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1. Introduction

Semileptonic decays of pseudoscalar mesons can providatamp information on the weak
mixing of quark flavors, which in the Standard Model condsuitie well-known CKM matrix
[1]. In order to extract from the experimental data preciakies of the relevant CKM entries it is
necessary to determine precisely the matrix elements af/#fad hadronic current.

In the case of the semileptonic deddy— P/v, the matrix element of the weak vector current
can be written in terms of two form factors, the vectir(g?), and the scalarfy(g?) ones, namely

(P(pp)IVHIH (pH)) = (Pp+ pr — A)H £ (qP) +AF fo(d?) | (1.1)

whereA = q (M3 —M3) /g2 andq = py — pp is the 4-momentum transfer.

In this contribution we present the lattice results for theter and scalar form factors obtained
by the European Twisted Mass (ETM) Collaboration in the adfghe K — v, andD — 1ty
semileptonic decays, which are relevant for the deterioinaif the CKM matrix element$/,g|
(known also as the Cabibbo’s angle) awgh|, respectively .

2. K — mfv decays

The relevant hadronic quantity in the case of ithe» /v decays is the vector form factor at
zero-momentum transfef, (0). Its first determination dates back to the eighties, i.ehéovtork
of Ref. [2], in which Chiral Perturbation Theory (ChPT) aihe tguark model were employed.

The determination of . (0) using lattice QCD started only more recently with the quexch
calculation of Ref. [3], where it was shown hofy (0) can be determined at the physical point
with ~ 1% accuracy. The findings of Ref. [3] triggered various umghed calculations of, (0),
namely those of Refs. [4, 5, 6] wit; = 2 and pion masses aboxe500 MeV and the recent one
of Ref. [7] with N = 2+ 1 and pion masses starting from 330 MeV.

In Ref. [8] a new lattice result fof, (0), namely

f,(0) = 0.9560+ 0.0057%tat,+ 0.0062syst, = 0.9560-+ 0.0084, (2.1)

was obtained by the ETM Collaboration using gauge configamatwithN¢ = 2 flavors of dynam-
ical twisted-mass quarks [9] and simulating pion masses 260 MeV up to 575 MeV.

Our new determination (2.1) agrees very well with the Leud&rsRoos result [2] and with
previous lattice calculations &t = 0 [3], Ns =2 [4, 5, 6] andN; = 2+ 1 [7]. Using the latest
experimental determination of the prodiig| f, (0) = 0.2166845) [10, 11] we get from (2.1)

[Vus| = 0.22674 0.000%xp. £ 0.002G (g - (2.2)

Combining this value withV,q| = 0.9741827) and|V,p| = 0.0039336) from PDG2008 [10] the
first-row CKM unitarity relation becomes

Vug| + [Vus/2 + [Vup|? = 1.0004+ 0.0015 2.3)

Our final value (2.1) includes the estimates of all sourcesysfematic errors: discretization,
finite size effects (FSE's)>-dependence, chiral extrapolation and the effects of chiegcthe
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strange quark. In Ref. [8] the chiral extrapolation and #lated uncertainty o, (O) were inves-
tigated using both SU(3) and, for the first time, SU(2) ChP],[bbtaining fully consistent results.
Also the ¢?-dependence of the form factors was investigated by corisgleifferent functional
forms. The systematic error associated both togfhdependence and to the chiral extrapolation
was determined quite accurately and turned out to be 0.(8)35 [

We illustrate now in more details the estimates of the remgisources of systematic errors,
namely finite size, discretization and the quenching of ttenge quark.

Finite Size.We have performed simulations closeMg ~ 300 MeV using two lattice volumes,
243.48 a* and 32 .64 a*, for a lattice spacing equal ta~ 0.088 fm. The two simulations
correspond tdV; L ~ 3.2 and 42, respectively. As described in Ref. [8], a smooth inteaipoh of
f, (0) at the physical strange quark mass can be obtained by fixingatmbination (B2 —M2) at
its physical value. Thus for each pion m&dg a reference kaon mam’(ef is defined as

2[Mi 2 — M2 = 2[ME™32 — [ME"™92 (2.4)

with MP™S= 1350 MeV andMP™*= 4944 MeV.

The results forf, (0), obtained adopting either the pole-dominance or a quadiiafior de-
scribing theg?-dependence of the form factors (see Ref. [8]), are showrignIKa) versus the
lattice sizel./a. For matrix elements likertVH|K), involving one particle in the final states, FSE
are known to be exponentially suppressed. Assuming a depeadf the formA+ Be Mt /[ 3/2
the residual FSE, corresponding to the difference betweeralue at infinite volume and the one
calculated at the largest lattice volume, turns out to bekigu0.0018.
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Figurel: Vector form factor at zero-momentum transfer(d), versus the lattice size in lattice units (a) and
the squared lattice spacing (b). The values of the pion messeported in the inset, while the kaon mass
is fixed at the corresponding reference values given by E4).(h (a) the dotted line represents the value
f+(0) = A'in the limit of infinite volume.

