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1. Introduction

Despite the great success of the Standard Model (SM) in ibesgrall the low energy mea-
surements so far, it is generally believed that it only repnts the low energy limit of a more
fundamental theory. There exist two main roads to look forspds beyond the Standard Model:
direct searches for new particles (Charged Higgs, Supemgtritc particles, Z’, W'...) at high en-
ergy colliders and indirect searches, for instance in flapbysics, through precision experiments,
providing sensitivity to the new degrees of freedom at highrgy which are suppressed at low
energy. For such high precision studies, we will discusiéfollowing two low-energy processes
namely theK,, andK,3 decays. After having reviewed the necessary theoreticds$ to study
them, we will present the stringent tests of the SM that thdasurements offer.

2. Theoretical framework

2.1 K3 decays

TheK,3 decays represent the gold plated channel to exfvagtwith an impressive precision.
This is done by measuring, for the four mod&s=£ K*, K® and/ = p, €), the K.z decay rates
conveniently decomposed as

GZM?

2
l
Moy = Too Ik (1+ 2080+ 28875 ) - (2.1)
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whereGe is the Fermi constant extracted from muon dec&g, = 1+ 22 (1—442)log (M—i) +

0 (%2) =1.02323) [1, 2] denotes the short distance electroweak correcﬁgrthe Clebsh Gor-
dan coefficient equal to 1 (1/2) for the neutral (charged) kaon decay&,™ (0) the KO — -
vector form factor at zero momentum transfer, apdhe phase space integral which depends on
the form factor parameters (slope, curvature...). To camghe latter, we need information about

thet-dependence of the form factors defined by the QCD matrix etésn

(TP [SYuUlK (pk ) = (Pt P ) X710 + (Pk — P FET(1) (2.2)

wheret = (px — prr)? = (pe+ pv)2. The vector form factof K™ (t) represents the P-wave projection
of the crossed channel matrix elemédjsy* u|K 1), whereas the S-wave projection is described by
the scalar form factor defined as

T (2.3)

K _ ¢K
fO n(t) = f+n(t)+m _

By construction, f§{7(0) = f£7(0). Since f™(0) is not directly measurable, it is convenient
to factor out it in Eq. (2.1) and therefore we introduce thenmalized form factorsf, o(t) =
ff”g(t)/ff”(O) with f,(0) = fo(0) = 1. Finally, A}, represents the channel-dependent long dis-
tance electromagnetic corrections dkgg(z) the correct|on induced by strong isospin breaking.
To extract|Vys| from theK,3 decays using Eq. (2.1), one has to measureKtgelecay rates,
to compute the phase space integrals from the form factosmmements and to use the theoretical
estimates of\f,, AK”( 2 andf, (0) = f<°7(0). In the following, we will review the evaluation of
these different ingredients.
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2.1.1 Electromagnetic effects

The long distance electromagnetic correctidig, entering Eq. (2.1) were estimated only
model-dependently [3, 4, 5] until recently where they weakeulated in the framework of Chiral
Perturbation Theory (ChPT) including photons and leptorardlere? p? [6, 7]. To this order, both
virtual and real photon corrections contribute. The virptzoton corrections consist in loops and
tree level diagrams with an insertion 6{€? p?) unknown low energy constants (LECs) which have
to be estimated relying on models or lattice calculationskRef. [7], a fully inclusive prescription
for real photon emission has been used as well as the moret réegerminations of the LECs
[8, 9] based on largdl- calculations. The results are reported in Tab. 1 and cordgarprevious
determinations for the neutral modes from Ref. [5]. Thersrguoted for Ref. [7] in Tab. 1 are
estimates of (only partially known) higher order contribans. As can been seen, the values agree
within 1o. The use of ChPT has allowed to improve the previous detatioims where the ultra
violet divergences of the loops were regulated with a ctitddie electromagnetic corrections to the

Kes Kes Kiia Kiig
A1 (%) [7] | 0.495+ 0.110| 0.050+ 0.125 0.700-+ 0.110| 0.008+ 0.125
ARG (%) [5]| 0.65+ 0.15 - 0.95+ 0.15 -

Table 1: Summary of the electromagnetic corrections to the fullghisiveK3 ) rate [7] compared to the
ones from the model of Ref. [5].

