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We report on the QCD calculation of the hadronic matrix eletaeelevant for the exclusive rare
B decays, such & — K®*)¢T¢~ andB — K*y. The hadronic input for the decay observables,
in addition to the heavy-light form factors, contains sfie@ontributions, generated by the four-
guark and penguin operators, such as the charm-loop effee¢scorresponding hadronic matrix
elements are calculated by the same method as the formdaefoplying OPE and light-cone
sum rules in QCD. This technique allows one to take into aotthe nonfactorizable soft-gluon
contributions. The results are expressed in terms of (sgdependent) corrections to the short-
distance coefficients of the effective Hamiltonian. The &oipof these corrections on the most
important observables, e.g., on the forward-backward asginy inB — K*¢™¢~, is estimated.
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1. Introduction

Exclusive rareB — K™ *1~ andB — K*y decays are of a great importance for the precision
tests of the FCNC transitions in the Standard Model (seetbgyreview [1]). The decay amplitude

AB— Kty = (K0t~ | Heet | B) (1.1)

contains hadronic matrix elements of the operators emehia effective Hamiltonian [2]. Domi-
nant contributions in the semileptonic and radiative dsaayginate from the operatof3g;10) =
Sen[Syu(1— ys)bjy* ()¢, andO7 = — g% (S0 (1+ v5)b]F MY, respectively. Their hadronic matrix
elements are factorized and reducedte> K*) form factors. In addition, there are more compli-
cated hadronic matrix elements generated by a common aafttbe quark electromagnetic current
with the current-current operato@; = (s_Ly“cL) (cLy*b.) andO, = <§;y“c‘L> (E'Ly“blj_) or with
the penguin operators. In what follows, we will shortly oxiew the current status d& — K(*)
form factors and present our results concerning one of tipeitant nonfactorizable contributions:
the soft gluon emission from the charm loop induced by theaipesO, » together withc-quark
e.m. current.

2. B— K™ form factors from QCD light-cone sum rules

The method of light-cone sum rules (LCSR) employs the oalgidea of QCD sum rules:
to match the operator-product expansion (OPE) of a certairelation function of quark currents
to a hadronic dispersion relation. In the conventional ieer®f LCSR for heavy-to-light form
factors, the non-perturbative strong interaction dynanmgabsorbed in the light-cone distribution
amplitudes (DA's) of the light hadrons. The latest applaag of this method t@ — 1, K form
factors [3] contain details and references to original woMore recently, a version of LCSR with
B meson light-cone DA's was used in [4] (see also [5]). Theentrstatus of th& — K*) form
factors relevant for the rare radiative and semilept@hdecays is summarized in the Table below
taken from [6], where we usB — K form factors from LCSR with kaon DA's, where&— K*
form factors are calculated using the approach Bittneson DA's. The latter approach still has
larger uncertainties, e.g., the gluon radiative correstibave not yet been taken into account and
the uncertainty in the inverse moment of the leading twdiglarB-meson DA remains quite large.
Note thatB — K* form factors are not yet accessible in lattice QCD with dyitaquarks, due to
the large width oK*. The use of DA's folK*'s with zero widths in LCSR [7] also represents a sort
of a “quenched” approximation.

The LCSR predictions for the form factors are generallydzali small and intermediate mo-
mentum transfeg? to the lepton pair. To extrapolate these predictions tcelegg, a series expan-
sion based on general analytical properties of the fornofaatias used (the version suggested in
[8]). A systematic analysis of series expansionBor> K *) form factors was performed in [9].

3. Charm-loop effect in B— K™*)¢+¢~ and B — K*y

The charm-loop effect iB — K*)¢*¢~ andB — K*y is described by a non-local hadronic
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matrix element [6]
A% (pg) =i [ dxeX K ()T {E0yuc) . [C101(0) +C202(0)| }[B(p+0)) .(3:1)

At 7 < 4 the time-ordered operator-product receives the domiramtribution near the light-
cone, x> ~ 0. Contracting thec-quark fields in the propagators, one can systematicalliveler
an OPE, which in the leading order corresponds to the faetbie charm loop. The soft-gluon
emission is parameterized by the effective nonlocal qaatiguark-gluon operator. In [6] the new
nonfactorizable hadronic matrix element for this operatas computed using LCSR with three-
particle B-meson DA’s. It is convenient to represent the charm-lodecefin B — K*)/t¢~ as a
process- ang?-dependent correction to the Wilson coeffici€gtof the operatoOg. According to
our numerical estimates [6], B— K¢+ /¢~ the nonfactorizable charm-loop amplitudegét 4m2
amounts to several percent of the factorizable one and hiffeigedt sign. The soft-gluon effect is
more pronounced iB — K*¢*¢~ at smallg?. In B— K*ythe factorizable charm loop contribution
is absent and the nonfactorizable charm-loop effect caxjpessed as a few percent correction to
the Wilson coefficien€;.

In order to access the region of large momentum transégrs-@nmZ and above) where the
light-cone OPE for the charm-loop effect breaks down, weleynpadronic dispersion relation in
the variableg® and saturate it by /@ and@(2S) contributions parameterizing the higher states by
an effective pole. The influence of charm-loop contributionthe observables & — K*/*¢~ is
shown in Fig. 1. The correction to the differential width isite moderate, in particular there is
only a small shift of the zero-point in the forward-backwasymmetry irB — K*¢*¢~.

To complete the estimate of nonfactorizable effect8 i K(*)¢*¢~ we plan to include the
hard-gluon perturbative corrections to the charm-loop laoge in this framework. Previously,
this part of the effect was included in the analysiBofs K*¢* ¢~ done in [10] in terms of QCD
factorization. Together with an estimate of the weak aratiloin effect in these decays, a complete

form factor | FL . (0) b} Bs(JP) | input atg? < 12 Ge\?

faw | 0347555 | —2179% | Bs(1)
9 0.34"2%5 | —4.3"08 | no pole LCSR
fak 0.39"09% | —2.2%29, | Bi(1) with K DA's

VK] 036555 | 4870 | By(1)

AP | 0257035 | 0347555 | Bs(1")

ABK 10237313 | —0.85"288 | By(1") LCSR

ASK 0.29"230 | —182"13 | Bs(0) with B DA's

TEC 10317918 | 46785 | Bi(1)

T 0.31f8}}g —3.23;% Bs(1%)

T8 0.227010 | —103"3% | Bs(1%)
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Figure 1: Differential width (left) and forward-backward asymme(right) of By — K_*uﬂr calculated
in [6], with the charm-loop effect (solid, the shaded aredicates estimated uncertainties) and without this
effect (dashed).

and accurate account of nonfactorizable effects will beeseldl. This will allow to improve the
accuracy of the observablesBf— K*)¢/*¢~ at low and intermediate?.

4. Conclusions

We applied the QCD sum rule methods to calculate the hadroaitix elements involved
in B— K®¢t¢— decays. Thd — K*) form factors are obtained from LCSR, and the hadronic
matrix elements responsible for the charm-loop effectlaea talculated with the same method. In
addition to the leading-order factorizaldegquark loop, the soft-gluon effect is taken into account
and expressed in terms of the hadronic matrix element of éooanoperator. The influence of
these effects on the decay observables was investigatedy amall shift of the zero-point of the
forward-backward asymmetry B — K*/*¢~ is predicted.

We are grateful to Thomas Mannel and Alexey Pivovarov foudftrl collaboration.
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