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We compute the branching ratios Bf- K 7 decays in the framework of the perturbative QCD factorization
theorem. Decay amplitudes are classified into the topologies of tree, penguin, and annihilation amplitudes, all
of which contain both factorizable and nonfactorizable contributions. These contributions are expressed as the
convolutions of hardb quark decay amplitudes with universal meson wave functions. It is shown that
matrix elements of penguin operators are dynamically enhanced compared to those employed in the factoriza-
tion assumption(2) annihilation diagrams are not negligible, contrary to common be{®f.annihilation
diagrams contribute large strong phases, &fdthe uncertainty of the current data of the raRe= Br(Bg
—K*77)/Br(B*—K°%r™) and of CP asymmetries is too large to give a constraint of the unitarity argle
Assuming¢;=90° which is extracted from the best fit to the dataRppredictions for the branching ratios of
the fourB— K= modes are consistent with data.
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[. INTRODUCTION ing assumptions. Though analyses are easier under this as-
sumption, estimations of many important ingredients, such as
B factories at KEK and SLAC are taking data to probe thetree and penguitiincluding electroweak penguircontribu-
origin of CP violation. Within the Kobayashi-Maskawa tions, and strong phases are not reliable. Moreover, it suffers

(KM) ansatZ1], CP violation is organized in the form of a the problem of scale dependenid. It is also difficult to
unitarity triangle shown in Fig. 1. The angt, can be ex resolve some controversies in the FA approach, such as the
. . 1 =

. branching ratios of th&—J/yK*) decayd9].
tracted from theCP asymmetry in theB—J/yKs decays, Pertur%ative QCI:(PQCDwfactorizatio{]S[th]eorem for ex-
which arises from theB-B mixing. Because of the similar c¢lusive heavy_meson decaBI_HJ] has been proved some time
mechanism ofCP asymmetry, the decayB’—m "7~ are g0 and applied to the semileptorBe-D*)()I v decays
appropriate for the extraction of the ang#e. However, [11 17 the nonleptonicB—D®)x(p) decays[9,13, the
these modes contain penguin contributions such that the efenguin-induced radiativ8—K* y decay[14,15 and the
traction suffers large uncertainty. Additional measurementgharmles8— ¢ decay{16]. PQCD is a method to separate
of the decaysB™— 7" 7° and B°— 7°#° and the use of hard components from a QCD process, which can be treated
isospin symmetry may resolve the uncertain{igs It has by perturbation theory. Nonperturbative components are or-
been proposed that the angbg can be determined from the ganized in the form of hadron wave functions, which can be
decaysB— K, 77 [3-6]. Contributions to these modes extracted from experimental data. Here we shall extend the
involve interference between penguin and tree amplitude?QCD formalism to more challenging charmless decays such
and relevant strong phases have been formulated in terms 86 B— K, 7. It will be shown that the difficulties en-
several independent parameters. Progress can be made aléggntered in the FA approach can be resolved in the PQCD
this direction, if one learns to compute nonleptonic two-bodyformalism.
decay amplitudes including strong phases. B, M)

The conventional approach to exclusive nonleptoBic
meson decays relies on the factorization assumpfieh)

[7], in which nonfactorizable and annihilation contributions *
are neglected and final-state-interacti{®isl) effects are as-
sumed to be absent. That is, this approach requires simplify-
N 03 31
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*Email address: sanda@eken.phys.nagoya-u.ac.jp FIG. 1. Unitarity triangle and the definition of the anglgs.
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In this paper we shall evaluate the branching ratios of theections to exclusive QCD procesge®l]. We observe that

following modes: this choice leads to an enhancement of penguin contributions
B by nearly 50% compared to those in the FA approach. As
B*—K%*, BJ—K*7~, elaborated in Sec. V, this penguin enhancement is crucial for

the explanation of the data of &l— K, 77 modes using

B*—K*7% BI—K°xO, (1)  a smaller anglep;~90°. Note that an angleé; larger than

110° must be adopted in order to explain the above data in
Contributions from various topologies, such as tree, penguinthe FA approach21].
and annihilation, including both factorizable and nonfactor- Recently, Beneket al. proposed an alternative approach
izable contributions, can all be calculated. That is, FA is into exclusive non|eptoni@ meson decayézz]_ In this for-
fact not necessary. It has been argued that annihilation dignalism factorizable contributionéransition form factors
grams should be included in order to retain the covariance ossumed to be dominated by soft dynamics, are not calcu-
decay amplitudes in the light-cone Fock representdtidh.  |able and treated as nonperturbative inputs. Nonfactorizable
In our approach strong phases arise from nonpinched singontributions, being infrared safe, are evaluated in the PQCD
larities of quark and gluon propagators in nonfactorizableframework. Annihilation contributions are still neglected.
and annihilation diagrams. As explicitly shown in Sec. VII, Therefore, this approach can be regarded as a mixture of the
strong phases from the Bander-Silverman-SdBSS  FA and PQCD ones. The comparison among the above ap-
mechanisn{18], which is a source of strong phases in theproaches will be made briefly in Sec. VII. For a detailed
FA approach, are of next-to-leading order and negligible. comparison, including predictions which can be distin-
As an application, we derive the raffband theCP asym-  guished experimentally in the future, refer[@8].
metries defined by PQCD factorization theorem for exclusive nonleptoBic
B meson decays are reviewed in Sec. Il. The factorization for-
Br(Bg—K*m*) mulas for variousB— K decay modes are derived in Sec.
R= M’ @ 1. The numerical analysis, including the determination of
meson wave functions, is performed in Sec. IV. We empha-

i i enguin enhancement in the
Br(§8—>K*w*)—Br(Bg—>K*TF) size the importance of the pengui [

AQ — 3) PQCD approach in Sec. V. FSI effects are discussed in Sec.
cP Br(§3—>K*Tr*)+ Br(Bg—>K+7-r*) ' VI. The PQCD approach is compared with other approaches
in Sec. VII. Section VIl is the conclusion.
. Br(B"—K°r")-Br(B*—K°z") @
P BB =K% )+Br(B" =K% ")’ Il. FACTORIZATION THEOREM IN BRIEF
— 0 0 0 =00 We first sketch the rough idea of PQCD factorization
jo _ BI(Bg—Km") —Br(B—K'7") 5 theorem and of its application to two-bo@ymeson decays.
" Br(BY—K%7°) +Br(BJ—K%7?)’ Take theB— 7 transition form factor in the fast recoil region
of the pion as an exampld.1]. Obviously, this process in-
_ - 0y _ + +_0 volves two scales: the quark massn,, which provides the
&= Br(B"—~K m)—Br(B" —K ), (6) large energy release to the fast pion, and the QCD scale
Br(B~—K 7% +Br(B" =K #?) Aqcp, which is associated with bound-state mesons. There-

