5] Ambrosino F, at al. (KLOE). submitted to JHEP, hep-ex/0610034 [6] Fiorini L (NA48). PoS(HEP2005) 288 (2006) [7] Fanti V, et al. (NA48). Phys. Lett. B 465 (1999) 335.

Lai A, et al. (NA48). Eur. Phys. J. C 22 (2001) 231. Batley J R, et al. (NA48). Phys. Lett. B 544 (2002) 97. [8] Alavi-Harati A, et al. (KTeV). Phys. Rev. Lett. 83 (1999) 22.

Alavi-Harati A, et al. (KTeV). Phys. Rev. D 67 (2003) 012005, erratum: Phys. Rev. D 70 (2004) 079904.

[9] Aubert B, et al. (KTeV). Phys. Rev. Lett. 87 (2001) 091801.

[10] Abe K, et al. (KTeV). Phys. Rev. Lett. 87 (2001)

091802.

[11] Aubert B, et al. (KTeV). Phys. Rev. Lett. 93 (2004) 131801.

[12] Abe K, et al. (KTeV). Phys. Rev. Lett. 93 (2001) 021601.

[13] Eidelman S et al. 2004 Phys. Lett. B 592 (2004) 1. [14] W-M Yao et al. 2006 J.Phys.G: Nucl. Part. Phys. 33 1. [15] Isidori G, Maiani L, and Pugliese A. Nucl. Phys. B 381 (1992) 522.

[16] Maiani L, Pancheri G, Paver N, eds. The Second DAΦNE Physics Handbook, Frascati, Italy: Lab. Naz. Frascati (1995).

[17] Avilez C. Phys. Rev. D 23 (1981) 1124. [18] Bel’Kov A A et al.. Phys. Lett. B 232 (1989) 118. [19] D’Ambrosio G, Isidori I, and Martinelli G. Phys. Lett.

B 480 (2000) 164.

[20] Cabibbo N. Phys. Rev. Lett. 93 (2004) 121801.

Cabibbo N and Isidori G. JHEP 503 (2005) 21. [21] Colangelo G, Gasser J, and Leutwyler H. Phys. Lett.

B 488 (2000) 261.

FRIPL05

14 XXVI Physics in Collison, Búzios, Rio de Janeiro, 6-9 July 2006

Colangelo G, Gasser J, and Leutwyler H. Nucl. Phys. B 603 (2001) 125.

Roy S M. Phys. Lett. B 36 (1971) 353.

Ananthanarayan B, Colangelo G, Gasser J, and Leutwyler H. Phys. Rep. 353 (2001) 207.

[22] Pislak S et al.. Phys. Rev. D67 (2003) 072004.

For an independent analysis of the E865 data see: Descotes-Genon S, Fuchs N H, Girlanda L, and Stern J. Eur. Phys. J. C 24 (2002) 469.

[23] Caprini I, Colangelo G, and Leutwyler H. Int. J. Mod.

Phys. A 21 (2006) 954 (hep-ph/0509266) and references therein.

[24] Kobayashi M, Maskawa T. Prog. Theor. Phys. 49:652 (1973) [25] Cabibbo N. Phys. Rev. Lett. 10:531 (1963) [26] Sher A, et al. Phys. Rev. Lett. 91:261802 (2003) [27] Alexopoulos T, et al. (KTeV Collab.) Phys. Rev. Lett.

93:181802 (2004); Alexopoulos T, et al. Phys. Rev. D 70:092006 (2004) [28] Alexopoulos T, et al. (KTeV Collab.) Phys. Rev. D 70:092007 (2004) [29] Yushchenko OP, et al. Phys. Lett. B 589:111 (2004) [30] Yushchenko OP, et al. Phys. Lett. B 581:31 (2004) [31] Lai A, et al. (NA48 Collab.) Phys. Lett. B 604:1 (2004) [32] Chen H, Du D, Li W, Lu C, eds. Proc. Int. Conf. High Energy Phys. (ICHEP), 32nd, Beijing, 2004, Singapore: World Sci. (2005) [33] Litov L. (NA48 Collab.) See Ref. [32], p. 817 (2005) [34] Lai A, et al. (NA48 Collab.) Phys. Lett. B 602:41 (2004) [35] Ambrosino F, et al. (KLOE Collab.) Phys. Lett. B 626:15 (2005) [36] Ambrosino F, et al. (KLOE Collab.) Phys. Lett. B 632:43 (2006) [37] Ambrosino F, et al. (KLOE Collab.) Phys. Lett. B 636:166 (2006) [38] Ambrosino F, et al. (KLOE Collab.) Eur. Phys. J. C hep-ex/0601025. In press [39] Aloisio A, et al. (KLOE Collab.) Phys. Lett. B 535:37 (2002) Ambrosino F, et al. (KLOE Collab.) Phys. Lett. B 636:173 (2006) [40] Proc. Int. Europhys. Conf. High Energy Phys.

