PROCEEDINGS

OF SCIENCE

Vs and V4 determination

M. Antonelli*
Laboratori Nazionali di Frascati dell’INFN, Frascati, Italy
E-mail: Mario. Antonelli@nf.infn.it

| present the analysis of leptonic, and semileptonic ka@age and nuclear beta decays between
0" states. These analysis lead to a very accurate determiraftigs andV,q and allows us to
perform several stringent tests of the Standard Model.

Flavor Physics and CP Violation 2009 May 27 - June 1, 2009, Lake Placid, NY, USA

*Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Vs and Vg determinations M. Antonelli

1. Introduction

In the Standard Model, SM, transition rates of semileptgrocesses such at — ulty,
with d' (ul) being a generic down (up) quark, can be computed with highracy in terms of the
Fermi couplingGr and the elementg;; of the Cabibbo-Kobayashi Maskawa (CKM) matrix [1, 2].
Measurements of the transition rates provide thereforeiggadeterminations of the fundamental
SM couplings.

A detailed analysis of semileptonic decays offers also tssibility to set stringent constraints
on new physics scenarios. While within the SMdlll— ul¢v transitions are ruled by the same
CKM coupling Vji (satisfying the unitarity conditiory  [Vik|? = 1) andGg is the same coupling
appearing in the muon decay, this is not necessarily truertzbthe SM. Setting bounds on the
violations of CKM unitarity, violations of lepton univen#s, and deviations from th¥ — A struc-
ture, allows us to put significant constraints on various-péwsics scenarios (or eventually find
evidences of new physics).

An illustration of the importance of semileptonic decaysdsting the SM is provided by the
unitarity relation

[V |* + Musl® + Munl® = 1+ &np - (1.1)

Here theVj; are the CKM elements determined from the varidlis- ul processes, having fixed
Gr from the muon life time:G, = 1.1663716) x 10°GeV 2 [3] exp parametrizes possible
deviations from the SM induced by dimension-six operatoostributing either to the muon decay
or to thed' — ul transitions. By dimensional arguments we expggt ~ Mg /AZp, WhereAyp

is the effective scale of new physics. The present accuradyg|, allows to set bounds ogxp
around 01% or equivalently to set bounds on the new physics scalealiele 1 TeV[4].

1.1 Vg from nuclear decays

Nuclear beta decays betweeh §tates sample only the vector component of the hadronic weak
interaction. This is important because the conserved vectoent (CVC) hypothesis protects the
vector coupling constar@, = GgV,q from renormalization by background strong interactions. T
date, precise measurements of the beta decay betweemisospog states of spid/'= 0", and
isospin, T = 1, provide the most precise value\gf. A survey of the relevant experimental data
has recently been completed by Hardy and Towner [5].

For each transition, three experimental quantities haveetdetermined: the decay energy,
Qe the half-life of the decaying statg,,; and the branching ratid, for the particular transition
under study. The decay energy is used to calculate the ppase mtegralf, where it enters as
the fifth power. The partial half-life is defined &s-t; /R and the productt is

K

ft= o,
262V,

(1.2)

whereK /(hc)® = 2rRIn 2/ (mec?)® = 8120278711) x 1071° GeV*s. According to CVC thet
value is a constant independent of the nucleus under stagyattice, however, isospin is always
a broken symmetry in nuclei, and beta decay occurs in theepecesof radiative corrections, so a
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‘corrected’ ft value is defined by

K
2G2V2 (1+4Y)’

Ft=ft(1+85) (1 (& — dvs)) = (L.3)
so it is this corrected”t that is a constant. Here the radiative correction has bgegraed into
three components: (y is a nucleus-independent part that includes the univehsat-glistance
componentSgy affecting all semi-leptonic decays. Being a consta#itis placed on the right-
hand-side of Eq. (1.3); (ii§y is transition dependent, but only in a trivial way, sincaiitjdepends
on the nuclear charg&, and the electron energyge; while dys is a smallnuclear-structure depen-
dent term that requires a shell-model calculation for ital@ation. (iii) Lastly, d&c is an isospin-
symmetry breaking correction, typically of ordeb®b, that also requires a shell-model calculation
for its evaluation.

