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We present an update on the RBC/UKQCD collaboration’s tedat theK — 1 semileptonic
vector form factor at zero momentum transfer from simulatiof chiral fermions. Our results
cover the whole range of light quark masses between the Sy(8inetric and the physical point
for three lattice spacings and large physical volumes. ¢Jpiartially twisted boundary condi-
tions we calculate the form factor directly at zero momentransfer. The comprehensive set of
data points allows for turning the extrapolation in the d¢uaass into an interpolation around the
physical point thereby removing the dominant systemata@ettainty in previous results, the chi-
ral extrapolation. We briefly discuss our prediction in vieixStandard Model phenomenology.
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1. Introduction

The a priori unknown unitary Cabibbo-Kobayashi-Maskawa (CKM) matilx 2] parame-
terises flavour changing processes and CP-violation in thed@rd Model (SM). By combining
precise and reliable theory predictions and experimen&dsurements one is overconstraining its
elements in the search of tiny inconsistencies which wouid towards extensions of the SM,
i.e. new physics. This talk reports on our continued efforts [3, 4, 5] in thengutation of the
K — mrsemileptonic vector form factor iNs = 2+ 1 Domain Wall lattice QCD at zero momentum
transfer. The form factor at this kinematical point is a @uamgredient in the extraction of the
CKM-matrix elementVs| [6]. Simulations of lattice QCD are the only known tool allog for
the prediction of the form factor from first principles andarsystematically improvable fashion.
We note that by now the determination [ofs| from leptonic kaon (and pion) decays has reached
the same level of precision as the one we focus on in this ¢Alkq]).

2. Strategy

The productVys|?| f, (0)|? can be determined with a precision of around 0.2% from the ex-
perimental decay rate [7], and correspondingly a preciserigiénation of theK — 711 vector form
factor fX7(0) allows for the determination d¥,s|. The matrix element

(T(pr) Vu K (PK)) g =0 = T£™(0) (P + P + FX7°(0) (Pre— P (2.1)

of the flavour-changing vector curred = uy,s at vanishing momentum transfet = (px — pn)?
can be extracted from the Euclidean time dependence obguthosen ratios of meson three point
functions [8], e.g.,

Cukm t s tsnk, ﬁKa ﬁn) Cu nK(t tsnks ﬁm ﬁK)
snk Pk Prr) = 2V EKER - 2.2
H Krr(t K ﬁK ﬁ ) « \/COKK t tSI’]k7 ﬁKa ﬁK)CO m‘r(t tsnk, 571, p'n) ( )

Here,C,, pp (t,tsnk, Pr, Pp) is the three point function of the corresponding vector ety (t) at
Euclidean time (cf. [8] for more details). This ratio can be evaluated fof@lr components: of

the vector current and is constructed such that it equal3 (for large Euclidean time-separations
of the operator insertions). Note that the vector currembmealisation cancels between numerator
and denominator. Alternatively we can also employ the Wdeahiity relating the vector current to
the scalar current,

() SK (P) o = 1470) T, @3
for which similar ratios of three point functions can be defin Note thatf}(0) = f™(0) and
that the renormalisation of the scalar current and the guagses in the above relation cancel [9].

Due to the quantisation of quark- and therefore hadron-nmtenia the finite lattice box the
kinematical poing? = 0 is generally not accessible. We follow [10, 11, 12, 8, 4] asd partially
twisted boundary conditions for the quark fieldg(x + L|) — &9/Ly(x), whereL is the spatial
extent of the latticei one of the spatial directions amd one of the up-, down- and strange quark
fields. By suitably choosing the quark’s boundary condgias a function of the pion and kaon

masses [8] we achiew® = 0 in all our simulations.
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set B a/fmL/a T/a myMeV mgL | set B a/fm L/a T/a mp/MeV mgL
Az 2.13 011 24 64 678 93 Cg 225 009 32 64 398 55
As 2.13 0.11 24 64 563 7.7 Cg 2.25 0.09 32 64 349 4.8
Aq 2.13 0.11 24 64 422 58 C4 2.25 0.09 32 64 295 4.1
Ag‘ 2.13 0.11 24 64 334 4.8 Conys 2.25 0.09 64 128 137 3.8
Ag 2.13 0.11 24 64 334 46 By 175 0.14 32 64 248 5.7
Apnys 2.13 0.11 48 96 141 39 B; 1.75 0.14 32 64 171 3.9

Table 1: Basic parameters for all ensembles of gauge field configunsiti

The determination of X”7(0) then proceeds as follows: For a given set of simulation param
ters (cf. table 1) one chooses the momepita= éK/L andp; = én/L for which the momentum
transfer vanishes. One then computes the above ratios anebthobtains an over-constrained
system of linear equations (2.1) and (2.3) which one solee$!{(0).

3. Simulation parameters

We simulateNs = 2+ 1 dynamical flavours of domain wall fermions covering the lglrange
of light quark masses frorstirange down to thephysical light quark mass (for which the pion mass
takes its experimental value). Our ensembles [13] comphisze different values of the lattice
spacing and large volumes such that finite size effects dhimaiwell under controlni,L = 4, cf.
table 1). On the finer lattices we use the lwasaki gauge aftibn15] and the (Shamir/Mdbius)
domain wall fermion action [16, 17, 18, 19]. Two of the enséslhave been generated with=
2.25 (labelled C)a~! = 2.31(4) GeV) [20] andB = 2.13 (labelled A)a~1 = 1.75(3) GeV [21]. The
coarser ensembles have been generated with the lwasakRRSfon [20] atB = 1.75 (labelled
B),a = 137(1)GeV.