. o i . fore, theB— 7 transition form factor contains both pertur-
as functions of the unitarity anglé; using PQCD factoriza-  pative and nonperturbative dynamics.
tion theorem. In the above expressionsB-K ™ ") rep- In perturbation theory nonperturbative dynamics is re-
resents theCP average of the branching ratios Bf flected by infrared divergences in radiative corrections. It has
—K*77) and Br(ggeK‘wa), and the definition of been shown order by order that these infrared divergences
Br(B*—K°x™) is similar. It will be shown that the uncer- can be separated and absorbed inBoraeson wave function
tainty in the data foR, A2, andAS, [19,20, or a pion wave functior{11]. A formal definition of the
meson wave functions as matrix elements of nonlocal opera-
R=0.95+0.30, Agpz —0.04+0.16, A%p=0.17+0.24, tors can be constructed, which, if evaluated perturbatively,
7) reproduces the infrared divergences. Certainly, one cannot
derive a wave function using a perturbative method, but has
is still too large to provide useful information @f;. Using  to parametrize it as a parton model, which describes how a
the central values of the CLEO data fBy we obtain¢;  parton (valence quark, if a leading-twist wave function is
=90°. referred shares meson momentum. The meson wave func-
An essential difference between the FA and PQCD aptions, characterized by ocp, must be determined by non-
proaches is that the hard scale at which Wilson coefficientperturbative means, such as lattice gauge theory and QCD
are evaluated is chosen arbitrarily &g, or m,/2 in the sum rules, or extracted from experimental data. In Sec. IV
former, m, being theb quark mass, but dynamically deter- we shall make explicit the determination of tleemeson,
mined in the latter. It has been shown that choosing thikaon, and pion wave functions from currently available data
dynamically determined scale minimizes higher-order corand phenomenological arguments. In the practical calcula-
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tion below, small parton transverse momeiia are in-  sition form factor, and further factorization is necessary.
cluded, and the characteristic scale is replaced bywith b Radiative corrections produce two types of large loga-
being a variable conjugate to- . rithms: In(M,/t) and In¢b). The former are summed by RG

After absorbing infrared divergences into the meson waveéquations to give the evolution froM,y down tot described
functions, the remaining part of radiative corrections is infra-by the Wilson coefficient€(t), while the latter are summed
red finite. This part, called a hard amplitude, can be evaluto give the evolution front to 1b. The matching between
ated perturbatively in terms of Feynman diagrams with fourthe full Hamiltonian and the effective Hamiltonian in the
on-shell external quarks, one of which is thejuark. Note above three-scale factorization theorem is similar to that in
that theb quark carries various momenta, whose distributionthe standard effective field theory. The difference is that dia-
is described by the parton model introduced above. Th@rams in the full theory contain not onl boson emissions
analysis of next-to-leading-order corrections to the pion formbut hard gluon emissions from spectator qud{s One can
factor[24] has suggested that the characteristic scale shoulghow that the effective operators, in the presence of the hard
be chosen as the virtualityof internal particles, which is of ~gluons from spectators, still form a complete basis, and that
ordermy,, in order to minimize higher-order corrections to the Wilson coefficients derived in the three-scale factoriza-
the hard amplitudes. This scale reflects the specific dynamidén theorem are the same as those derived in the standard
of a decay mode. effective theory.

The B— 7 transition form factor is then expressed as the Because of the inclusion of parton transverse momenta,
convolution of three factors: th8 meson and pion wave double logarithms If(Pb) from the overlap of two types of
functions, and the harl quark decay amplitude. This is so infrared divergences, collinear and soft, are generated in ra-
called factorization theorem. Note that the separation of nondiative corrections to meson wave functiof2s], whereP
perturbative and perturbative dynamics is quite arbitrarydenotes the dominant light-cone component of a meson mo-
This arbitrariness implies that a renormalization-gréR®)  mentum. The resummatiof25,26 of these double loga-
improvement of the factorization formula for tle— 7 tran-  rithms leads to a Sudakov form factor éxis(P,b)], which
sition form factor can be implemented. The RG evolutionsuppresses the long-distance contributions from the large
from the all-order summation of large logarithmic correc-region, and vanishes ds=1/Aocp. This factor guarantees
tions to the above convolution factors, along with Sudakowvthe applicability of PQCD to exclusive decays around the
resummatior]25], will be made explicit below. energy scale of thb quark mas$11]. For a detailed deriva-

A salient feature of PQCD factorization theorem is thetion of the relevant Sudakov form factors, we refer the read-
universality of nonperturbative wave functions. Briefly ers to[11,12. With all the large logarithms organized, the
speaking, the infrared divergences associated wittBthee- ~ remaining finite contributions are absorbed into the hard
son are process-independent, and the formal definition of theuark decay amplitudei(t). In the case of nonleptonic de-

B meson wave function in terms of matrix elements of non-cays H(t) contains all possible diagrams with six on-shell
local operators is universal for & meson decay modes. Itis quarks.

not difficult to understand this universality: infrared diver- A three-scale factorization formula for exclusive nonlep-
gences correspond to long-distance effects, while the ard tonic B meson decays possesses the typical expression,
qguark decay occurs in a very short space-time. It is natural

that these two dramatically different subprocesses decouplé(t) @ H(t)® ¢(x,b)

from each other. That is, the long-distance dynamics is in-

sensitive to specific decays of thequark with large energy . d; -
release. Because of universalityBameson wave function ®ex;{ _s(p,b)_zf — y(ag(p))
extracted from some decay modes can be employed to make b
predictions for other modes. This is the reason PQCD factor-

ization theorem possesses a predictive power. We emphasiaghere the exponential involving the quark anomalous dimen-
that PQCD is a theory, instead of a model, since higher-ordesion y= — a4/ describes the evolution fromto 1b men-
and higher-twist contributions can be included systematitioned above. Note that E¢B) is a convolution relation, with
cally. The model independence of PQCD predictions can b@ternal parton kinematics and b integrated out. The hard
achieved, once wave functions are determined precisely. scalet, related to the virtuality of internal particles in hard

PQCD factorization theorem for nonleptorBaneson de- amplitudes, depends onandb. All the convolution factors,
cays, such aB—K(m)7 and B—D®)x(p), is similar, except for the wave functiong(x,b), are calculable in per-
though more complicated. These decays involve three scalesrbation theory. The wave functions, though not calculable,
the W boson mas#/y,, at which the matching conditions of are universal. If choosing as theb quark massm,, the
the effective weak Hamiltonian to the full Hamiltonian are Wilson coefficientC(m,) is a constant, and Eg8) reduces
defined, the typical scale(of ordermy), and the factoriza- to the simple product of the Wilson coefficient and a had-
tion scale 1 (of order Aqcp) introduced above. The dy- ronic matrix element.
namics below I is regarded as being completely nonper-
turbative, and parametrized into meson wave functions
¢(x,b), x being the momentum fraction. Above the factor-
ization scale, decay dynamics involves two characteristic The effective Hamiltonian for the flavor-changitig—s
scalesM, andt, differing from the case of thB— 1 tran-  transition is given by 27]