In Fig. 1 are shown the experiment&l values from the survey of Hardy and Towner [5] for
13 transitions, of which 10 have an accuracy at thig@®level, and three at up to thed0s level.
The corrected#t values are also given.

The weighted average of the 13 data is

Zt = 307183+ 0.7%ar+ 0.32ys:S (1.4)

with a corresponding chi-square per degree of freedoyt 0¥ = 0.31. Isospin-symmetry-breaking
correction,dc, are taken from an average [5] of two determinations obthimiéh the Hartree-Fock
and Saxon-Woods potential. Their differnece is taken aByaic.

UsingAY, = (2.631+0.038)% from [6] and.Zt from Eq. (1.4), the value of,q becomes

Vig = 0.97425+ 0.00022 (1.5)

The error is dominated by theoretical uncertainties; d@rpemt only contributes 0.00008 to the
error budget. Currently the largest contribution to theoetudget comes from the nucleus-
independent radiative correctidyy.

1.2 Determination of |Vs| from Kz and K3
1.2.1 Py (P = m,K) rates within the SM

Including all known short- and long-distance electroweakections, and parameterizing the
hadronic effects in terms of a few dimensionless coeffisietite inclusive® — ¢v,(y) decay rate
can be written as [7, 8]

G2 V|22 m2\ a
Mp, = MMpmg (1— M—f> &W[1+7—TF(Mp,mg,Mp,Ci)] (1.6)

2
am 2

whereV; =V, Vk =Vus . The factorSgyw describes the short-distance electromagnetic cor-
rection [9, 10] which is universal for all semileptonic pesses. Including also the leading QCD
corrections [7], it assumes the numerical vafiygy = 1.0232. The most recent calculation of
F(Mp,m;,Mp,G) is described in ref. [8].
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Figurel: Inthe top panel are plotted the uncorrected experimdmtzdhlues as a function of the charge on
the daughter nucleus. In the bottom panel, the correspg@din The horizontal grey band in the bottom
panel gives one standard deviation around the averagé of

As suggested by Marciano [11], a determination\gf/Vuq| can be obtained by combining
the experimental values for the decay rates with the latt&termination offk / f;; via

|\/hs|fK

r 1/2
Keary)
=0.2387430) | ——~ . 1.7
N A )<r ) 7

Tha(y)

The small error is an estimate of unknown electromagnetitritiutions arising at ordez?p*.

In the standard model, the rati(ﬁ%% = Fpﬁege(y)/l'p_)ug“(y) are helicity suppressed as a
consequence of thé — A structure of the charged currents, constituting sensgirades of new
physics. In a first systematic calculation to oréép?, the radiative corrections IB(;L have been
obtained with an unprecedented theoretical accuracy [8,Tt2 two-loop effective theory results
were complemented with a matching calculation of an assmtieounterterm, giving

Rr=(1.2352+0.0001) x 104, R« = (2477+0.001) x 10°° . (1.8)

1.2.2 K3 rateswithin the SM

The photon-inclusivé,3 decay rates are conveniently decomposed as [14]

Mg

0 2
MKy = 1o Vas KT (O) 1 (A0) (14 880+ 8ET)) (1.9)

CZSw

whereCZ = 1 (1/2) for the neutral (charged) kaon decagsy is the short distance electroweak
correction,fﬁfo’r (0) is theK — rrvector form factor at zero momentum transfer, #nd | o) is the
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phase space integral which depends on the (experimentalBssible) slopes of the form factors
(generically denoted by, o). Finally, K,f;l represent channel-dependent long distance radiative
corrections aneﬁg(L’}(z) is a correction induced by strong isospin breaking.

The results of the most recent calculation [15] of the fouarstel-dependent long-distance

electromagnetic correctiorgy, are shown in Tab. 1.

| K& | Kg | Kis | K
555 (%) | 0.99(22)| 0.10(25)| 1.40(22)| 0.016(25)

Table 1: Summary of the electromagnetic corrections to the fullghisiveK,3,) rate [15].

The strong isosipn breaking correction has been recentgtep todgj(’;)’ =0.0588) [16].
The hadronidK — 1 matrix element of the vector current is described by two fdaators
(FFs),f(t) andf_(t)

(10 (pr) ISY*UK® () = (Pk + Pr)* £, (t) + (Px — P)* f_ (1) (1.10)

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

fo(t) = f,(t) + mztfmz f_(t) . (1.11)
K T

By construction,fp(0) = f,.(0).