Dalitz plot densities can also be found in Ref. [7] and thaylsa large (up te- 10%). Therefore,
they are crucial to consider in the experimental extraatibtihe form factor parameters.

2.1.2 Isospin-breaking corrections and quark massratios

In Eq. (2.1), fforr(O) is pulled out for all decay channels, factorizing the isndmieaking
corrections in theﬁgg(z) = fXm(0)/ X" (0) — 1 term. At leading orderd(p?)) in ChPT,Agg(z)
is only due tor® — n mixing and is thus proportional to the quark mass ra;i@*ég(2> =3/(4R)
[10] with R= (ms— M) /(myg —my), M being the average of theandd quark masses. At NLO of

the chiral expansionf(p*)), it reads [11]

31 4|\/| — M2

wherex = 0.219 [10] is ano'(p*) ChPT correction andy, is a correction related to the ratios of
guark masses through

MZ  mg+rh Q?
W = oy (1+ou+0me)) == (1+8u+0(m)) (2.5)

Q? = (mé — ) /(m§ — m2) being the quark mass double ratio. Hence, to determﬁ[{?z), the

crucial inputs are the quark mass ratRsndQ?. One can extract them from the analysis of the
n — 3m decays or from the kaon mass splitting. A recent analysisgusie latter method and
including the electromagnetic effectsétp?e?) enteringAT o) Obtains [12]

R=335+4.3, and Ag(j, = 0.029+0.004. (2.6)
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This is based on an evaluation of the electromagnetic logveggncouplings [8] leading to a large
deviation of the Dashen’s limit [13]. Note that the analyséshe n — 31 decays [14, 15, 16]
give results foR which are higher and thus an isospin correction smaller byrat 120. Indeed
an update of Ref. [15] wherR was found to beR = 40.8 + 3.2 presented in Ref. [11] gives
Aé(}(z) = 0.0236+40.0022. New analyses of this decay based on recent data [11} aregress
[18, 19] and should shed light on this issue. It is also pdsdi measure the quark mass ratios
on the lattice, see Ref. [20] for a recent overview. For imstqa taking the results from MILC

collaboration [21], one gelR = 33.3+ 2.8 in good agreement with Eq. (2.6).

2.1.3 Determination of the phase space integrals and parametrization of the form factors

The last ingredient in order to extradt. (0)Vys| from Eq. (2.1) is the calculation of the phase
space integraldy;. To that aim, one needs to determine the normalized vectbrsaalar form
factors, f_+(t) and fg(t), entering this calculation. This can be achieved by a fit eortleasured
distributions of theK,s decays assuming a parametrization for the form fattdbifferent exper-
imental analyses df,3 data have been performed in the last few years, by KTeV [2],\@48
[24, 25], and KLOE [26, 27] for the neutral mode and by ISTRA&8][for the charged mode.

Among the different parametrizations available, one catirdjuish two classes [23]. The
class called class Il in this reference contains paranadivizs based on mathematical rigorous
expansions where the slope, the curvature and all the hayker terms of the expansion are free
parameters of the fit. In this class, one finds the Taylor esipan

Faty = 14 A oty Sy (L i Lym (1 i (2.7)
+70()— + +’OM_72-[+§ +0 M_% +6 +.0 M_,z-[ +..., .

whereA! ; andA? 4 are the slope and the curvature of the form factors resmgtibut also the
so-called z-parametrization [29, 30].

As for parametrizations belonging to class |, they correspm parametrizations for which
by using physical inputs, specific relations between thpeslthe curvature and all the higher or-
der terms of the Taylor expansion, Eq. (2.7), are imposeds dltows to reduce the correlations
between the fit parameters since only one parameter is fitteelaich form factor. In this class,
one finds the pole parametrizatidf%e(t) = M3 s/(MZ s —t) in which dominance of a single res-
onance is assumed and its mb&ss is the fit parameter. Whereas for the vector form factor a pole
parametrization with the dominance of t&(892) (My ~ 892 MeV) is in good agreement with
the data, for the scalar form factor there is not such an aisvitbominance. One has thus to rely, at
least forfE(t), on a dispersive parametrization which preserves andilytad unitarity.