: ®

lll. B—=Kwa AMPLITUDES
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Ca(1)O (1) +Co )OS (1)

Gr
Her=—= 2 Vq
2 gq=u,.c

10
+i§3 Ci(1)Oi(w)

with the Cabibbo-Kobayashi-Maskaw@KM) matrix ele-

mentqu=Va‘Squ and the operators
O(lq)z(;iq]')V—A(ajbi)v—Aa

O(Zq):(giQi)V—A(ajbj)v—Aa
03:(gibi)V—A§ (ajqj)V—Ay
04:(gibj)V—A; (9%)v-a.
05=(§ibi)v,/_\§ (aqu')VJrA,
Oez(gibj)v—AEq: (ajqi)VJrAr

3 _
07:5(5ibi)v—A% €q(djdj)v+As

3 — —
Oszi(sibj)v—A% €q(djdi)v+as

3 — —
Og=5(Sib)v-a2 €q(ad)v-a,

3 — _
Olozi(sibj)V—A% €q(djdi)v-a,

(10
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Vud Vus Vub
Vcd Vcs Vcb
Via Vis Vi
A2
-5 A AN3(p—in)
2
= - 1—)‘— AN2 . (12
2
AN3(1—p—in) —AN? 1

A recent analysis of quark-mixing matrix yiel¢i28]

A=0.2196-0.0023,

A=0.819+0.035,

R,=Vp?+ 7°=0.41£0.07. (13

For theB* —K°x* decays, the operatoB3{"} contribute
via an annihilation topology, anﬂ)(f% do not contribute at
leading order ofxs. The absorptive part of the charm quark
loop integral computed by BSS is thus of higher order.
03 456 Contribute via tree and annihilation topologies, and
the tree topology involves thB— 7 form factor.O3 5 gives
both factorizable and nonfactorizabléolor-suppressed
contributions, whileO4 ¢ gives only factorizable ones be-
cause of the color flow. The contributions frody g ¢ ;0are
the same a3, 5 except for an additional factor (3/&)
with the light quarkq=d in the tree topology and witlg
=u in the annihilation topology. For thBj—K* =" de-
cays, the operaton@&f‘% contribute via a tree topology, and
0{) do not contribute at leading order ef. The penguin
operators contribute in the same way as in Bie—K%r*
decays but with the light quaid=u in the tree topology and
with g=d in the annihilation topology. The lowest-order
hardb quark decay amplitudes are summarized in Fig. 2 for
BS—K¥#* decays and in Fig. 3 foB* —K%#* decays.

For theB* — K= =° decays, the operato3{"} contribute
via tree and annihilation topologies, where the tree topology
involves both theB— 7 and B— K form factors. The pen-
guin operators also contribute via tree and annihilation to-
pologies with the light quarkj=u in the annihilation topol-
ogy. The tree topology involves both tie— 7 form factor
with gq=u and theB—K form factor, to which only the

i,j being the color indices. Using the unitarity condition, the electroweak penguins witj=u and d contribute. For the

Cabibbo-Kobayashi-MaskawéCKM) matrix elements for
the penguin operator®;-O,q can also be expressed g

+V,.=—V,. We define the anglé; via

Vub=|Vub|eXF(_i¢3)- (11

B3— K7 decays, the operato@{") contribute via the tree
topology, which involves only th&—K form factor. The
penguin operators contribute via tree and annihilation topolo-
gies with the light quarlg=d in the annihilation topology.
The tree topology involves both thg— 7 form factor with
g=d and theB—K form factor, to which only the elec-
troweak penguins witlg=u andd contribute. Their lowest-

Here we adopt the Wolfenstein parametrization for theorder diagrams for the hard quark decay amplitudes are

CKM matrix up to O(\3):

basically similar to those in Figs. 2 and 3.
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d d d d
() (d)
FIG. 2._Feynman diagrams for
theB*— K7™ decays.
b s b s
U U
O3-10 Os-10
d d d
(¢) ()

(9)

The momenta of th®& andK mesons in light-cone coor- Sk(t)=5(X,P5 ,by) +5((1—x,)P5 ,by)
dinates are written asP;=(Mg/y2)(1,10;) and P, o
=(Mg/\/2)(1,00;), respectively. TheB meson is at rest t du _
with the above parametrization of momenta. We define the +2f1/b 77’((13( ),

2

momenta of light valence quark in tleemeson ak,, where
k, has a plus componekt , giving the momentum fraction
x,=k; /P, and small transverse componerks;. The S,.(1)=s(x3P3 ,b3) +s((1—X3) P53 ,ba)
light valence quark and the quark in the kaon carry the
longitudinal momentx,P, and (1-x,)P,, and small trans- t du _
verse moment&,r and —k,r, respectively. The pion mo- +2f — Y(as(n)). (14
mentum is therP;=P;—P,, whose nonvanishing compo- b3 p
nent is onlyP5 . The two light valence quarks in the pion
carry the longitudinal momenta;P; and (1-x3)P5;, and  The variabled,, b,, andb; conjugate to the parton trans-
small transverse momenka; and —ksr, respectively. The verse momenturkyt, ko1, andksr represent the transverse
kinematic variables associated with each meson are indicategktents of theB, K, and 7 meson, respectively.
in Fig. 4. The exponens is written as[25,26|

The Sudakov resummations of the large logarithmic cor-
rections to theB, K, and 7 meson wave functiongg, ¢k,

. Qd
and ¢, lead to the exponentlals exp&), exp—<), and S(Q’b):f halad |n<9)A(a5(M))+ B(ag(w))|, (15
exp(—=S,), respectively, with the exponenits1,29 1o K K
Sg(t)=s(x;P; ,b1)+2f d:“?,(as(;)), where the anomalous dimensioAsto two loops andB to
by one loop are
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s d s d
b v d b v d
g 03_10 03—10' g
U U U o
(a) (b)
s d s d
\ 5/ p ; \(Q( p
% O357,9 03519 g
U (7 U U
(9 (d)
FIG. 3. Feynman diagrams for th(Bg
—K* 7™ decays.
b s b
d d
01_10 01—10
U U U
(e) (£

RN 67 10er | e’e\ ]/ ag\?
I IR L e
2 «a e?ve~1
B=3— 5 ) (16)
¢K(x2) K
X2
S
b
B T
H
¢B(X1) O n(x3)
Xy X3

FIG. 4. Factorization of th&— K decays in the PQCD ap-
proach.

with C-=4/3 a color factorf=4 the active flavor number,

and yg the Euler constant. The one-loop expression of the

running coupling constant,

4ar

—_—, 1
Bo In(u?IA?) 7

ag(p)=

is substituted into Eq(15 with the coefficientB,=(33
—2f)/3.
The decay rates @~ —K°%r= have the expressions