In order to compute the phase space integrals appearing.ifilE2) we need experimental
or theoretical inputs about tltedependence of, o(t). Thet-dependence of the FFs at present is
better determined by measurements and by combining measnte and dispersion relations. To
that aim, we introduce the normalized FFs

=g+ b = 12y« 710 = o0 =1. (112)
Whereasf, (t) is accessible in thies andK ;3 decays,fo(t) is more difficult to measure since
it is only accessible ifK,3 decays, being kinematically suppressedin decays, and is strongly
correlated withf  (t). The scalar form factor is of special interest due to thetemise of the Callan-
Treiman (CT) theorem [17] which predicts the value of thdactorm factor at the so-called CT
point, namelyt = Ak, = M2 — 2,

fe_1
fr 1.(0)

whereAct ~ 0(myq/41Fy) is a small correction. ChPT at NLO in the isospin limit [18)e$
Act = (—3.54+8) x 1073, The measurement @& provide a powerful consistency check of the
lattice QCD calculations ofk / f; and f (0), as will be discussed in Sec. 1.3.2.

If the FF are expanded in powerstaiip tot? as

C = fo(bkn) = +Acr, (1.13)

. t 1 t\2
frolt) =140 5 +5 Al <W) (1.14)
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four parametersA’ , A/, Ag andAg need to be determined from the decay spectrum in order to be
able to compute the phase space integral which appears farthala for the partial decay width.
The problems with the four parameters above is the largelations, in particular-99.96% be-
tweenAy andA} and—97.6% betweert | andA’. Itis not therefore possible to obtain meaningful
results for the scalar FF parameters.

It is experimentally well established I ¢ decays that the vector form factor is equally de-
scribed by a pole form:
- M2
f+ — 2 v .

(1.15)

which expands to 3 t/MZ + (t/MZ)?, neglecting power of greater than 2.

Recent results oKes show that the vector form factor is dominated by the closestor (qq)
state with one strange and one light quarkKerr resonance in an older language).

K3 decay pion spectrum measurements, have no sensitivilif/.tdherefore, all authors have
fitted for a linear scalar form factdp = 1+ Ao-%.

Because of correlation this leads to incorrect answershivalue ofAg which comes out of
the fit increased by-3.5 the coefficient of thé? term. To clarify this situation it is necessary to
obtain a form forfo with t andt? terms but with only one parameter.

Arecent parametrization for the scalar form factor [19waito take into account the constraint
given by the Callan-Treiman relation:

K

fo(t) = exp(AL IogC—G(t)> (1.16)
whereG(t) is obtained using a dispersion relation subtracted-af\« ;;, such thaC = fO(AKn).

1.2.3 Lattice determinations of f, (0) and fx /f,

Within SU(3) ChPT one can perform a systematic expansiof, ¢®) of the typef, (0) =
1+ fo+ f4+.... The first term is equal to unity due to the vector current eoretion in the
SU(3) limit. Because of the Ademollo-Gatto (AG) theorem][2@e first non-trivial termf, does
not receive contributions from the local operators of thfeative theory and can be computed
unambiguously in terms of the kaon and pion maskgsdndMy) and the pion decay constafy.

It takes the valud, = —0.023 at the physical point [21]. The task is thus reduced tgtbblem

of finding a prediction for the quanti#kf, defined a&\ f = f,+ fe+... = f.(0) — (1+ f2) , which
depends on the low-energy constants (LECs) of the effettiwery and cannot be deduced from
other processes.

The original estimate made by Leutwyler and Roos [21] wasthas the quark model yielding
Af =—0.016(8).

During the recent years various collaborations have pealigew results foff; (0) using un-
qguenched gauge configurations with both 2 and 2+1 dynamésadr. They are shown graphically
in Fig. 2 (left).