The Callan-Treiman Theorem Measuring the scalar form factor is also of special intedest
to the existence of the Callan-Treiman (CT) theorem [31]olvhiredicts the value of the scalar
form factor at the so-called CT poirit= A = MZ — M2,

- fk 1

C = fo(Akn) = T, 7.(0) +Acr, (2.8)

1in the Dalitz plot density formulafy is multiplied by a kinematic factofm, /My )2, making it only accessible in
theK;3 decay mode.
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wherefk , are the kaon and pion decay constants respectivehand- &'(myq/41Fy) is a small
correction. ChPT at NLO in the isospin limit [10] gives

Act = (—3548) x 1073, (2.9)

where the error is a conservative estimate of the higher @ateections [32].

This correction is small enough that the right-hand side @f .8) can be determined with
sufficient accuracy from branching ratio measurementstticéaQCD calculations, as discussed
in section 3.3, to compare with measured irK;3 decays. Thus apart from the determination of
[Vus| which is used to test the unitarity of the CKM matrix withiretlsM, a measurement Gf
provides an other interesting test of the SM namely a testeo€ouplings of the light quarks to the
W-baoson. It can also give constraints on the presence ofjellariggs or charged right-handed
current couplings, see section 3.3.

Another interest in the experimental determination of thepe offo is the possibility of
determining some LECs appearing in ChPT [34].

Dispersive parametrization for theform factors Motivated by the existence of the CT theorem
a dispersive parametrization for the scalar form factorbeen proposed in Ref. [35]. Two sub-
tractions are performed, onetat 0 where by definitionf_o(O) =1, and the other one at the CT
point. Assuming that the scalar form factor has no zero, anenrite

is . m mT— e d
i p(t):exp[At?T(lnC—G(t))] with G(t):W/(MHMH)ZE‘(S_AKS((:)_FE).

(2.10)

In this case the only free parameter to be determined fromaitfie data is I@, the logarithm ofC,
Eqg. (2.8).@(s) represents the phase of the form factor. According to Watsheorem [36], this
phase can be identified in the elastic region with the S-wiaxel /2 K 1T scattering phase. The fact
that two subtractions have been made in writing Eq. (2.10wal to minimize the contributions
from the unknown high-energy phase (taken torke 1) in the dispersive integral. The resulting
functionG(t), Eq. (2.10), does not exceed 20% of the expected valuecdirinting the theoretical
uncertainties which represent at most 10% of the valug(of [35, 37].

A dispersive representation for the vector form factor hasnbbuilt in a similar way [37].
Since there is no analog of the CT theorem, in this case, tbestitractions are performed at
t = 0. Assuming that the vector form factor has no zero, one gets

FPP(t) — exp| b (A, +H(D)] with H(y = Mt 7 0589 (2.11)

% T JMg+Mp2 & (S—t—ig)
A, = M2df,(t)/dtl;_o is the fit parameter ang, (s) the phase of the vector form factor. Here,
in the elastic regiong, (t) equals the P-wavé,= 1/2 Kt scattering phase according to Watson’s
theorem [36]. Similarly to what happens f&; the two subtractions minimize the contribution
coming from the unknown high energy phase resulting in aivelg small uncertainty orH (t).
Since the dispersive integril(t) represents at most 20% of the expected valuA ofthe latter

2A complete two-loop calculation dict [33], as well as a computation &t(p*, €2 p?, (mq —my))[12] give results
consistent with this estimate.
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can then be determined with a high precision knowkitig) much less precisely. For more details
on the dispersive representation and a detailed discussitime different sources of theoretical
uncertainties entering it via the functio@sandH, see Ref. [37].

Using a class Il parametrization for the form factors in adiKyz decay distribution, only two
parametersX’. andA’ for a Taylor expansion, Eq. (2.7)) can be determined_frc(t) and only one
parameterA for a Taylor expansion) fofg(t). Moreover these parameters are strongly correlated.
It has also been shown in Ref. [35] that in order to describddim factor shapes accurately in the
physical region, one has to go at least up to the second ardbe iTaylor expansion. Neglecting
the curvature in the parametrization fft) generates a bias in the extractionAgfwhich is then
overestimated [35]. Hence, using a class Il parametrizdto fB(t) doesn't allow it to be extrapo-
lated from the physical regiomrﬁ <t < (Mk —Mgp)?) up to the CT point with a reliable precision.
To measure the form factor shapes fr&m decays with the precision demanded in the extraction
of |Vig|, it is thus preferable to use a parametrization in class Ithod for all the reasons given
before the dispersive parametrization of Egs. (2.10) aridiljZor the form factors.