4. Data analysisand results

In the following we present two distinct analyses: Analykisas been published [5] and
considers all ensembles except #ynys and Cphys With physical light quark masses, analysing
only (2.1) (cf. l.h.s. plot in figure (1)). Analysis Il is newnd preliminary and comprises the
full set of ensembles listed in table 1, analysing both (2rid (2.3) (r.h.s. plot in figure 1). This
preliminary analysis is discussed in the next section. Rahyais | we have studied three different
ansatze for the mass-extrapolation:

FE77(0) = 14 fo(f,me, mg,mp ) + (Mg —m7)? (Ao + Ad(Mg +m?))
_ 2
fEm(0) = A+7("ﬁnﬁm%) Ao, (4.1)
. 2
fKT(0) = 1+ % (Ao+A1(Mg +m2)) .
The fits are motivated by the expectation for the mass deperd@ chiral perturbation theory

wherefkT(0) = 1+ fo(f,mZ,mZ)+ - -. In this NLO expression [22] the only unknown parameter
is the decay constarft. We use this term and supplement it with higher order terrasréspect
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SU(3) symmetry and are motivated by the complete NNLO coatut [23]. We note that we
do not have sufficient data to fit the full NNLO expression. Beeond ansatz is derived from a
Taylor expansion of the NLO expression f+4in the SU(3) breaking mass difference and in the
third ansatz we supplement this expression by a model ftvehigrder terms. Note that the second
ansatz turns out to be rather stiff and unable to describeuhature seen in the data close to the
SU(3) symmetric point. By adding the free parame&ave allow the fit to deviate from the SU(3)
symmetric limit fX(0) = 1. We find that all fits lead to mutually agreeing results whetmé only
to the data closer to the physical point. This is illustratefigure 2 which shows how the fit results
behave under variation of the lightest (upper plot) and tesadata point (lower plot) included into
the fit.

Our final result is based on the third ansatz in (4.1) which we f&ll our data. As an estimate
for the model-dependence we take the difference of the alevdiiue with respect to the central
value of the fit with the first ansatz in (4.1) with= 123MeV. The final result is [5]

ff n(o) =0. 967(120) stat(t402) model( 7) FSE( 17) cutoff - (4-2)

The estimated error due to finite size effects (FSE) is basef@4, 25]. Since the SU(3)-limit
fK7(0) = 1 is exactly obeyed in our simulations cutoff effects canegppnly in the difference
of the result from one. Indeed, we do not see any indicatidrautff effects in our data (note
for example that the pairs of data points corresponding tw&b.1 and 0.15 on thg-axis in
the plots in figure 1, respectively, fully agree despite bdiom lattices with distinct lattice cut-
offs). We attach a conservative error @\qcp)? ~ 5% which is motivated by the automatic
O(a)-improvement of chiral fermions. This error is then applitedthe difference of the result
from unity to obtain the uncertainty induced i_l'ﬁ"(O). In figure 3 we compare our result to other
lattice computations and results based on chiral pertiorfdheory and models. Together with
Vus FK7(0)| = 0.21635) from experiment [7] we make the predictiovs| = 0.2237"13). Sup-
plementing|Vyg| = 0.9742522) [26] and |Vyp| = 4.15(49) - 10~3 [27], this yields the successful
test of CKM first row unitarity,Vyq|? + [Vus|? + [Vup|? — 1 = —0.0008 *{)

5. Analysiswith physical light quarks

In the meantime the RBC/UKQCD collaboration has generatedphysical point data sets,
Conys and Apnys and the preliminary results on these ensembles can be sdka ith.s. plot in
figure 1. While all prior results were obtained from standewdrelator computations (i.e. a small
number of exact solves on each configurations) these newsegere obtained using all-mode-
averaging [28] and solves for a large number of source sipkrs¢gions. This in turn allows us to
study in detail the residual contamination of the grountkestantributions to correlators by excited
states. The r.h.s. plot in figure 3 shows the result for thenffactor as a function of the source
sink separation (top panel) and the associated statisiicartainty (bottom panel). We also show
a preliminary fit to the dependence of the final result on th&rcesink separation which will
allow for reducing this source of systematic uncertaintige T.h.s. plot in figure 1 also shows our
preliminary attempts at fitting the data in order to corremtdlight mistunings in the light- and
strange quark mass. The result (4.2) is compatible with celmpinary new fits. We are currently
increasing statistics for the physical point data and Wil finalise this analysis.
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Figure 1: Summary of all simulation data. Left: two ansétze for the snadrapolation and result at the
physical point [5]; Right: two ansatze for the mass extrapoh including the results at the physical point.

€ A+NLO—polynomial
A 14f,(f=123MeV) +
@  A+(NLO+NNLO)—

0.975] > 1+(NLO+NNLO)
= 0.965 -
£+
Ay

0.955|

0.975|
g
= 0.965
£y
£

0.955|

200 300 400 500 600 700
m" /MeV

Figure 2: lllustration of the dependence of the results for the foratdaon different ansatze under the
variation of the lightest (top panel) and heaviest (bottdot)pncluded pion mass, respectively.
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Figure 3: Left: Summary of lattice results fai”(0). Right: Exponential fit to the dependenceféf?(0)
on the source-sink separation.
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6. Conclusions

In this talk we have presented the status of the RBC/UKQCRlootations efforts to compute
the K — 1 semileptonic form factor at high precision. The objectiseniprecise first principles
determination of the form factor at zero momentum transt@gether with experimental results
this allows for determining the CKM-matrix elemelit,s|. We have discussed our fit-strategy and
the extension of the published analysis by two new pointk witysical quark masses. With the
help of these two new data points the dominant uncertainprémious results stemming from the
chiral extrapolation will be reduced to a minimum.
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