In contrast tof (0), the pseudoscalar decay constants are not protected byGheedrem
[20] against corrections linear in the SU(3) breaking. Mwer the first non-trivial term (of order
(p%) in the chiral expansion ofi / f; depends on the LECs and therefore it cannot be predicted
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Figure 2: Left: Results of model (squares) and lattice (dots) catowia of f (0). Right: Results of lattice
calculations offk / fr.

unambiguously within ChPT. This is the reason why the mostipe determinations dfc / f,;
come from lattice QCD simulations.

During the recent years various collaborations have peaitew results fofk / f,; using un-
qguenched gauge configurations with both 2 and 2+1 dynamésadr. They are shown graphically
in Fig. 2(Right).

For f(0) the 2+1 flavor result by the RBC+UKQCD [22] collaborationtig tmost advanced
calculation.

For fx /fr with Nf = 2+ 1 dynamical quarks, the currently most precise predictamesby
MILC [23] which has been recently updated to/f; = 1.199 ") [24] and HPQCD [25] both
using the same set of staggered sea quark configurations.

1.2.4 Data Analysis

The FlaviaNet kaon working group performs fits to world datatlee BRs and lifetimes for
the K_ andK*, with the constraint that BRs add to unity. A detailed desiwn of the fit is given
in Ref [26]. The present version of our fits uses only publisheeasurements.

K. leading branching ratios and 1,

Numerous measurements of the princikaBRs, or of various ratios of these BRs, have been
published recently. For the purposes of evaluafifg f (0), these data can be used in a PDG-like
fit to the K. BRs and lifetime, so all such measurements are interesting.

KTeV has measured five ratios of the six m&in BRs [27]. The six channels involved ac-
count for more than 99.9% of tH€§_ width and KTeV combines the five measured ratios to ex-
tract the six BRs. We use the five measured ratios in our aBalygK3)/ #(Kes) = 0.664026),
B(rtm ) ) % (Ke) =0.307818), B(1m 11 ) /% (Kez) = 0.00485628), #(31°) / % (Kez) = 0.478255),
and #(2m°) /% (3n°) = 0.00444625). The errors on these measurements are correlated; this is
taken into account in our fit.

NA48 has measured the ratio of the BR K decays to the sum of BRs for all decays to two
tracks, giving%(Kes)/(1— %(31°)) = 0.497835) [28].
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Parameter Value S
B (Kes) 0.4056(9) | 1.3
B(Ky) 0.2704(10) | 1.5
B(3m°) 0.1952(9) |1.2
B(mr e m°) 0.1254(6) | 1.1
B(mhm) 1.967(7) x 1072 | 1.1
B(mrmy) 4.15(9)x 10> | 1.6
A(m"my) DE | 2.84(8) x10° | 1.3
2 (210) 8.65(4) x 1074 | 1.4
B(yy) 5.47(4) x 1074 | 1.1
T 51.16(21) ns | 1.1

Table2: Results of fit tok; BRs and lifetime.

Using ¢ — K| Ks decays in which thé&s decays torr" -, providing normalization, KLOE
has directly measured the BRs for the four miéindecay channels [29]. The errors on the KLOE
BR values are dominated by the uncertainty on Khdifetime 1, ; since the dependence of the
geometrical efficiency om is known, KLOE can solve for_ by imposingyy Z(K. — x) =1
(using previous averages for the minor BRs), thereby greatiucing the uncertainties on the
BR values obtained. Our fit makes use of the KLOE BR valuesrbedpplication of this con-
straint: % (Kes) = 0.4049(21),%(K,3) = 0.2726(16),%(3n°) = 0.2018(24), and8(rmr" m 1) =
0.1276(15). The dependence of these valueg @md the correlations between the errors are taken
into account. KLOE has also measurgddirectly, by fitting the proper decay time distribution
for K. — 3m° events, for which the reconstruction efficiency is high anifarm over a fiducial
volume of~0.4A.. They obtaint. = 50.92(30) ns [30].

There are also two recent measurement®6ft™ m)/%(Ks), in addition to the KTeV mea-
surement of8(rr" 11 )/ % (Kes) discussed above. The KLOE collaboration obtaf(gt i)/ 2 (K,3)
= 7.27568) x 102 [31], while NA48 obtainsZ (" )/ % (Kes) = 4.826(27) x 1073 [32]. All
measurements are fully inclusive of inner bremsstrahldige KLOE measurement is fully inclu-
sive of the direct-emission (DE) component, DE contributtegligibly to the KTeV measurement,
and a residual DE contribution of 0.19% has been subtracted the NA48 value to obtain the
number quoted above.