Resultsof thedispersiveanalyses A dispersive analysis has now been performed by NA48 [25],
KLOE [27] and KTEV [23] for theirK,_ ;3 decays. The results are presented in Fig.1 calculating
from Eq. (2.11) the slope and curvature of the vector forntofaend in Fig.2 for the slope of
the scalar one calculated from Eq. (2.10). For comparidenrdsults coming from an average of
the fits using a quadratic Taylor expansion faj(t) and a linear one f0|f_o(t) (quadratic/linear

225 25 275 30 1 15 2 2.5
: : : . :

T T T T T T T T
K analyses K, analyses
° Flavianet Kaon WG 2008 I . ] Flavianet Kaon WG 2008
° NA48 2007 ° NA48 2007
—e— KLOE 2008 ® KLOE 2008
PY KTeV+BOPS 2009 ° KTeV+BOPS 2009
T decay analyses T decay analyses
- Jamin, Oller & Pich 2008 b Jamin, Oller & Pich 2008
- Boito et al 2009 (o Boito et al 2009
- Moussallam 2007 =) Moussallam 2007
| L 1 L | L | | | 1
225 25 275 30 1 ‘ 1.5 ‘ 2 ‘ 25
o 3 ' '
A,’ in units of 10 A, in units of 10°

Figure 1: Results oM/ (left) andAY (right) from the dispersive analyses of tKg; decays [25, 27, 23]
compared to the average of quadratic/linear analyses fnenfrlavianet Kaon Working Group (WG) [38]
and to the results from — Krv; analyses [41, 42, 43].

analysis) from the Flavianet Kaon Working Group (WG) [38} afso represented. It can be seen
that for the vector form factor the results of the dispersimalyses of KLOE, KTeV and NA48
agree reasonably well foY’ and very well forA}. The dispersive analyses improve very much
on the precision of the measured slope and curvature coohparthe previous quadratic/linear
ones; especially the result on the curvature is improved factor 4 compared to the average of
the quadratic/linear fits. The vector form factor can alsaé®rmined from studies af — Krv;
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T — T T

Experiment  Channel o r e e een e 28
KTeV[23] Kius+Kies 0.192(12) 0.978(1¢ e
KLOE [27] Kius+Kies 0.204(25) 0.990(2€
NA48 [25] Kius 0.144(14) 0.932(1F HE—— R

SM 02141(73) 1 —e—i KTeV+BOPS 2009

L n | N N
75 10 125 15 175 20 225 25 275
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Figure 2: Left: Table, Results on @ from the dispersive analyses of thg; decays [25, 27, 23] compared
to the SM expectation and extractionrofeq. (3.6). The SM expectation fordnis obtained from Eq. (3.4)
using (fk /(fzf1(0)))|su, EQ. (3.5), and\ct, Eq. (2.9), as input values. Right: Results Ajfrom the
dispersive analyses of th&3 decays [25, 27, 23] compared to the average of the quadirasay analyses
from the Flavianet Kaon WG [38].

decays using the recent data from Belle [39] and BaBar [40¢ rEsults using Belle data are shown
in Fig.1. To describe the decays, one needs to know the phase of the vector form fadbaylaer
energy than for th&,3 decay fits. To determine it in the inelastic region, one has tb rely on
models. For instance, in Refs. [41, 42] the inelastic efféelve been neglected and two resonances
have been included and in Ref. [43] a coupled-channel aigaigs been performed. As can be
seen from Fig.1, there is a very good agreement withkthheanalyses for both determination of
the slope and curvature with a much smaller uncertainty erdétermination of the curvature. A
combination of the two analyses, as presented in Ref. [44],be very interesting to perform in
order to have a better determination of the vector form fguémameters and to test the correlation
between slope and curvature imposed by the dispersiomomelased in the,3 analyses.