Discretization.We have performed simulationsld; ~ 470 MeV using three lattice spacings:
a~ 0.0690.088 and 0103 fm. The results fof (0), shown in Fig. 1(b), exhibits a clear, linear
(in @) increase toward the continuum limit, consistent with théomatic ¢'(a)-improvement at
maximal twist [13]. The difference between the value in thatmuum limit and the one at ~
0.088 fm is equal to 037, which represents our estimate of the contributionigdrdtization
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effects to the systematic error in Eqg. (2.1). A complete wtofdthe scaling property of, (0) at
various pion masses is in progress. It will allow us to corapghe continuum limit, reducing in
this way significantly the error due to lattice artifacts.

Quenching of the strange quarkhe effect of our partially quenched (PQ) setup can be esti-
mated within SU(3) ChPT, which provides a systematic expansf f, (0) of the type

f+(0):l—{—f2—|—f4—|—f6—|—..., (25)

where f, = O[MR ,,/(4mtf;)"] and the first term is equal to unity due to the vector currenseo
vation in the SU(3) limit.

Because of the Ademollo-Gatto theorem [14], valid also ithlmuenched (Q) [3] and PQ [15]
setups, the first correctiof does not receive contributions from the local operatorbegiffective
theory and can be computed unambiguously (forldgyin terms of the kaon and pion masses and
the pion decay constarif;. At the physical point it takes the valuefsi? = +0.022 in the quenched
caseN; =01[3], fzpQ = —0.0168 for our PQ setup witN; = 2 [15] andf, = —0.0226 forNs =2+ 1
[2]. Thus the effect of quenching the strange quark is ex&etbwn at NLO: f; — f2PQ = —0.0058
(=~ 26% of f,). This correction was taken into account in Ref. [8] and & ha error. Note that the
difference between the values Bfat Ny = 2+ 1 andN¢ = 2 is almost an order of magnitude less
than the difference between thoseé\at= 2+ 1 andN¢ = 0. In our opinion this should be traced
back to the facts that, is dominated by meson loops and the pion contribution is éimeesin the
Nt = 2 andN¢ = 2+ 1 theories.

The task is thus reduced to the problem of estimating theaiieg effect on the quantity

Af=f+fe+...= f_,.(O) — (1+ fz) . (2.6)

The results obtained faf by the ETM Collaboration al; = 2 [8] and by the RBC/UKQCD one
atNs = 2+ 1 [7] are compared in Fig. 2. It can clearly be seen that thecefif quenching the
strange quark is well within the statistical uncertainf@snd by the two Collaborations.
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Figure2: Values of theZ(p®) termAf [Eq. (2.6)] obtained by the ETM [8] and RBC/UKQCD [7] Collab
orations taking into account the values of the NLO tegnagpropriate forN =2and N =2+ 1.

In Ref. [8] the relative quenching error dxf has been estimated to be at most 50% of the
same relative effect ofp. Such an estimate is based on the observation that, whildltRketerm
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f, is expected to be sensitive to the number of sea-quark fldirgy only determined by the
contribution of meson loops, th&(p®) term Af receives important contributions from the local
terms of the effective theory, which are expected to be dataih by the physics of the nearest
resonances. Our estimate corresponds to a systematicoéf@028 (i.e.,~ 13% of Af), which
incidentally turns out to be of the same size of the diffeeehetween the ETM result fakf at
N; = 2 and the quenched one of Ref. [3]. Thus we expect our estiofithe quenching error to be
a quite conservative one.

To close this Section we have collected the budget for theesyatic error of the ETM result
(2.1) in Table 1.

| Source | systematic errorl % of [1—f.(0)] ||
o? — dependence and chiral extrapolatigh 0.0035 8
finite size 0.0018 4
discretization 0.0037 8
guenching of the strange quark 0.0028 6

| Total (in quadrature | 0.0062 | 14 |

Table 1: Budget of the systematic error for the ETM determinatiod)2f the vector form factor at zero-
momentum transfer,.{0), obtained in Ref. [8].

3. D — mfv, decays

In the case of the semileptonic decays of a heavy mekittis convenient to use a decompo-
sition of the matrix element of the weak vector current inaebhihe form factors are independent
of the heavy-meson mad4y, in the static limit, namely

(P(pp)IVHIH (pr)) = v/2My [V* f,(E) + P! fo(E)] , (3.1)

wherev = py /My, p. = pp— EvandE =v- pp = (M3 + M3 — g?)/2My is the energy of the final
meson in the rest-frame of the initial one. The relation leewthe form factors,(E) and f,(E)
and those appearing in Eq. (1.1) is

£ () = [f(E) + (Mn —E)fp(E)] /v/2My 3.2)
fo(e?) = [(Mn —E)fy(E) + (E*— M3) fp(E)] v/2Mu /(MG — M7) . (3.3)

In the static limit both the mass and the energy dependenteeoform factorsf,(E) and
fo(E) have been investigated within the Heavy Meson ChPT (HMChHRPRef. [16]. For a pion
in the final state, i.eP = 11, one has at NLO

f(E) = Do [1+ D1(E)M2+D,(E) — 3(1+3g%)M2 L(M2) /4

— 2(E*—M3) L(M3) —2M7 E F(E/My)] , (3.4)
fo(E) = Co[1+Ci(E)M2+Co(E) — 3(1+3g°)M2 L(M2) /4] /(E+A%), (3.5)
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whereC; andD; (i = 0,1,2) are unknown low-energy constants (LECg)s theH*H 1T coupling
constant (withtH* being the vector resonance of the heavy mesom¥¥ My: — My, L(M2) =
log(M2)/(41tf)? andF (x) = 2v/x2 — 1 log[x+ v/x2 — 1]/ (4mtf;)? for x > 1.