We fit the 13 recent measurements listed above, togethereigtit additional ratios of the
BRs for subdominant decays. The fit give&/ndf = 19.8/12(P = 7.1%).

Ksleading branching ratios and ts

KLOE has measured the ratig(Ks — mev)/%(Ks— " ) with 1.3% precision [33], mak-
ing possible an independent determination|\g§| f, (0) to better than 0.7%. In [34], KLOE
combines the above measurement with their measurem#éks — " 11 )/ % (Ks — n°n®) =
2.245954). Using the constraint that thés BRs sum to unity and assuming the universality of
lepton couplings, they determine the BRs formr, m°1°, Kes, andK 3 decays. We perform a fit
to the data on th&s BRs torr 1, m°7°, andKes that uses, in addition to the above two measure-
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Parameter Value S
B(Ky2) 63.47(18)% | 1.3
B(mrP) 20.61(8)% | 1.1
B(mmry 5.573(16)% | 1.2
B (Ke3) 5.078(31)% | 1.3
B(Kys) 3.359(32)% | 1.9
B(nrPr®) | 1.757(24)% | 1.0
Ty 12.384(15) ng 1.2

Table 3: Results of fit toK* BRs and lifetime.

ments: the measurement from NA48Ks — rmev) /I (K. — mev) [35], where the denominator
is obtained from the results of ol fit, the measurement at (not assumingPT) from NA48
[14], 89.589(70) ps, the measurementref(not assumingCPT) from KTeV [14], 89.58(13) ps,
and the resulZ(K,3) /% (Kez) = 0.66100214), obtained from the assumption of universal lepton
couplings.

The free parameters are the four BRs listed above gJugVith six inputs and one constraint
(on the sum of the BRs), the fit has one degree of freedom aed gh~= 0.0038 P = 95%). The
results of the fit giveZ(Ke3) = 7.05(8) x 104, andts = 89.58(5) ps.

K* leading branching ratios and 1=

There are several new results providing informatiori@‘glrates. The NA48/2 collaboration
has published measurements of the three rafifises/ 1 7P), % (K3/11P), andB(K 3/ Kes) [36].
These measurements are not independent; in our fit, we usaltes % (Keg/7P) = 0.247Q/10)
and#(K,s/mP) = 0.16377) and take their correlation into account.

KLOE has measured the absolute BRs forklagandK 3 decays [37]. Inp — K*K™~ events,
K* decays intquv or rr7P are used to taglé~ beam, and vice versa. KLOE performs four separate
measurements for eaé¢ys BR, corresponding to the different combinations of kaonrghand
tagging decay. The final averages a#éKe3) = 4.96553)(38)% and#(K3) = 3.23329)(26)%.
KLOE has also measured the absolute branching ratio forrtiff38] anduv decay[39].

Our fit takes into account the correlation between theseegakas well as their dependence on
the K* lifetime. The world average value far. is nominally quite precise. However, the PDG
error is scaled by 2.1; the confidence level for the avera@elig%. It is important to confirm
the value oft.. The new measurement from KLOE, = 12.347(30) ns, agrees with the PDG
average.

Ouir fit for the six largesK™ branching ratios and lifetime uses some of the old measursme
ans the six measurements noted above. Fit results are givieable 3

M easurement of BR(Ke2)/BR(K12)

Experimental knowledge dfe>/K,,» was poor until recently. The current world averdgje=
B(Ke2)/ B (Ky2) = (2.45+0.11) x 10~° dates back to three experiments of the 1970s [14] and has
a precision of about 5%. Two new measurements were repatedtly by NA62 and KLOE. The
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preliminary resuliR¢ = (2.493+0.031) x 10~° based on about 14,00Q; events, was presented
at the 2009 winter conferences by the KLOE collaboration].[4Dhe NA62 collaboration has
recently presented at KAONO9 the resigit = (2.500+ 0.016) x 10~°, based on about 50,00Q,

events from the 2008 data set [41]. Both the KLOE and the NA@2asurements are inclusive
with respect to final state radiation contribution due tonsstrahlung. The small contribution
of K2, events from direct photon emission from the decay vertex subéracted by each of the
experiments. Combining these new results with the curr®@ Ralue yields a new world average

R¢ = (2.498+0.014) x 10~°, which is in good agreement with the SM expectation of eqabd
with a relative error of (66%.