As for the determination of the scalar form factor, the rissoh its slope shown in figure 2
(right) from KLOE and KTeV are in agreement whereas the ooefiNA48 differs from the others
by 4.20. A{ is found to be small, of order-A0~* but it can't be neglected to reach a high degree
of precision. In principle, a measurement of the scalar ffarctor is also possible from the lowest
energy part of thea — Krv; decay distribution where it dominates. But, at presentptiegision
at threshold is not high enough to allow for a competitiveed®ination of the scalar form factor
parameters from this decay. A measuremerf_b(jf) from T — Krv; decays with a good precision
will certainly be possible in the near future thanks to nevasugements, see for example Ref. [45].
MoreoverK™ measurements from NA48 and KLOE are underway which might teekolve the
puzzle on the scalar form factor measurement.

2.1.4 Determination of f, (0)

Using the theoretical inputs described before and the neasint experimental data [38], from
Eqg. (2.1), one gets as an average on the neutral and charghss ]

|f. (0)Vys| = 0.21635) . (2.12)
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Figure 3: Left: Present determinations df. (0) = ffof (0) in blue from analytical or semi-analytical
approaches [48, 49, 50, 51, 12] compared to the ones in redlattice QCD [53, 54, 56, 57, 58]. Right:
fk / T from lattice QCD calculations [62, 63, 64, 65, 66, 67, 68, 3]e yellow bands correspond to average
values given in [60, 59] anN denotes the number of dynamical quarks. Figures courteSy 8imula.

To determingV,s|, one has to calculate the hadronic key quantity0). In the chiral limit and,
more generally, in th&J(3) limit (m, = my = mg) the conservation of the vector current (CVC)
implies f, (0)=1. Expanding around the chiral limit in powers of light gkianasses we can write

f,(0) =1+ fot fat..., (2.13)

wheref, = 0 (mﬂ7d75/(4nfn)”>, f, and f4 being the NLO and NNLO corrections in ChPT. The
Ademollo-Gatto theorem [47] implies that, (0) — 1] is at least of second order in the breaking
of J(3) so thatf, is free of any LECs. It can therefore be computed with highueaxy: f, =
—0.0227 [10, 48]. The difficulty is then in the calculation of theantityAf

Af=fa+fe+...= 1 (0)— (1+f2), (2.14)

which depends on some LECs. The original estimate based ank quodel from Leutwyler and
Roos (LR) [48] giveA f = —0.016(8) and f, (0) = 0.961(8). Then more recently some analytical
calculations have been performed to evaluate the NNLO fierwriting it as

fo = A1) + fa *°(u), (2.15)

whereA(u) is the loop contributionu being the renormalization scale which has been computed
in Ref. [49], andf4|'°°(u) is the &(p®) local contribution which contains unknowfi(p*) and
0(p®) LECs. To estimate the latter term various models have beet namely a quark model
[49], dispersion relations [50] or/Nc estimates [51]. These calculations allow for a better antr
of the systematic uncertainties. The values obtained aremsuwized in Fig. 3 (left). They are
significantly larger than the LR estimate leading to smellé(3) breaking effects ori, (0).

Note that in principle the NNLO ternfy may be obtained from the measurement of the slope
and the curvature of the scalar form factigft) [49, 34]. The present level of precision coming
from theK ;3 measurements as well as the knowledge ofaiip*) LECs entering the calculation
limit the precision of the extraction. The procedure of agéng the scalar form factor parameters
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within the Flavianet kaon working group as well as the updditthe determination of the(p*)
LECs [52] should improve on the precision of this determoratn the near future.

As it was discussed at this conference, lattice calculatgive very precise results fdr_(0),
up to the level of ®% as shown in Fig.3 (left). They are in agreement with thelltefsom
the pioneering work of LR [48] but give larg&J (3) breaking compared to the recent analytical
estimates. This is essentially due to the large positivelbwp contribution [49]. Note that only
one calculation forf, (0) in Ny = 2+ 1 flavours exists. Using this result [58] leads to [4¥]s| =
0.224312), which is at the moment the most precise extractiofvgy.

