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Abstract.

We study hadronic annihilation decays Bfmesons within the perturbative QCD at collinear
approximation. The regulation of endpoint divergenceseidgrmed with the help of an infrared
finite gluon propagator characterized by a non-perturbatynamical gluon mass. The divergences
at twist-3 are regulated by a dynamical quark mass. Ourteftijuite well the existent data of
B® — DgK* andB? — D5 *K™ for the expected range of dynamical gluon masses. We alse mak

predictions for the rare decad — K-K+, B? — ", 0, B+ — DYV TK?, B — DK F
andB? — D*™) rF DOm0,
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INTRODUCTION

Perturbative QCD has been largely applied in the studB afeson decays, specially
in non-leptonic decays which requires the calculation afrbaic matrix elements. In
such processes the long distance interactions betweenitia¢ and final state mesons
impose a difficult obstacle in amplitudes calculations.Ha pQCD approach the cal-
culation of the matrix elements can be performed due to tlye Iacale involved in the
strong interactions®(mg)). The perturbative dynamics can be factorized from the non-
perturbative dynamics by applying the hard exclusive sdaty Brodsky and Lepage’s
approach [1]. However, in the collinear approximation ofGIy the amplitude cal-
culation of non-factorizable diagrams (spectator intéoacand annihilation) presents
end-point divergences that can not be absorbed into themaegave functions to pre-
serve the factorization as usual [2]. Although these cbutions in general are power
suppressed and are negligible in front of the factorizablgributions, it is important
to have a reliable calculation of the annihilation diagratue to the strong phases that
are relevant in the determination of the CP violation patanse and also in the evalu-
ation of pure annihilation processes. These divergenaebedreated by different ap-
proaches, for example [2, 3]. In this work, we present a stfdye regulation of the
divergences using the prescription of an IR finite gluon pgaior, which appears as
a non-perturbative solution of the gluonic Schwinger-Dysguations (SDE) [4]. For
consistency with the gluon dressing and in order to deal thighcollinear divergences
that appear at twist-3, we will also use the dynamical masesdise light quarks. We
focus on pure annihilation decays, in which the dependencen® regulation will be
more evident.
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PERTURBATIVE QCD APPROACH

Weak decays d8 mesons are described by an effective Hamiltonian at a resation
scaleu < M. This effective Hamiltonian is formally obtained using thperator Prod-
uct Expansion (OPE), describing effective interactiomsulgh four-quark operators [8].
The amplitude of the decay — f is obtained from:

/(B 1) = (| 7erlB) = 2 T VoG (1)(Q0). &)

whereGe is the Fermi constantcky are Cabibbo-Kobayashi-Maskawa factdpsare
the four-quarks operators contributing to the decay@fd) are the Wilson coefficients;
(Qi) = (f|Q;|B) are the hadronic matrix elements between the initial andl Stages.

In the pQCD formalism the hadronic matrix elements are oleththrough a convolu-
tion of the hard scattering kernel and the distribution amgés of the mesons involved
in the process. In the case of a two-body non-leptonic d8cayM1 My in the collinear
approach, the matrix element of a given oper&pis [1]:

(Q) = [ dxelycz T(x.2) B () Py ) Ds(2), @

wherex,y,z are the momentum fraction® (x) are the light-cone distribution ampli-
tudes for the quark-antiquark states of the mesons decadposerms of spin structure,
which are non-perturbative functions of the momentum feexctarried by the partons;
T; is the hard scattering kernel that can be perturbativelyprded as function of the
light-cone momenta of collinear partons.

REGULATION OF DIVERGENCES

In this work we deal with the soft divergences due to the IRisking gluon using the
non-perturbative propagator proposed by Cornwall [4]:

2. 4 4

wheremy = 500+ 200 MeV is the dynamical gluon mass scale. A simple fit for the
coupling constant that is factored out in this procedurevisrgby [4]

_ 1
Gsd(qz) = 4nb|n[(4m§—q2— Ie)//\z} ) (4)
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whereb = (33— 2n¢) /4877, This prescription for the gluon propagator has alreadyibee
successfully used in previously works (se e.g. [5], andresiees therein).
For the collinear divergences we use the dressed quarkgeitgrathat can be written

as
Z(p?)