(18

The decay amplitudest ¥ and A~ corresponding toB™"
—K% " andB~— K%, respectively, are written as

AT =f VEFP+VEM P+ EVEFR+VE M P — ViR,
—V*M,, (19)

054008-6



PENGUIN ENHANCEMENT ANDB— K DECAYS IN . .. PHYSICAL REVIEW D 63 054008

A= VFE+VMP+ 1V iFR+ VM P — oV F, V2A' "= VFE+ VM B+ fViFR+ VM b+ £ VFD,
—ViMa, (20 +ViM ePK_fKVuFe_VuMe_fBVuFa
with the B meson(kaon) decay constarftz ) . The notations -V M=V Fek—ViMek, (24)

F represent factorizable contributiofferm factorg, and M
represent nonfactorizablécolor-suppressedcontributions.
The subscripts and e denote the annihilation and tree to- which correspond t8* —K*7° andB~—K 7P, respec-
pologies, respectively. The superscriptdenotes contribu- tjyely. The factorizable contributioR2, (Fey) is associated
t!ons_ from the penguin operatork,, associated with the | .t 'theB— K form factor from the penguiftre operators,
grg?llke K—ar form factor, andM, are from the operators andMePK (M) is the corresponding nonfactorizable con-

1z - tribution.

0 i Ho. _

_The decay rates dB;—K= " have the similar expres Similarly, the decay rates &3— K°#° are obtained from

sions with amplitudes .
the amplitudes

A=FVFFE+VEMP+fVEFP+VE M P — £ VAR,

—ViMe, D 2A = VEFP A VEMP A+ fVEFR +VEME+ £ VEFD,
A=F VFP+VMP+ 1V FP VM P — £V Fe VMg F Vi Fe— Vi Mek, (25)
-V Me, (22
for B)—~K* 7~ and BS—K =", respectively. The nota- V2A' = fViFE+ VM E+ fgViF L+ VM I+ £ ViF gy
tions are similar to those in Eq&l9) and (20). F., associ- FVMP—f V For—V. M 26
ated with theB— 7 form factor, andM, are from the op- vrek Tmiubelt Tuitlele (26)
eratorsO{".

The decay amplitudes f@~— K== are given b —
v amp T g Y for B—K%7° andBj—K =P, respectively.

\/EA’*szV;* FE+VTM§+1‘BV?F§+V{‘MZ Basically, one needs to derive the factorization formulas
only for the tree and annihilation topologies. Wilson coeffi-

L VEFoHVE Mg FVEFe— Vi M, cients corresponding to different operators are then inserted
into the factorization formulas. The form factors are written

—fgViFa= ViMa—f,ViFexk—ViMex,
(23

as

P_rP P
Fe_ I:(94"—':e6-

1 )
Fo,=16mCeM3 fo dx; dxg fo by dby by dbgdhg(Xq,b1){[(1+X3) b (X3) + T (1= 2X3) L (X3) IEea(t) he(X, X3, by ,bs3)

+21 1 (X3) Eeq(tP)he(X3,%1,b3,01)}, (27)

1 )
FE=32mCeME [y ey [ by dby by dbsdio(xa,ba) il 50%6) 1.2 X2) 0% TEca(15 )Nl 5.1,
+[ X1 n(X3) + 20 (1 —X1) p(Xa) |Ees(t) he(X3, %1, b3,b1)}, (28)

P_rP P
Fa_Fa4+ Fa67

1 )
Fas=167CeMp JO dxpdxs JO b, db, b dbs{[ ~Xah(Xe) $x(Xe) = 2r ark(1+X3)

X ic(X2) ho(X3) IEaa(ti)Na( X2, X3, 05, b3) + [ Xo b (X2) r(X3) + 27 1T (14 X2) i (X2) Pr(X3) ]
X Eaa(t?)hy(Xg,X2,b3,b2)}, (29

054008-7
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1 )
Fas=327CeMp fo dx; dxg fo b, dby by dbs{[r Xadhk(X2) ¢ (Xa) + 2r bic(Xe) b 7(Xa) IEas (1) a(Xz Xs,b2,b2)
+[21 i (X2) p(Xa) T Xo i (X2) B n(Xa) IEag(tE)Na(Xg,X2,03,b2)}, (30)

with the evolution factors
Eei() = ag(t)aj(t)exd — Sg(t) — S,(1)], (31
Eai(t) = ag(t)a;(t)exg — Sk (t) = S,(1)]. (32

The expression df , (F,) for the O, , contributions is the same 513;4 (F§4) but with the Wilson coefficiend;(t.) (a1(ta))-
The factorization formula oF{, is written as

Fo= 16wcFM’g‘foldxldx2f;bldb1 b, dby dg(X1,b1){[(1+X5) d(X2) + T (1—2X5) i (X2)]
X[ Eo(t5) — E7(t5) The(X1,%2,b1,02) + 21 b (X2) [ Eg(tE) — Ex(t80) The(X2, X1 ,b2,b1)}, (33)
with the evolution factor
Ei(t) = a(t)aj(t)expf — Sa(t) — Sc(1)]. (34)

The factorization formula of .k is the same as E@33) but with the evolution factoEq,— E; replaced byE,, which contains
the Wilson coefficients,.
The hard function$’s in Eqs(27)—(30) and in Eq.(33), are given by

he(X1,X3,b1,03) =Ko(yX1xsMgby)[ 6(b;— b3)Ko(1xsMgby)lo( xsMghs) + 8(bg—by)Ko(yX3Mgbs) 1 o(vX3Mgbs)],

(35
i 2
ha(X2,X3,b,,b3)= g) Hél)(\/X2X3MBb2)[9(b2_b3)Hgl)(\/X—sMBbz)Jo(\/X—sMBbs)
+ (3= b)) HEV(VX3Mgb3) Jo(VXsMgby) 1. (36)

The derivation oh, from the Fourier transformation of the lowest-ordteris the same as that for tiile— D 7 decayq 30], but
with a vanishingD meson mass. The hard scateme chosen as the maxima of the virtualities of internal particles involved
in b quark decay amplitudes, includingbl/

t(=max \X3sMg,1/b;,1/hs),
t(eZ): ma)( \/X—lM B,l/b1;1/b3)!
t=max \X3Mpg,1/b,,1/b3),

th)Z ma)( \/X—ZM B,l/b2,1/b3), (37)

which decrease higher-order corrections. The hard stgleare the same as but with X3 andbs replaced byx, andb,,
respectively. The Sudakov factor in E44) suppresses long-distance contributions from the largegion, and improves the
applicability of PQCD toB meson decays.