2.2 Kyp/ 7 ratio of decay rates

Another possibility to extraclV,s| is to use the photon inclusiv€s, /1y, ratio of decay rates
written as [2]

5 2
rKfém _ Vs feMk (1—m§/M,%> (1+ Bem) (2.16)
rné(y) Vud | F2Mz \ 1 rn%/MIZT ’

where o, stands for the long-distance electromagnetic (EM) caoestand depends on the
hadronic structure and the particle masses as well as ondtiecgnagnetic radiative corrections.
For more details on its calculation, see Ref. [2]. By takihg tatio, I'Ki /I'ni , Eq. (2.16), all
the channel-independent corrections cancel allowing timate the EM correctlons with a good
precision,dem = —0.007035) [61]. Hence from the experimental measurements of the cdtio
decay rate§ Ky /T T’ one can extract [60]

£2 | Vis |

2 Vi
To accessVis|/|Vud|, one needs to know the ratio of the kaon versus pion decayardssy / f;.
The analytic evaluation of this ratio within ChPT dependsady at order’(p*) on the determina-
tion of some LECs and thus bring additional uncertaintidss i why the most precise evaluations
come from lattice QCD calculations.

The status of the lattice results fé¢ / f;; is summarized in Fig. 3 (right). The agreement be-
tween the different results is remarkable and the presesriathvaccuracy is very good being of
about 1%. For discussions and details on the lattice setngsesults, we refer to the forthcom-
ing review by the Flavianet Lattice Averaging Group (FLAG¥gented at this conference by G.
Colangelo [59] and also to the talk by P. Boyle [70]. As présdrin [71], taking for illustrative
purpose the HPQCD-UKQCD result [65], one gig|/|Vua| = 0.231915).

= 0.2758+ 0.0007. (2.17)

3. Applications: Stringent tests of the Standard M odel

3.1 Determination of |V,s| and the CKM unitarity test

Combining the result ofV,s| from K3 decays, with the one oWs|/|Vud| from the K,/ 112
decay ratio and the one ¢%,q| from superalloweq decays [76] in a global fit allows to improve
on the precision of the determination|ufs| and to perform a very precise test of the CKM unitarity
(test of unitarity of the first row of the CKM matrix) which lda to stringent constraints on new
physics scenarios [38, 72, 73], see talk by M. Palutan [71].
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3.2 Test of lepton universality and extraction of the quark massratio using Ky3 decays

The precision reached in the measurements okthedecays [38] and in the determination
of the EM corrections, see section 2.1.1, allows for puttiegy interesting constraints on lepton
universality and also for a precise extraction of the quaassiratiosQ) andR. Concerning the test
of lepton universality, using Eq. (2.1), one can determheeratio

1/2

G r
K K“3K(1+2A — 2AKHy (3.1)

ru/ezge— I

MK

Averaging charged and neutral modes, one ggis= 1.002+0.005 [46] consistent with lepton
universality. With an accuracy of &%, this determination becomes by now competitive with iothe
determinations such as the one coming frodecays, see [71].

In addition, a phenomenological determinatioméﬂ(2>, see section 2.1.2, is by now possible
comparing the results on charged and neutral decay widthg2EL). One obtains [38, 71]

M 15 /M 1
Kt T Kg KO KO L raAKte  AKO? 0
Ag(yp) = FKo i (MK+ > 5 [AEm — DEm] = 2.7(4)% (3.2

in very good agreement with the value of Eq. (2.6), favouargmall value for R
R=332+47. (3.3)

3.3 Testsof the SM dectroweak couplingsviathe CT theorem with K3 and K;, decays

Among the possible tests of the Standard Model and the newigshgcenarios usings
and Ky, decays, the Callan-Treiman theorem, Eq. (2.8), offers & s&ingent test of the SM
electroweak (EW) couplings due to the small sizé&ef, Eq. (2.9). The test consists of comparing
the value offx /(f; f1(0)) deduced from the measurement of C from kg dispersive analyses
using the Callan-Treiman theorem rewritten as

fi
K _cohcr, 3.4

to the value offx /(f; f(0))|sv determined by assuming the SM EW couplings and using the
experimental measurements DL& )/F,T& . Eqg. (2.16) [60], ofFKLe3<y), Eqg. (2.1), (from the
(2(y) /2(y)

electronic neutral mode) [46] and the value\dfy| [76]. One gets

f rKi 1 1/2
lw=a | —¥L _—_ V| = 1.242240.0043, (3.5)
fnf+( ) rnd: rKL83<y)

72(y)

with a, a constant determined from the theoretical inputs, see Efj%) and (2.16). If the two

values differ that means if

frf (0)
fi

is different from one, that would indicate the presence @ physics such as modification of EW

couplings of quarks due to exchanges of new particles clmsket TeV scale. This can be, for

instance, due to a direct coupling of right-handed quarktheoW-boson which appears at NLO

