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We report on form factors for thB — KI™1~ semi-leptonic decay process. We use several lat-
tice spacings frona = 0.12 fm down to 0.06 fm and a variety of dynamical quark masséis wi
2+1 flavors of asqtad quarks provided by the MILC CollaboamatiThese ensembles allow good
control of the chiral and continuum extrapolations. Thguark is treated as a clover quark with
the Fermilab interpretation. We update our resultsffoand f, , or, equivalently,f, and fo. In
addition, we present new results for the tensor form fa¢tor Model independent results are
obtained based upon tzeexpansion.

The 30th International Symposium on Lattice Field Theory
June 24-29, 2012
Cairns, Australia

*Speaker.

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


mailto:sg@indiana.edu

Form factors for semi-leptonic B decays Steven Gottlieb

1. Motivation and theoretical background

The rareB meson decaf — KlI is mediated by a flavor changing neutral current (FCNC). The
Standard Model (SM) contribution occurs through a penguin diagrathéd — sll process. Since
FCNCs are small in the SM, this decay presents an opportunity to deteatidéys-Standard-
Model (BSM) physics. This decay has been studied by severaliexpeats including BaBaf]1],
Belle [3], CDF [3], and LHCb [4]. We expect that LHCb will continue to ime its precision,
and newB factories such as SuperB and SuperKEKB will greatly add to our utadetimg of this
decay.

Recently, the CDF Collaboration published results forBhe— K™yt~ differential branch-
ing ratio [3]. They compared their measurement with a decade-old predftitre decay form
factors based on light cone sum rule (LCSR) calculatifins [4]. Thererisiderable uncertainty in
the LCSR form factors at small momentum transgfér Unless the uncertainty in the form factors
is reduced, our ability to search for BSM physics will be severely limited by tdd&nowledge of
the SM decay rate.

Lattice QCD enables first-principles calculations of the form factors witlrothed errors that
are systematically improvable. In fact, the first study of this decay, usingu@eched approxima-
tion, was done over 15 years adp [5]. Since then, there have beerattu@ional studies using the
quenched approximatiof] [f, [, 8]. Recently, there have been two gstugying this decay using
2+ 1 flavor improved staggered quark configurations from the MILC cohaiian [9,[1D].

2. Ensembles

Table[1 shows the ensembles that were used in the current calculationVlITBeensem-
bles [11,[IR[13] were generated using three flavors of dynamicakgju@he quarks are asqtad-
improved staggered quarks and a Symanzik improved gauge action isTiecommon mass (in
lattice units) of the two light sea quarks is denoged and that of the strange sea quarlaiss.
We use four coarsea(x 0.12 fm), five fine (& ~ 0.09 fm) and two super-finea(~ 0.06 fm) en-
sembles, in order to control the chiral and continuum extrapolations. afteeaf light-to-strange
sea-quark masses varies from 0.4 to 0.05. On each configuration,eMewrssource times to
increase statistics.

3. Form factors

Semileptonic decays of a heavy-light pseudoscalar meson to a pselad@socactor meson
are characterized by form factors that describe matrix elements of arfiadurrent between initial
and final states. We concentrate here on the dBecayKIl for which we need two matrix elements
(K(pk)|isy"b|B(pg)) and(K(pk)|isc*Vb|B(ps)), where theB meson momentum igg and that of
the kaon ispk. For the vector current matrix element, we define two form facterand fo, while
for the tensor operator, we only need a single form faétor

_ M3 — M2 M3 — M2
(K|isybB) = f.(q?) <p§ + Pk quKQ“> (@)= (3.1)
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~ a(fm) size am /amy Nimeas
0.12 26 x 64 0.02/0.05 2052
0.12 26 x 64 0.01/0.05 2259
0.12 26 x 64 0.007/0.05 2110
0.12 26 x 64 0.005/0.05 2099
0.09 28 x96  0.0124/0.031 1996
0.09 28 x96  0.0062/0.031 1931
0.09 32x96 0.00465/0.031 984
0.09 43 x96  0.0031/0.031 1015
0.09 64 x96 0.00155/0.031 791
0.06 48 x144 0.0036/0.018 673
0.06 64x144 0.0018/0.018 827

Table 1: Ensembles of asqtady = 2+ 1 configurations analyzed.