For the nonfactorizable amplitudes, the factorization formulas involve the kinematic variables of all the three mesons, and
the Sudakov exponent is given 8= Sg+ S+ S,.. One of the integrations ovdy;, can be performed trivially, leading to
bs;=Db,, bs=b,, orb,=b;. Their expressions are

054008-8



PENGUIN ENHANCEMENT ANDB— K DECAYS IN . .. PHYSICAL REVIEW D 63 054008

P_ A 4P P
Me_Me4+Me6'

1 o
MEi=327Ce\ZNME [ 1) [ by dby by db, ey b))
XAL (X = X2—X3) P n(Xa) + T 1Xa b (Xa) IEL4 (SN (X1 X2, X3, b1 ,b,)
+[(1=X1 = Xp) p(Xa) =T X3 (Xa) IEL (1PN P (X1, X2, X3, b1, D2)}, (38)
1 3]
M &=32mCe2NMG fo [dx] fo by dby b, db, e(X1,by) i (X)L (X1~ X) hr(Xa) + 1 (X1 = Xo = Xa) #(X3)]

XEL(t{ (X1, X, Xa,b1,02) + (1= X1 —Xp) h(Xa) +T (1= X3 —Xo+ X3) dr(X3) ]

XEL(tPYhP(x1,%2,X3,b1,b2)}, (39

P_ a 4P P
Ma_Ma4+Ma6'

1 o
MEFI’4:327TCF\/2NCMEJO [dx] fo by dby by dby dp(X1,b1){[X3Pk(X2) @ (X3) =T T (X1 —Xo— X3) P (X2) P (X3)]
XE;14(t$l))h1(‘l)(xl!XZ1X3ablab2)_[(X1+X2)¢K(X2)¢Tr(x3)+rﬂ-rK(2+Xl+X2+X3)¢|,((X2)¢7,7(X3)]
X EL (12NN (x1,%5,%3,b1,b,)}, (40)
P 2 (! ”
MEo=32mCZNM3 [ T [ by by by 0, (0, D) [ 1 kb X2) 64066)~ 04— X0) k60 5]
X ELs(t) i (Xq X0, X3,01,02) = [T (2= X3) i (X2) b Lo(X3) = T (2= X1 = X2) i (X2) (X3) ]

X ELg(tP) 2 (x1,%5,%3,b1,b,)}, (41)

with the number of color®.=3, the definition dx]=dx; dx, dx3, and the evolution factors
ELi(D)=ag(t)a] (tyexd — S(t)]p,-p, ], (42
Egi(t)=as(t)ai’(t)exp:—S(t)lbszbz]. (43

The expression oM, (M,) is the same as15, (MF,) but with the Wilson coefficiena(ty) (a;(t()).

The nonfactorizable amplitud#1 £, is written as

1 )
M L= —327C\2N M3 fo [dx] fo by db; by dbg da(Xy,b1) b o(Xa)Xa (X2 [ Eg(t5) + E4(t5) 1h{ (X1, X3, X2, by ,b3)
(44)

with the evolution factor evolution factorEg+ E7 replaced byE;, which contains the

E/(t)=ag(t)a (t)exd — S(t)|p.—p. - (45 Wilson coefficienta; .
2 The functionsh®), j=1 and 2, appearing in Eq$38)—
The expression oMM is the same as E@44) but with the  (41) and in Eq.(44), are written as
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h{’=[6(by—b,)Ko(DMgbhy)l o(DMgh,)
+0(by—b1)Ko(DMgby)lo(DMghy)]
XKo(DjMgh,), forDf=0,

i
XE?HQN\MDﬂMBbﬁ, forD?<0,  (46)

o
h{)=—-[6(by— b)) HE(FMgby) Jo(FMgh,)

+6(by—by)HSV(FMgh,) Jo(FMghy) ]
X Ko(FjMgh,),

i
X?Hgl)( VIFZMgby), forF?<0,  (47)

with the variables

2_
D =X1X3,

Diz Ff=(x1—x2)x3,

D§= —(1=X1=X2)X3,

2_
F _X2X31

Fo=xX;+Xp+ (1—X;— Xp)X3.

For details of the derivation di(, refer to[30]. The hard
scalest(') are chosen as

t=maxDMg,\|D?Mg,1b;,1b,),
tP)=maxDMg,|D3[Mg,1by,1hb,),
t{=maxFMg,|F3Mg,1b;,1b,),

t{?)=max FMg,|F3Mg,1b;,1b,),

(48)

(49

The hard scale(}) is similar tot{") with x, and x; inter-

changed and witl, replaced bybs,. dv+ 1
In the above expressions the Wilson coefficients are de- ¢ _(x)= f ZLe*iX%WE(Oﬁ(y*)y* ysu(0)| ),
™

fined by

Cy
a1=C2+ N_c,

PHYSICAL REVIEW D 63 054008

C; 3 Cqy
a,=Cy+ N—C+ Eeq Ciot N_c ,

ay=
Nc

3
C3+ EeqC9

Cs 3 C
—SnL—eq(Cng—7 ,

a6=C6+ NC 2 NC

3Cy

B3N,

(50)
Both QCD and electroweak penguin contributions have been
included as shown in Eq50). It is then expected that elec-
troweak penguin contributions are small, as concluded in
[31].

The factorsr , andry,

2

r _mO7T _ M7T
— N 0 ]
T Mg T omyt+my

2

Mok M

(51

with my, mg, mg, M, andMy being the masses of the
quark, thed quark, thes quark, the pion and the kaon, re-
spectively, are associated with the normalizations of the
pseudoscalar wave functiong’. The pseudovector and
pseudoscalar pion wave functiogs, and ¢ .. are defined by

(52)
";—(;%;(x): f d;; e*i”’s’y*%<0|E<y+)y5u(0>|w>,
(53
satisfying the normalization
1 1 f
fo dx ¢ (X)= fo dx¢;(x)=2\/2_NC, (59

with the pion decay constarft.. The kaon wave functions

¢k and ¢y possess similar definitions and normalizations
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with the d quark field,my,,, andf . replaced by thes quark For theB meson wave function, we adopt the model
field, mpx andfy , respectively. 5 5

Note that we have included the intrindicddependence for ~ $8(X,0)=Ngx“(1—Xx)
the heavy meson wave functiofaig but not for the light ;{ 1(XMB)2 (0.4 GeVj2b?
meson wave functiong, and ¢ . It has been shown that Xexpg — = —
the intrinsicb dependence of the light meson wave functions, 2 2
resulting in only 4% reduction of the predictions for tBe
— form factor, is not importanf11]. It is reasonable to
assume that the intrinsib dependence of the kaon wave
function, which is still unknown, is not essential either. As
the transverse exteft approaches zero, tHeé meson wave
function ¢g(x,b) reduces to the standard parton model