(HEP2005), Lisbon, 2005, Sciascia B. (KLOE Collab.) PoS(HEP2005)287 (2006) [41] Winhart A (NA48). PoS(HEP2005) 289 (2006) [42] Tchikilev O (ISTRA+). PoS(HEP2005) 266 (2006) [43] Ademollo M, Gatto R. Phys. Rev. Lett. 13:264 (1964) [44] Sirlin A, Rev. Mod. Phys. 50:573 (1978); Nucl. Phys.

B 196:83 (1982) [45] Cirigliano V, et al. Eur. Phys. J. C 23:121 (2002);

Cirigliano V, Neufeld H, Pichl H. Eur. Phys. J. C 35:53 (2004) [46] Davies CTH, et al. Phys. Rev. Lett. 92:022001 (2004) [47] Leutwyler H, Roos M. Z. Phys. C 25:91 (1984) [48] Bećirević D, et al. Nucl. Phys. B 705:339 (2005);

Dawson C, et al. (RBC Collab.) See Ref. [52], PoS(LAT2005)337 (2005)

[49] Marciano WJ, Sirlin A. Phys. Rev. Lett. 96:032002 (2006) [50] Marciano WJ, Phys. Rev. Lett. 93:231803 (2004) [51] Finkemeier M. Phys. Lett. B 387:391 (1996); Finkemeier M. See Ref. [16], p. 389 (1995); Decker R, Finkemeier M. Phys. Lett. B 334:199 (1994) [52] Proc. Int. Symp. Lattice Field Theory, 23rd, Dublin, 2005, Trieste, Italy: Sc. Int. Super. Stud. Avanzati (2005). http://pos.sissa.it [53] Bernard C, et al. See Ref. [52], PoS(LAT2005)025 (2005) [54] Ambrosino F, et al. (KLOE Collab.) Phys. Lett. B 632 (2006) 43 [55] Aubin C et al., MILC Collaboration, Phys. Rev. D 70 2004 114501 Marciano W J Phys. Rev. Lett.96 2006 032002 [56] Lüders G, Annals Phys. 2 (1957) 1, reprinted in Annals Phys. 281 (2000) 1004.

[57] See e.g. Kostelecky V A and Lehnert R, Phys. Rev.

D 63 (2001) 065008; N. E. Mavromatos, AIP Conf. Proc. 796 (2005) 13; and references therein.

[58] CPLEAR Collaboration, Physics Report No. 374 (2003) 165.

[59] KLOE Collaboration, Physics Letters B638 (2006) 140.

[60] KTeV Collaboration, hep-ph/0604035. Submitted to PRL.

[61] KTeV Collaboration, Physics review Letters 96 (2006) 101801.

[62] E731 Collaboration, Phyics Review Letters 70 (1993) 2525.

[63] NA48 Collaboration, Physics Letters B630 (2005) 31. [64] NA48 Collaboration, Physics Letters B610 (2005) 165.

[65] KLOE Collaboration, Physics Letters B619 (2005) 61. [66] Marciano W J and Sirlin A. Phys. Rev. Lett. 71 (1993) 3629;

Finkemeier M. Phys. Lett. B 387 (1996) 391 [67] Masiero A, Paradisi P, and Petronzio R. Phys. Rev.

D 73 (2006) 055017, hep-ex/0511289 [68] “The CKM quark-mixing matrix” review and references therein, in [14] [69] Buras A J, Gorbhan M, Haisch U, and Nierste U.

Phys. Rev. Lett. 95 (2005) 261805 [70] Buras A J, Schwab F, Uhlig S. hep-ph/0405132 [71] Adler S et al.. Phys. Rev. Lett. 88 (2002) 041803 [72] Anisimovsky V V et al.. Phys. Rev. Lett. 93 (2004) 031801 [73] Grossman Y and Nir Y . Phys. Lett. B 398 (1997) 163-168 [74] Ahn G K et al.. Phys. Rev. D 74 (2006) 051105 [75] Alavi-Harati er al.. Phys. Rev. D 61 (2000) 072006 [76] Hsiung Y B et al.. “Measurement of the KL → π^0νν̄ branching ratio”, submitted to the J-PARC Committee for Nuclear and Particle Physics Experimental Facility.

[77] Cooper P S. Nucl. Phys. Proc. Suppl. B 99 (2001) 121 [78] Anelli G et al.. CERN-SPSC-2005-013

FRIPL05