2fr ()

Klisohb|B) = ————
(Klisot*bl) = T

(PEPK — PEPK); (3.2)
In these equationgl = pg — pﬁ is the momentum transfer, agd is the outgoing dilepton invari-

ant mass squared. We can alternatively describe the vector currentdotors byf and f,. We
define

(K[iS#b|B) = \/2Mg [V* ) (Ex) + P 1 (Ex)] (33)

wherev¥ = ph /Mg is the four-velocity of théB meson ancpﬁ = pk — (P - V)VH.
In lattice QCD, itis convenient to work in the rest frame of Bimeson. The new form factors
are considered to be functions of the kaon ené&igy

f(Eq) = ““5’2\/%@7 (3.4
(K[iS/blB)

V2Mepy
M + Mic (K (K)iba®B(p))
Vs V2Mep,

where there is no sum on the indein the equations forf| and fr. In the B-meson rest frame,
o = (ps — p)? = M3 + M2 — 2MgEx, so smallEx corresponds to large?.

f(Ex) = (3.5)

fr(Ex) = (3.6)

4. Chiral-continuum extrapolation

Because we work with light quark masses larger than in Nature and aaronattice spacing,
we must take the chiral and continuum limits of our results. We use heavyrlighbn staggered
chiral perturbation theory (HM@PT) [L4] to perform extrapolations. We work to zeroth order in
1/my, and next-to-leading order in the light-quark masses, kaon recoil erangyattice spacing.
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Figure 1. The form factorsf (left) and f, (right) as a function oEx in lattice units. The legend in Fig. 2
explains the meaning of all the symbols.

The form factorsf; andf are fit to the following forms:

clo
O Y SIS
s
fo— cf’ 1 logs
LT, Ex +Ap, +logs  Ex +Ag,
C(f) (1) (2) 3) (4) 2 (5).2
+m [CJ_ m‘i'CJ_ (2m+rns)+CJ_ EK—FCJ_ EK—FCJ_ a:|, (4.2)

where the notation in Ref[[]L5] is used, abgl = mg; —Mg. The 1-loopSU(2) chiral logarithms
(denoted as “logs” above) are non-analytic functions of the pseatbssmeson masses. We use
the same form forfr as for f |, because the Isgur-Wise relatidn][16] requires that f, in the
large Mg limit, and the shape of, is dominated byf, at low recoil. Figure$]1 and 2 show our
results forf|, f, and fr including the continuum, physical quark-mass curve plotted as a black line
with a cyan error band.

5. z-expansion

Because only relatively small kaon momenta are accessible in the lattice caltuladioange
of ¢? directly calculable is close to the maximum value. However, the experimentdtsrase best
at low g?. We use the-expansion to extend the kinematic rangg [17]. This expansion is based on
the field theoretic principles analyticity and crossing symmetry. It is systematiogbiovable by
adding more orders to the expansion. Tfi@egion is mapped taby

_ Vb - —vi =T (5.1)
Vi — @+ G T

z(¢?,to)

4
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Figure 2: The form factorfr as a function oEg in lattice units.
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Figure 3: Fit of form factor multiplied by Blaschke factor and outenfion to a polynomial expansion in
z. Only statistical errors are shown.

wheret. = (Mg + M)2. We are allowed to choogg as we wish to minimize the range [&. It
is convenient to choodg =t (1— \J1— %) This results in the full range af for this decay
being mapped t¢z| < 0.16. The form factors are then expressed as a functian of

HD) = g 3 &, (5.2)

where the Blaschke factd(z) = z(g?,m2) is used to account for the pole structure of the form
factor, and the outer functiop(z) is selected such thaty a2 < 1 [§].

In Fig.[3, we show our polynomial fits to the form factors multiplied by the Blasdhctor and
outer functionj.e., f(q?)B(2)¢(2). To generate these plots, we calculate synthetic data at selected
values ofzin the range accessible to our simulations based on the chiral-continuumodsti@p
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Figure 4: Preliminary results for form factors as a functiongdf including comparison with Ref[|[9].

of the lattice data in Figd] J}-2. We see that the negatiregion corresponds to maximueg,
and that is the region in which the lattice calculation is done. We impose the kineroastaint
f, (g7 = 0) = fo(g? = 0) in the zfit. We use terms up ta® for f, and fo, andz® for fr. The
form factors as a function af® are shown in Fig[]4. Both statistical and systematic errors are
shown, but these results are preliminary and do not include the finalnnafiration factors or all
the ensembles that we will analyze.

At large g%, where we can directly compute the form factors, the error is about 5%g? As
decreases, the errors from statistics, chiral fit zedpansion grow to more than 30% fér and
fo and to about 100% fofr. One reason that the relative errors grow at smpals that the form
factors themselves are getting much smaller.

6. Conclusions

We have presented some preliminary results for the rare dg@eayKll form factors. There
are additional ensembles not yet included in the analysis. We still need tdénitla perturbative
renormalization factors, which are expected to be close to unity and wilhaotge our results sig-
nificantly. Our results foff, f; andfr can be used to calculate the 3v- KII branching fraction
or to make predictions for this process in BSM theories. Other semileptoraysiearrently being
analyzed includ® — mlv andBs — Kl v.
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