, (58)

wp

with the shape parameterzy=0.3 GeV. The normalization
constantNg, which is related to the decay constdgt, will

be determined below. As to the pion wave functions, we
employ the models

dp(X), i.e, dg(X)=¢p(x,b=0), which satisfies the nor- (;Sw(x):ifwx(l—x)[1+cﬁ(5(1—2x)2—1)],
malization \/Z_Nc
(59
flqs (x)dx i (55) 3
B - . ’ _ ’ 2
0 22N, @ (x) \/z_chvx(l x)[1+c.(5(1-2x)%2—1)],
We do not distinguish the pseudovector and pseudoscalar (60)
components of th8 meson wave functions under the heavy . ,
quark approximation. with the shape parametgcsr andc_. .
The kaon wave functions are chosen as
IV. NUMERICAL ANALYSIS
In the factorization formulas derived in Sec. IV, the Wil- Pr(X)= */ZNC fx(1=0[1+0.51(1=2%)
son coefficients evolve with the hard scalénat depends on
the internal kinematic variables, andb;. Wilson coeffi- +0.3(5(1-2x)*~1)], (61)
cients at a scalee<My are related to the corresponding
ones atu =M,y through usual RG equations. In our analysis 3
we adopt the leading-order expressions for the Wilson coef-  #k(X)= N frx(1=x)[1+ck(5(1-2x)2 - 1)].
ficients with QCD and electroweak penguin contributions in- ¢ (62)
cluded,
R ¢ is derived from QCD sum rulel83], where the second
. 9() ,y(O)T(g’) - term 1—2x, renderinggy a bit asymmetric, corresponds to
C(u)=Tg| X fg(MW)d W -C(Mw), SU(3) symmetry breaking effect. The decay consthpiis

(56) set to 160 MeV(in the conventionf .=130 MeV). Since
predictions for theB— K 7r decays are insensitive to the kaon

where the leading-order anomalous dimension matré®s ~Wave functions, we simply adopt the result of QCD sum
are referred t627]. The matching conditions at=M,, [32] ~ "Ules. For the same reason, we assume ¢ffaand ¢ pos-
and the choices of the relevant parameters are given in Apsess the same functional form and that the shape parameter
pendix A. « of the term 5(12x)?—1 in ¢y is equal toc’.

Since the typical scalé of a hard amplitude is smaller We propose to determine, from the branchlng ratios of
than theb quark massm,, we further evolve the Wilson theB—Dm decays:
coefficients fromu=m, down to u=t using the RG equa-

i Br(B~—D%r"
tion, Ro— (_O ), 3
q () (1) Br(Bg—D*7")
> ag(u)~ a ~ >
pg =0T+ ej’ YO - C(p), b . N :
M T T ecause this quantity is insensitivertg,. and ¢._. In order

(570  to render PQCD predictions reach the central value of the
data ofRp=1.61[34], a largec ,= 0.8, which enhances non-

where the anomalous d|men3|om§)) for f=4 are referred factorizable contributions to thB~— D%~ decay, is pre-
to[27]. The solution to Eq(57) and the values of the Wilson ferred. On the other hand, the data of Bie> pr decays also
coefficientsC;(m,) are also listed in the Appendix A. For imply a largec,.. To further enhance nonfactorizable contri-
the scalet below thec quark masan.=1.5 GeV, we still  butions relative to factorizable ones, tBeneson wave func-
employ the evolution function witli=4, instead of withf tion with ¢g—x? asx— 0 has been assumed as shown in Eq.
=3, for simplicity, since the matching at, is less essential. (58). This behavior, different from that of the modeiz
Therefore, we sef=4 in the RG evolution betweenand — x asx—0 proposed irfj35], decreases factorizable con-
1/b governed by the quark anomalous dimensjon tributions. Note that nonfactorizable contributions are insen-
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sitive to the variation of théB meson wave function. The Br(B}— 7*77)=(4.3"1+0.5)x 106, with a lower cen-
details for the above numerical study will be published elsetrg| value, overlap with the Belle data. We emplG
where. _ _ _ _ =1.1663% 10 ° GeV 2, the Wolfenstein parameters

The extracted pion wave functioth, with ¢,=0.8 is =0 2196, A=0.819, and R,=0.38, the massesMg
close to the Chernyak-Zhitnitsky model withy=1.0[36]. It ~528 GeV, and theBS (B~) meson lifetime 7go

differs from the asymptotic model with,=0, which has _ _ .
been extracted fromy thpe data of the pion transition form facy_ 1.55 ps fg-=1.65 ps)[28]. For the fac_torlzatlon formu-
tor involved in the processry*— y [37). We shall argue las of theB— 77 decays, refer t¢45]. Using the anglep;

. Yy v Lefk 9U€ _90°, we obtainfgz=190 MeV, which corresponds to
that the infrared structures of the above processes are dlffegr(BoH *1%)=6.3x 10 ® and theB— = transition form
ent[38]. Hence, there is no contradiction betwegp deter- T : ™
mined from theB— D 7 decays and from the pion transition factor
form factor.

We then extract, from the data of the pion form factor,
whose factorization formula is written §39]

FB™(g?=0)=0.3. (69)

Hereq stands for the momentum carried away by the exter-
nal W-emission. The value of is close to that adopted in

1 )
FW(Q2)=167TC,:QZJ dxldxzf b, db; b, db, ag(t) the PQCD studies of th®—D= and B—K*y decays
0 0 [14,15, and consistent with those from lattice calculations
X ext — S, () [ Xab(X1) b(Xo) [46]_ an_d from QCD sum rule§47] in the_ literature. The
motivation to choosep;=90° will be explained later.
+Zri(l—x2)¢’(x1)¢;(x2)]h(x1,xz,bl,bz), We emphasize that the decay constincan not be de-
64) termined unambiguously in the current analysis. The above
value f3=190 MeV corresponds to the shape parameter
with wp=0.3 GeV. Changingvg, differentfg will be obtained
when fitting PQCD predictions to the data in E8). How-
S(t)=s(x;P}; b)) +s(1—x,)P;,by) ever, if more data, such as tf@P asymmetry in theB]
- - — a7 decays, are available, bothg and fg can be
+8(X2P 2,02) +5((1-X2)P 15, b2) uniquely determined. The reason is that tree and penguin
Cda ¢ da contributions depend omg and fg simultaneously, while
+2J :My(as(;)HZJ’ :/‘y(as(;)), annihilation contributions, the most important source of
by 1y strong phases as shown below, depend onlygpnBecause

the branching ratio, mainly determined by tree and penguin

(65 contributions, and theCP asymmetry, related to strong
h(Xy.X,.by1,0,) phases of annihilation contributions, vary with tBemeson
A2y P12 wave function in a different way, their data can & andf
_ — uniquely.
= Ko(¥X1%2Qby) Note that the above parameters are obtained by fitting
X[ 8(b;— b,) Ko VX2Qb1) 1o(VX2Qbs) predictions to the central values of the available data. If tak-