M easurements of K3 slopes

For Ke3 decays, recent measurements of the quadratic slope paranoétthe vector form
factor A} ,A), see eq. 1.14 are available from KTeV [42], KLOE [43], ISTRM4], and NA48
[45].

For K,3 decays, recent measurements of the slope paraniaterd’, Ao) are available from
KTeV [42], KLOE [46], ISTRA+ [47], and NA48 [48]. We will not se the ISTRA+ result for the
average because systematic errors have not been provideaséthees — K3 averegas provided
by the experiments for KTeV and KLOE. NA48 does not providetsan average, so we calculate
it for inclusion in the fit.

The results of the combination are listed in Table 4.

? ?
o 4 o
— L —
X _ \ x
< 2 B k < L
L “ 25
0 [ 1 | IR
20 25
A %107
?
o 4r
= L
x C
’=<+ 2 20 -
0 | IR P P |
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Figure 3:  1-o0 contours forA!, A, Ag determinations from KLOE(blue ellipse), KTeV(red ellipse

NA48(green ellipse), and world average with(filled yelloNipse) and without(filled cyan ellipse) the NA48
K3 result.

The value ofy?/ndf for all measurements is terrible; we quote the resulth adaled errors.

This leads to errors on the phase-space integrals that@d&6 larger after inclusion of the new
K3 NA48 data.

10
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AL (245+09)x10°% 1 -094 +044

Al (18+0.4)x 103 1 -052

Ao (117+14)x10°3 1

Table 4. Averages and correlation matrix of quadratic fit resultsigy andK ;3 slopes.

mode Vus| x f+(0) | %oerr| BR | T A Int

K. — mev 0.2165(5) | 0.26 | 0.09| 0.20| 0.11| 0.06
K. — muv | 0.2175(6) | 0.32 | 0.15| 0.18| 0.15| 0.16
Ks— mmev 0.2157(13) | 0.61 | 0.60| 0.03| 0.11 | 0.06
K* — mev | 0.2162(11) | 0.52 | 0.31| 0.09| 0.41| 0.06
K* — mmuv | 0.2168(14) | 0.65 | 0.47| 0.08| 0.42| 0.16
average 0.2166(5)

Table5: Summary ofVys| x f1(0) determination from all channels.

The evaluations of the phase-space integrals for all foutanare listed in each case. Corre-
lations are fully accounted for, both in the fits and in theleation of the integrals.

1.3 Physics Results

In this section we summarize the results fid| discussed in the previous sections and based
on these results we give constraints on physics beyond thérSkd¢ad of averages for lattice results
for fx/fr we usefx/fr = 1.1897) by HPQCD [25].
1.3.1 Determination of |Vys| x f1(0) and [Vis|/[Vud| % fk/fr

This section describes the results that are independehe dheoretical parametefs (0) and
Determination of |Vys| x f(0)

The value of|Vys| x f(0) has been determined from (1.9) using the world average value
reported in section 1.2.4 for lifetimes, branching ratind ghase space integrals, and the radiative
and3J (2) breaking corrections discussed in section 1.2.2.

The results are given in Tab. 5, and are shown in Figure ffieftk_ — mev, K. — muy,
Ks— mev, K* — mev, K* — v, and for the combination. The average,

Vus| x f,(0) = 0.21645), (1.17)

has an uncertainty of about of2%. The results from the five modes are in good agreementtthe fi
probability is 55%. In particular, comparing the valueg\ef| x f, (0) obtained fronK?3 and Kjg
we obtain a value of the SU(2) breaking correction

in agreement with the CHPT calculation reported in sec215gJ(2> = 5.8(8)%.

11
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Figure 4: Left: Display of |Vys| x f1(0) for all channels. Right: Values fof, (0) determined with the
Callan-Treiman relation.

