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K to pi semileptonic form factor with 2+1 flavor domain wallrR@ons on the lattice

1. Introduction

The RBC and UKQCD collaborations are currently performirjgiat full lattice QCD sim-
ulation of theK to 1 vector form factorfK(0) from first principles. Our motivation lies in
the fact that the theoretical uncertainty if"7(0) is still dominating the extraction of the CKM
matrix elementV,s| from the experimentally very precisely measured decaysraRalutan pre-
sented a review of the experimental situation at this cemiez [1] and we quote his estimate
VusFX7(0)| = 0.2166845) (cf. the PDG 2006 valup/,sf<™(0)| = 0.21699) [2]).

The current experimental precision is not fully appredatea determination ofV,s| since it
is still common practice to determine it using the phenonfegical estimateff™(0) = 0.961(8)
given by Leutwyler & Roos [3] in 1984 because a first princgptalculation offf"(O) on the
lattice with a reliable control of the systematic uncertiam is lacking.

The calculation on the lattice is straight forward in prpiei The technique which allows to
achieve sub-per cent level precision for the predictiori!gf(0) has been set out in [4] and it has
subsequently been applied in several computations [5, &. iHowever, all these computations
were carried out in quenched or partially quenched QCD yiigh a quenched strange quark and
two dynamical light quarks) or with rather heavy up and dowar§f masses resulting in unphysical
pion masses of 500 MeV or heavier. This made it difficult téatdl extrapolate the data to the
physical point using predictions for the quark mass depecglérom chiral perturbation theory.

In this talk we present the status of our calculatiorfj&l‘(O) with N; = 2+ 1 dynamical quark
flavors of domain wall quarks with an unprecedented lighbpimass of around 300 MeV which
will allow to estimate the systematics due to the chiralagxtation more reliably [9, 10].

2. The simulation
TheK — mmmatrix element

(TP Vu K (PK)) = FE(@) (P + Pr)u + F7(0%) (Pk — P, (@=Px—Pn),  (2.1)

can be extracted from suitable Euclidean three-point @iroa functions at large values of the
Euclidean time. We compute these correlation functionsctly from the discretized Euclidean
QCD path integral by means of a Monte Carlo integration. Iipaar, we use the lwasaki gauge
action [11] and the domain wall fermion action which for oumslation parameters turns out to
exhibit good chiral properties [12]. The ensembles of gar@digurations on which we evaluate
the correlation functions have been jointly generated ByRBC and UKQCD collaborations [12].
For our choice of the bare couplify= 2.13 the inverse lattice spacingas® ~ 1.62 GeV.

For precision results one has to control and understandaheeas of systematic errors of
which we summarise the most significant ones in the following
guark masses We simulate QCD with a fixed dynamical strange quark of axiprately physical
mass and a pair of dynamical degenerate light up and dowkguamnce it is currently not feasible
to simulate with the latter at their physical mass in a lagggde volume we generate results for a
number of unphysically heavy up and down quark masses. Tassés are then extrapolated to
the physical point ideally using predictions for the quarkasdependence of the form factor from
chiral perturbation theory.
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Figure 1. Typical result for {X™(q?) (am = 0.01). Left: Data points forg2,,, and (|pk/|,|p'xl) €
2m/L{(0,1),(1,0),(+/2,0),(0,/2)}. Right: Zoom intog? = O-region with scattering of interpolation re-
sults from using different ansatze.

finite volume: The systematics due to the finite extent of the lattice camimstigated in chiral
perturbation theory [4]. Here we directly assess the infteasf the spatial boundary by comparing
the scaling of observables between two simulations withvatgnt physical parameters but two
different lattice sizes{L/a)® x (T/a) x Ls = 16® x 32x 16 and 24 x 64 x 16 (L and T are the
spacial and time-extent of the lattice, respectively agithe size of the 5th dimension). In physical
units the spacial volumes af&.9fm)3 and(2.9fm)3.

In a finite volume, the momenta of the kaon and pjpr| and |p,| are quantized and take the
values 0, 2r/L and+/22mt/L, .... Thus, the kinematical poinf® = 0 is generally not directly ac-
cessible in lattice simulations and one has to interpotaddrm factor ing?.

cut off effects The domain wall fermions simulated here are chirally syrniméo a good approx-
imation and therefore cut-off effects are naively expedttele of order(a/\QCD)2 ~ 4% (assuming
Nocp = 300MeV). We are currently extending our project by a simatatvith a larger cut-off
which will allow us to assess cut off effects in a more rekabiy.