S(p):ma

®)
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FIGURE 1. Feynman diagrams contributing to the amplitude of anribifedecays o8 mesons.

whereZ(p?) is the Lorentz scalar quark wave function renormalizatiom (p?) is the
quark dynamical mass. At large momenta, and in the chirad, litis known that that the
dynamical mass is related to the quark condensatgy(>) asM(p?) O < qq>/p? [6].
The many estimates of the dynamical quark mass give valuegbe 250 MeV and 300
MeV [6, 7]. Here, since the mass function has a plateau at lomanta and decreases
(in the chiral limit) very fast at high momenta [7], we canedgfassume(p?) ~ 1 and

S(p) = 1/(1p+M(0)).

ANNIHILATION DECAYS

We compute the amplitudes for pure annihilation decayserctilinear approximation
of pQCD at twist-3 approximation. This type of process os@ios order in perturbative
QCD. A typical annihilation decay of a B meson is shown in Rigwhere the bottom
guark decays through the W exchange or via a penguin procelsa quark-antiquark
pair is created in the final state through a gluon emissiomlyyo the quarks involved
in the process. The channels with these characteristitsmbashall analyze are the
following charmless channelB? — ", i, Bg — K*K~; and charmed channels:

B — DK F, Bt — DI™WKO, B2 — D) rF, DO, DOreP.
The branching ratios of each decay is calculated from

BPc

8rmg

whereTtg is theB meson lifetime pc is the momentum of the final state particles in the
B meson rest frame.

We perform the numerical calculation considering the glomss scale with values
mg = 400 MeV,500 MeV. The dynamical masses of the light quarksM(8) = m, =
my, in the interval 250 Me\x M(0) < 300 MeV, and the same value is assumed for
the s quark. The Wilson’s coefficients are computed using the &opus given in the
appendices of Ref. [9]. Other numerical parameters sudheamasses, decay constants
and life times of mesons, and the CKM parameters are takem [ft6]. In Table 1 we
show the results obtained and the experimental data alaflabeach decay channel.

#(B — MiM2) = | (B — MiMp)[?, (6)



TABLE 1. Branching ratios foB decays for the gluon mass scaig = 400 MeV and
500 MeV. The error corresponds to the variation of the dywaiuark mass, 250 Me¥
mg < 300 MeV. The available experimental data are also shown.

Channel #(mg=400MeV)  ZA(mg=500MeV) Experimental data [10]
BY — K*K~ (5.83+£0.67) x 108 (4.34+0.01) x10°® <41x1077
B - mtm (11.08+1.06)x107 (5.65+0.27) x 1077 <1.7x10°°
B — o (5.54+1.06) x 107 (2.83+0.27) x 107 <21x10°°
B% — Dy K™ (5.67+£0.73) x10®> (2.84+0.16) x10°° (29405)x10°°
B° — DIK- (5.69+£0.66) x 108  (2.71+0.22x10°8

Bt - D{KO  (6.09+0.69) x 108 (1.3440.22)x10°8 <9x10*
B - D mt (241£0.05) x10°® (1.65+0.55)x10°°

BY — D (1.21+£0.03) x10°® (0.86+0.25)x10°°

BY - Dt (8.13+£0.85 x107 (3.52+1.35) x 107

BY — D (4.04+£0.44) x 107 (3.39+0.95) x 107

BY - Di Kt (235+0.15) x10% (1.5640.05) x 107> (22+0.6) x 105
B - DitK-  (5.55+0.41)x10°® (2.21+0.06) x 108

Bt = D;tKO  (551+0.43)x 108 (2.3640.06) x 1078 <9x10*
B - D"~ mt  (3.36+0.06)x10°% (1.88+0.21)x10°®

B »D**m  (3.26+£0.29)x10® (3.91+1.31)x 108

In conclusion, we have studied some decay channe&pBg, BT mesons which

occur through the annihilation diagrams. We have arguddrfrared finite gluon prop-
agators and running coupling constants obtained as sotutibthe QCD Schwinger-
Dyson equations, may serve as a natural cutoff for the efmtt-givergences that appear
in the calculation of these decays. Also, we use the coestitquark mass for the light
quarks in the propagators to be able to perform the twisteutation of the amplitudes.
Comparing to the data available, our calculations are vatigfactory, notably for the
two channels with actual measuremets— D K* andB® — D5 *K*.
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