1.3.2 A test of lattice calculation: the Callan-Treiman relation

As described in Sect. 1.2.2 the Callan-Treiman relationsfitke value of scalar form factor
att = mg — m? (the so-called Callan-Treiman point) to the raitx / f)/f, (0). The dispersive
parametrization for the scalar form factor proposed in @8] discussed in Sect. 1.2.2 allows the
available measurements of the scalar form factor to beforaned into a precise information on
(fx/fn)/ 4 (0), completely independent of the lattice estimates.

Very recently KLOE [50], KTeV [51], ISTRA+ [52], and NA48[4$ave produced results on
the scalar FF behavior using the dispersive parametrizatio

Fig. 4(right) shows the values fdr.(0) determined from the scalar form factor slope measure-
ments obtained using the Callan-Treiman relation §pdf; = 1.1897). The value off(0) =
0.964(5) from UKQCD/RBC is also shown. As already noted in Sec. 1.thd,NA48 result is
difficult to accommodate. Here one can see that this resulitso inconsistent with the theoreti-
cal estimates of . (0). In particular, it violates the Fubini-Furlan bourid(0) < 1 [53]. For this
reason, the NA48 result is excluded when using the Call@mian constraint.

We combine the average of the above resultsCleg0.20740.008, with the lattice determina-
tions of fx / f; = 1.1897) and f (0) = 0.964(5) using the constraint given by the Callan-Treiman
relation. The fit slightly improve the accuracies &y f; = 1.187(6) and f, (0) = 0.964(4) with
essentially unchanged values. New measurements of ti dog currently ongoing and better
constraints orf, (0)/(fx / f;) form the Callan-Treiman relation are expected.

Determination of |Vys|/|Vud| % fk/ fr

An independent determination s/ is obtained fronK,, decays. The most important mode
is K" — utv, which has been measured by KLOE with a relative uncertaifitgbout 03%.
Hadronic uncertainties are minimized by making use of thie laK*™ — p*v)/I(mt — ptv).

Using the world average values of BR{ — u*v) and oft* given in Sec. 1.2.4 and the value
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Figure5: Results of fits tdVyg|, |Vus|, and|Vus|/[Vud| -

of I (™ — u*v) =384087) us ! from [14] we obtain:

Vus| /Vua| % fi/ fre = 0.2758+0.0007. (1.18)

1.3.3 Test of Cabibbo Universality or CKM unitarity

To determinglVys| and [Vyq| we use the valudvys| x f;(0) = 0.21665) reported in Tab. 5,
the resultVys|/[Vud| fk / fr = 0.27587) discussed in Sect. 1.3.2, (0) = 0.964(5), and fx / f; =
1.189(7). From the above we find:

V| = 0.2246:+£0.0012  [Ky3 0nly] (1.19)
Vus|/Vud| = 0.2319+£0.0015  [Kyz only] . (1.20)

These determinations can be used in a fit together with thevéidaation ofV,q| from 0" — 0™
nuclear beta decays quoted in section M}4|=0.97425-0.00022. The global fit gives

Vud| = 0.9742522)  |Vys| =0.22529)  [Kyzs2 + 07 — 0], (1.21)

with x2/ndf = 0.52/1 (47%). This result does not make use of CKM unitarity. If tinétarity
constraint is included, the fit gives

[Vus| = sinBc = A = 0.22536) [with unitarity] (1.22)

Both results are illustrated in Figure 5.
Using the (rather negligibleyy|? ~ 1.5 x 10~° in conjunction with the above results leads to

13
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Vud |+ Vsl + Vup|? = 0.99994)y,, (4)v,. = 0.99996) (1.23)

The outstanding agreement with unitarity provides an irsgiv@ confirmation of Standard
Model radiative corrections [54, 6](at about the 60 signvall¢. It can be used to constain “new
physics” effects which, if present, would manifest themeslas a deviation from iLe. what would
appear to be a breakdown of unitarity.

A way to illustrate the above constraint is to extract thenfieronstant from nucleak andB
decays assuming the validity of CKM unitarity without empitay muon decay. Values in eq. 1.21
give

GEKM — 1.166279261) x 107 5GeV2  CKM Unitarity (1.24)

which is in fact the second best determinationGgf, after G, The comparison betweed,
andGEK’VI in eg. (1.24) is providing the constraints on “new physidkit, affects them differently.
So far, they are equal to within errors.
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