I’E(C—ACT)'

EY (3.6)
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of an Higgsless low-energy effective theory [35, 77] or toglings of quarks to a charged Higgs.
Hence the CT theorem can be used to constrain the massesearuliblings of the new particles
appearing in such scenarfpsee e.g. Refs. [35, 38, 71, 78] for further discussions. réBalts
from the different analyses are reported in the table, Fifef?) for InC, the logarithm ofC, Eq.
(3.4) and forr, Eqg. (3.6). The result of NA48 doesn’t agree with the onemfiTeV and KLOE
which are consistent with the SM expectation. It disagre#éh the SM at 450 indicating, if
confirmed, presence of physics beyond the SM. An effect detha of several percents would be,
however, difficult to accommodate in a charged Higgs scenahiere the effects for natural values
of the parameters are expected at the per mile level, whénet® Higgless case, that would
indicate an inverted hierarchy for the right-handed miximgirix Vk. As mentioned already, some
measurements especially for the charged modes are undawsnto solve this puzzle.

4. Lepton universality testsvia R

Let me briefly mention a particularly sensitive probe of ndwsics given by the universality
ratio

RYH = —[KW . (4.1)
Kuzy)

This quantity is helicity suppressed in the SM as a consagpiefthev — A structure of the charged
currents and thus is very small. Moreover it has been cakdilaith a very high level of accuracy
recently [74] in a first systematic calculationggp? leading to

RY/H = (2.4774+0.001) x 1075 . (4.2)

The uncertainty is at the level of 0.04 % mainly due to the faat to a first approximation many
contributions such as the hadronic ones cancel out by takiagatio. The hadronic structure
dependence only appears through EW corrections. So onenhat@valuate the diagrams with
photon connected to lepton lines. The relevant countegan® estimated by a matching with large
Nc QCD. In this work, the real photons corrections have beedted and the leading logarithms
have been resumed. The previous calculation of Ref. [75bkaa improved. However a discrep-
ancy at  exists between the two results but can be traced back togigtencies in the previous
analysis.

Measuring this ratio is very interesting since it has be@wsithat in realistic supersymmetric
frameworks with new sources of lepton flavour mixings, dévres from the SM can reach the
level of 1% [79]. Since the conference Kaon’07 there havenbemy impressive experimental
improvements in the measurement of this quantity as predeattthis conference [81, 82]. The
world average from March 2009 [80] is

RY/H = (2.468+0.025) x 1072 , (4.3)

confirming the SM expectation, Eq. (4.2). There is still rdmmimprovements on the experimental
side which could be achieved thanks to the NA62 experime?it [8

3Note that in charged Higgs scenarios the presence of saalatings affect the ratio of decay ratE@zm / I',TEM
as well as the extraction ofhfrom theK 3 decays contrary to the scenario with charged right-handeeats where
the measurement ofthisn't affected by the new couplings, see Ref. [38]. One has tb put constraints on the charged
Higgs effects by comparing the direct measuremes@ with the ratio( fx / f;f+(0))|su calculated on the lattice.
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5. Conclusion

The charged current analyses uskyg andK,, data have entered an area of very high preci-
sion. On the theoretical side, a lot of work has been perfdmi¢hin the last years to improve on
the precision of the determination of the electromagnetat iaospin breaking corrections. More-
over dedicated dispersive parametrizations to analys&ihdéorm factors with a high level of
accuracy have been built. A lot of progress has also been equerimentally, see [71]. This al-
lows for very precise tests of the SM such as the CKM unitdesg or lepton flavour violation ones
and gives interesting constraints on new physics scenaflog should notice that to improve on
the SM tests especially on the one using the CT theorem, onilweed to improve on the scalar
form factor measurements and especially in the chargednheharhere only one recent measure-
ment has been done [28]. This would also allow for a bettarigian on the extraction of the quark
mass ratidR. On the theoretical side, the determinationfof0) should be improved. Indeed, the
lattice determinations don’t agree well with the analytiesults and there is only ord; =241
flavours result. The recent progress of the lattice caliaratare in this respect promising.

Acknowledgments | would like to thank the organizers for their invitation afmt this very
pleasant and interesting conference. This work has begmoded in part by the EU contract
MRTN-CT-2006-035482 ("Flavianet").
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