In addition a generalization of the Callan-Treiman relkafib7] constrains the value d§(02,,,)
to be equal to the ratio of the leptonic decay consténis;; at the chiral poinM,; = 0. Therefore,
using SU(2) HMChPT forfy and SU(2) ChPT forf;, one gets at NLO

fi/fr=\/2/Myn Do[14 D2(0)] [1+ B M3+ (5—99°)MZ L(M3) /4] , (3.6)

whereB is an unknown LEC.

We have calculated the vector and scalar form facfo(g?) and fo(g?) as well as the decay
constantsfy and f;; [18], using the gauge configurations generated by the ETNhGofation [9]
with Ns = 2 flavors of dynamical twisted-mass quarks at a single &tjgacinga ~ 0.088 fm for
various values of the sea quark mass. The valence lighkagunass is kept equal to the sea quark
mass to get unitary pions with a simulated mass ranging f«d?60 to~ 575 MeV, as in the study
of K — mfv, decays. For each pion mass we use three values of the charknngaiss to allow for
a smooth, local interpolation of our results to the physi2aheson mass. At the two lowest pion
masses the lattice volumeli§- T = 32°- 64 a*, while at the higher ones it is 3448 a* in order to
guarantee thawl,L > 3.7.

We have then applied Egs. (3.5) and (3.6) for a simultaneow$ thhe energy and pion mass
dependence of our results. Simple polynomial parametaimof the energy dependence of the
LEC’s C1» and D1 > have been adopted, while the valge= 0.6 has been taken from Ref. [19]
and the quantityhA* has been fixed at its value at the physical pakit£ 138 MeV) . The range
of values ofg? covered by our data is quite large, extending frgfre 0 up tog? = 02, Which
corresponds to values of the eneigyp to~ 1 GeV. The quality of the fit provided by Egs. (3.5)
turns out to be remarkably good, though the chiral expansid®ef. [16] is in principle limited to
the static limit and to values of the energy E well below th&@lesof chiral-symmetry breaking.

The extrapolation of the vector and scalar form factors t gthysical pion mass is quite
accurate in the full range @ ¢? < 02, as shown in Fig. 3. Our results are also in good agreement
with the latest experimental data from the CLEO Collabora{f20], obtained after assuming for
the CKM matrix elementVq| the value implied by unitarity. Only arourgf ~ g2,,, our lattice
predictions forf | (g?) are slightly below the experimental results.g&t= 0 we getf , (0) = 0.64(5)
which agrees with the lattice resuit (0) = 0.64(3)(6) obtained in Ref. [21] witiN; = 2+ 1.

Since our results have been obtained at a single value ddittieel spacingg ~ 0.088 fm) and
a heavy mass, like the charm one, is involved, the questiposggible sizable discretization effects
naturally arises. We have therefore computed the form fadty M,; ~ 470 MeV at three values
of the lattice spacinga(~ 0.069,0.088 and 0103 fm). The results are shown in Fig. 4.

It can be seen that discretization effects are small ar@ind O (at the level of the percent
between the two finest lattices), while they increase towgre g2,,,, particularly in the case of
the vector form factoff, (g?). Thus we observe that discretization effects related tptasence of
the charm quark mass are quite limited for our setup. This lbeanelated to the fact that the form
factors are extracted from ratios of correlation functiomswhich lattice artifacts may partially
cancel out. We observe moreover that the discretizatiecisfonfy(g2,,,) are of the order of few
percent, i.e. similar to those found fés / f;; in the case of our action [18].
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Figure 3: Vector [f.(g?)] and scalar [f(g?)] form factors for the D— m¢v, decay versus the squared
4-momentum transfer’q The bands correspond to the regions selectefiaatevel by the chiral fit (3.5)
applied to our lattice results. The dots and the squareslaeeskperimental data from Ref. [20].
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Figure 4: Vector (blue markers) and scalar (red markers) form facforsthe D— v, decay versus the
squared 4-momentum transfet i units of the Sommer parametey; bbtained at three lattice spacings for
My ~ 470 MeVand smoothly interpolated at the physical D-meson mass.

A complete study of the scaling property of the vector andasclarm factors at various
pion masses is in progress. The results presented in Figowlever, makes us confident that
the agreement with the experimental data visible in Fig. IBrvat be spoiled by a more detailed
analysis of discretization effects.
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