ing into account the uncertainty of the data, the allowed
+6(by,—b)Ko(VXQby)lo(VX,Qby)],  (66)  range of the parameters is in fact huge. For example, any
value of the shape parametey in the pion wave function
t=max \x;X,Q,1/b4,1/h,). (67) ¢, between 0.4 and 1.0 is acceptable for the dat&Rgf
The shape parametef in the pseudoscalar kaon wave func-
The momentum transfer is defined Rf=2P,-P.,, P.1  tion ¢, can differ fromc’ in ¢ . In this work we do not
and P, being the momenta of the initial and final pions, intend to determine the range of parameters, but adopt rep-
respectively. Useful references for the derivation of theresentative parameters to make predictions forBheK
above expression arf9,40,41. The data areQ°F.(Q%)  decays, and examine whether the predictions are consistent
~0.4+0.2 GeV for Q°>4 Ge\ [42,43. Adoptingmo,  with the data. For a summary of the parameters we have
=1.4 GeV, we find that the choice,,=0 gives the pion adopted in the numerical analysis, refer to Appendix B.
form factor Q°F_(Q?%)~0.4 GeV? for Q’=6.3 Gel’. With all the meson wave functions fixed, we predict the
Hence, we choose,=c/ =0 as stated before. branching ratios and th€ P asymmetries of th8— K
With the pion wave functions fixed in the above proce-decays. We choosegc=1.7 GeV, and derive the branch-
dures, we determine ti2@meson decay constafy [or Ng in ing ratios of the fouB— K= modes in Eq(1) for different
Eq. (58)] from the Belle data of th&3— 7= 7~ decay[44], ¢3, which are shown in Fig. 5. The branching ratios of the
K*7° and K™ 7= modes increase witkp;, while those of
Br(Bl— 77" )=(6.3"32+1.6)x1075, (68 theK’7™ andK®#° modes are insensitive to the variation of
_ ¢3. The increase withp, is mainly a consequence of the
where Br@j—m m") represents theCP average of interference between the penguin contributif and the
Br(BS—#"#") and Br(§g—>7r’1-r+). The CLEO data tree contributionF,. Predictions for the ratidR in Eqg. (2)
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FIG. 6. Dependence of the rat®on ¢;. The dasheddotted

%07 lines correspond to the boundsentral valug of the data.

Br(Bt —K" 7% =14.44<10 "8,

20.0

Br(B-—K~ 7% =10.65<10 ¢,

Brx 10% 15.0

_ Br(BJ—K%7%)=11.23<10"°,
100 Ko
7 Br(BS—K%7%) =11.84x10"°, (70)
5.0 4

are consistent with the CLEO data9],

T A A T w 180 Br(B*—K°r*)=(18.2"48+1.6)x 1079,

(b) $3(Degree)

0 W+ T\ 25 —6
FIG. 5. Dependence of the branching ratios of Bre K de- Br(Bg—K*7")=(17.25,+1.2x10"°,

cays ongs with the upper(lower) dashed line corresponding to the . L 0 30014 6
B (B) meson decays. Br(B* —K*m%)=(11.6";719*10°°,

0 0,_0\__ 5.9+2.4 — 6
and theCP asymmetriesAcp in Egs. (3)—(6) for different Br(Bg—K%7%)=(14.6"37"53 x10°°. (71)

¢ are displayed in Fig. 6 and Fig. 7, respectively. The pre- The PQCD results of each form factor and nonfactoriz-

diction of R increases from 0.7 to 1.2 wheb, moves from able amplitude involved in thB°—K* 7 decay are listed

g ;? alc? g e s gg{o;\tljga;e(lz)gnt;?;%rtg;gunégﬁiigtr)i/ngf \t,\t}fhctlﬁlréentm Table 1. It indicates that nonfactorizable contributions are

central value of the CLEO data & in Eq. (7), we extract only few percents of factorizable ones, consistent with the

5=90°. The data ofcp have also large uncertainties, and conclusion in[48]. This is the reason FA works well for

) . . most two-bodyB meson decay modes. However, there are
do not constrainth, either. Our analysis shows that the mag- . . Do
. c 0 - . . 2 exceptions. For modes whose factorizable contributions are
nitude of A¢p andAcp is negligible, smaller than 3%, while

h itude Rl dALC h 20% proportional to the small Wilson coefficiemt,, such asB
the magnitude oRAcp andAcp can reach 20%. —J/yK®*) | nonfactorizable contributions become impor-
Our predictions for the branching ratio of each mode COMant. Similarly, the ternF.«, proportional toa,, is small.

responding tops=90°, Hence, the branching ratios of ther® modes are about half
of those of theK = modes. Table | also indicates that the
factorizable annihilation diagrams contribute dominant
strong phases. The reason has been discusdé@]inif ex-

Br(B~—K%7r~)=21.25¢10"°, pressing the amplitude of tH&)—K ™ 7~ decay as

Br(B*—K%7")=21.72<10" 6,

Br(By—K* 7 )=24.19<10"°, A=V{Pe®-V{T, (72)

— e with the penguin contributiof = |f FE + f5FF| and the tree
Br(Bg— K™ 7")=16.84<10"", contributionT=|f«F|, the strong phasé; is as large as
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Sp=152°. (73
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TABLE |. Contribution to theB°—K* 7~ decay from each
form factor and nonfactorizable amplitude.

Fe 7.16x10°1
Fo —6.18x1072
FP 3.01x 10 3+i2.58x 1072
M, —1.89x10 3+i4.13x10°3
MP 5.84x 10 °—i1.54x10 4
MP —8.63x107°—i2.23x10°*

varied the shape parameteg for the B meson wave func-
tion from 0.3 to 0.5, the shape parametgr for the kaon
wave function from 0 to 0.8, the massegy(,) from 1.3
GeV to 2.7 GeV, the forms of the meson wave functions,
such as

5% (x,b)= NtBes&(l—x)exp[ - %(%)

wp

2 wébZ
_ > |
(74)

¢|tfstx) = ?fKX(l_X)[l'FO.Q(S(l_ZX)Z_ 1],
(79

for the B meson and the kaon, and the asymptotic model

Pa3(x)= fX(1—Xx), (76)

3
V2N,
for the pion, and the Wolfenstein parameterérom 0.21 to
0.22. It is found that our predictions fd® change by less
than 5%, and are very stable. That B,is an appropriate
quantity for the determination abs.

There are other theoretical uncertainties from higher-order
O(ag) and higher-twistO(1/Mg) corrections. As a simple
estimation, we examine the fractional contribution to the
form factorFB™ as a function ofvg(t)/ 7. It is observed that
90% and 97% of the contributions arise from the region with
ag(t)/7m<0.2 and with ag(t)/7<0.3, respectively. There-
fore, our PQCD results are well within the perturbative re-
gion. It is reasonable to assume tﬁ}z(tag) corrections to the
decay amplitudes are about 15%. In the derivation of the
hard functions, we have neglected the mass differehce
=Mg—m, to obtain the leading-twist factorization formulas.
Next-to-leading-twist corrections, proportionalAdMg, are
then about 10%.