We carry out the following 3-step procedure [4] to extraet fbrm factorfk™(0) = fX™(0):

1) Compute the scalar form factor
KTt/ ~2 K/ ~2 q2 K/ ~2
f =f ———f 2.2

at g2, = (Mg —my)? from

CRT(t,t;0,0)0CI (t',1;0,0) t,'—t)—e (Mg +M)? - k) o 112
RELE) = CRK(t,t;0, O)C (t',t;0,0) 4mg my; o ™ (Gna0]” 23)
where
CK™(t',t, ', p) = Ze—'ﬁ 010X 0| 0| 71) (V| K ) (K | G| O) (2.4)

are Euclidean three point correlation functions from whtiol matrix element (2.1) can be
extracted for large values of the Euclidean tirhes
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2)

3)

Computefgn(qz) from ratios similar to (2.3} with the combinations of Fourier momenta
of the kaon and piof|pk|, |p’,|) € 211/L{(0,1),(1,0), (v/2,0),(0,/2)}. A typical example
of the resulting data is shown in the left plot in figure 1. We tisis data to constrain an
interpolation tog? = 0. The corresponding ansatz is a priori not known and we astittne
resulting systematic uncertainty from the scattering efréssults at®> = 0 as obtained from
different fit ansatze:

f0°() = fo(0)/(1— o/ M?),
f(?) = fo(0)(1+c?/MD), (2.5)
fY?) = f0(0)(1+ 6P /ME+q*/M3),
_ 2
fé’f”(qz) = Wkgoak(qga(gz)z(q2>qg)k-

For the z-fit [13] in the last line we use the same parameteasready described in [9]. An
example of the performance of the different ansatze is givéine right plot in figure 1. We
mention that a new approach for the computatiorﬁo'ﬁT(O) on the lattice has been developed
and tested in [14] in which the interpolation is completelpided, thus eliminating one
source of systematic uncertainty.

At this point the results fof™(0) are still for unphysically heavy up- and down quark
masses. Contact with the physical point is made using giedicfrom chiral perturbation
theory. Here it is crucial to note that firstlf{™(0) = 1 in the SU(3)-symmetric limit and
that thanks to the Ademollo-Gatto theorem [£47(0) is analytic up to includings® contri-
butions and can be expressed purely in terms meson masses [3]

f§7(0,m, my) = 1+ fo(my, myp) +0O(p%), (2.6)

where we takef,(mg, m;) from [3]. In our simulation we therefore only compute the-cor
rections beyong®. To this purpose we determine the quantity

EET(0, My, k) — (14 (Mg, k)
o = (g~ 72 /

2.7)

and extrapolate it linearly itimZ +m2) to the physical point. The linear fit-ansatz is sup-
ported by visual inspection of the data in the l.h.s. plot gufe 2. We also extrapolate
linearly the quantity

Af (Mg, my) = T80, mic, myp) — (14 fa(mk, M), (2.8)

and take the discrepancy between the result at the physicdlgbtained in this way and the
result at the physical point fdRy; as an estimate of the systematic error.
We repeat the result at the physical point which we alreadyegliat the CKM 2006 work-
shop [9]:

As = Ry, (Mg —m?)? = —0.0161(46)(15)(16)(7).. (2.9)

IFor more details please refer to [4].
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Figure 2: Left: Linear chiral extrapolation of the form factor datatémms of the ratid,, . Circles represent
data points from the Fédata set and triangles the ones from thé @4dta set. Empty symbols have not yet
been included into the extrapolation. Right: Results ff67(0,m;, mk) in comparison to the form factor
with only leadingSU(3)-breaking contribution % fa(my, mg).

The errors are statistical, systematic due to the extrépoléo the chiral limit, systematic
due to the interpolation im? and cut-off effects. Since this quantity is only tgp°®)-
correction tof{™(0) the current precision is sufficient to yield a sub-per centrefor the
form factor itself. Our final result is then readily obtainegusing

fET(0) = 1+ ™5+ R — m2)?, (2.10)

evaluated at the physical point.

We here quote our preliminary result [9§™(0) = 0.960951). If we combine this result
with Palutan’s estimate fdW,sfX"| from his review at this conference we determjvig| =
0.22554)exp(12) fm(0)-

In the r.h.s. plot of figure 2 we also plotted our preliminaegults for f<™(m;, my) as a
function of the pion mass square@my)2. Our results suggest thak™(0) receivesSU(3)-
breaking contributions beyonid(m;, Mk ) which are of the same sign and of about the same
magnitude as,(m;, M) (dashed red line), itself.

3. Outlook and conclusions

We presented our most recent data for the precision detatimmof theKI3 form factor from
lattice simulations of full N = 2+ 1) QCD with good chiral properties. We will shortly finalize
our study with a single lattice spacing. A more reliableraatie of cut-off effects will be possible
in the near future after analysing the relevant correlatimetions on a gauge field ensemble with
a larger cut-off which is currently being generated by thelRiid UKQCD collaborations.

Since the CKM 2006 workshop [9] we extended our simulatiorth®y data point aam =
0.005 which yields pions of masam; =~ 300MeV. We are currently increasing statistics on it.
Once this data point is finalised it will help to further caast the chiral extrapolation of our data.
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We hope to be able to present final numbers including this pizitat at this year’s Lattice confer-
ence.
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