At last, we investigate the effects &U(3) symmetry
breaking in theB— K= decays, taking th&* —K== and
BS—K*#* modes as an example. We assure=f,,
=130 MeV, which causes 20% reduction in tBe-Kx

This result is consistent with the conclusion drawn from adecay amplitudes, anaho=mo,=1.4 GeV, which causes
global fit to data of two-body charmle€®® meson decays 12% reduction. We also assume that the kaon wave functions

[50], where the strong phase was introduced as a free paranfx and ¢ have the same forms as the pion wave functions

eter.

¢.. and ¢_, respectively. However, this effect is mild. The

To test the sensitivity of our predictions to different SU(3) breaking effects are then found to be 32% in the
choices of model wave functions and parameters, we havamplitude level, and the branching ratios become

054008-14



PENGUIN ENHANCEMENT ANDB— K DECAYS IN . ..
Br(B"—K%r")=11.50<10 6,
Br(B~—K%r)=11.21x 10,
Br(B—K "7 )=13.87x10" ¢,
Br(BY—K ™ 7*)=8.77x10"°. (77

It is observed that the magnitude 6fP asymmetry in the
BI—K*#* modes increases by 26% from17.9% to

PHYSICAL REVIEW D 63 054008

extreme cases 90° and 130°, is then understood. The result
of ¢5 will become even larger, if reasonabig~1.4 GeV
are employed. The huge difference between 90° and 130°
extracted from different data renders the determinatios-of
in the FA approach less convincing. In the modified FA ap-
proach with effective number of coIoN;Sﬁ, a large unitarity
angle ¢;~105° is also concludefbl].

An interesting question is as follows. If we give higher
weight to the extraction of5 from R, which is more model-
independent than that frorR,, can we explain the data

—22.5%, which is due to the smaller branching ratios, i.e.R,~3—4 using a smalle®;? The answer is positive in the

the smaller denominator in EQ3).

V. PENGUIN ENHANCEMENT

In this section we shall highlight the enhancement of pen-
guin contributions observed in the PQCD approach, and its

role in the explanation of thB— 77 andB— K data. For

PQCD approach. Table | shows that the ratio of the penguin
contribution to the tree contribution reaches

~0.1, (82

p

e
avl=—
|K| ‘Fe

simplicity, we demonstrate our observation by means of theven with a reasonable value wly=1.4 GeV. The reason

FA approach. Consider the ratiBsn Eq. (2) andR,, defined
by

Br(Bl—K*x™)
W=%, (78)
Br(Bg—m~7™)
which can be written as
2 2
ay +2axg\“Ry cos
R— 2K K _ b ¢3, (79
ag
az +2ag\’R;, COS¢y
" N2R[Ry+2a,(R,—COSd3)]
(80)
The factors
as+2rya ast+2r_ a
aK:w, aﬂ_:u1 (81)
ai ai

is that we do not assume the same form factors for the op-
eratorsO, , 3 ,and for Os. These form factors, evaluated
explicitly in the PQCD formalism, possess different factor-
ization formulas as shown in EgR7) and(28). It is easy to
observe that the integrands in the two factorization formulas
become identical, if the terms associated with the pseudo-
scalar wave functio)_. and the factorss are dropped. The
x3—0 limit corresponds to the kinematic configuration, in
which the light quark emitted from thie quark decay vertex
carries the full meson momentum. This is the configuration,
on which the equality of the two form factors in the FA
approach is constructed. Therefore, the larger ratio of the
penguin contribution to the tree contribution is achieved dy-
namically, instead of by increasing,. With this penguin
enhancement, the observed branching ratios oBtheK 7
andB— 77 decays andR,~3—4 can be explained simulta-
neously in the PQCD approach usingy=1.4 GeV and a
smaller ¢3=90°. That is, the data oR, do not demand
largemg and ¢»5. Such a dynamical enhancement of penguin
contributions can not be obtained in the FA approach.

One of the sources responsible for the penguin enhance-

being negative values, represent the ratios of the penguiment is the RG evolution effect caused by the running hard

contribution to the tree contribution in th€w and 7
modes, respectively. It is obvious that the dR& 1 imply

scalet. In Fig. 8 we display the RG evolution of the Wilson
coefficientsa;(u), i1=1,4,6. It is found thata; is almost

#3~90°, no matter whaaic , \, andR;, are. Itis the reason constant foru=500 MeV toMg. In contrast]a,| and|ag|
when we vary all the parameters in the analysis in Sec. IVdramatically increase gs evolves to belowM g/2. If choos-

the extraction of¢; remains invariant.
While to determinep; from the data of the rati® ., one
must have precise information @ and a,, and of the

ing t=Mpg/2 with my=1.4 GeV, the ratiola,|~0.086,
close to that in the FA approach with the same valuengf
is too small to explairR,,~3—-4. As stated before, PQCD

parametera. andR,. It can be shown that the extraction of provides a prescription for choices of the hard scdles

¢3 from R depends on these parameters sensitively. Hencghould be chosen as the virtualities of internal particles in
R, is not an appropriate quantity for the determination ofEq. (37) in order to decrease higher-order corrections. It re-
¢3. To explain the data dR,~3-4 in the FA approach, an flects the fact that energy releases and evolution effects in-
unreasonably largemy~4 GeV corresponding tomg=2m,  volved in different B meson decay modes are different.
=3 MeV, i.e, Iarge|aK(,T)|~0.09 and a largep;~130° These hard scales can then reach lower values, at which
must be postulate®1]. This is obvious from Eq(80), since  |ag(t)| is enhanced ovefag(Mg/2)|. This evolution effect

a large|ak (| enhanceRR,, and a largeps leads to con- increasesag )| by about 50% as indicated by E@2).
structive interference between the two terms in the numerator The enhancement due to the increaseCgft) with de-

of R,. The determination$s~114° from global fits to creasingt makes us worry that the contribution from the
charmlessB meson decay$21], located between the two small t region may be important. This will invalidate the
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8.0 w VI. FINAL STATE INTERACTION

| Two-body final state interactiofFSl) effects have been

i . Zi | studied in various wayg52]. It was found that these effects
601 \ —— ag enhance th&€ P asymmetry in thé8* —K°%7* modes from

" order 0.5% under the Ff63] up to order(10-20%. How-

' ever, Kamal has pointed out that the lai@® asymmetry is
40 \ ] due to an overestimation of FSI effects by a factor of 24).

Yy For a critical assessment on the analyses of FSI effects in the
e literature, refer td54.
o0 | O 1 We briefly sketch the methods used in most of the esti-
TSN mates of FSI effects. For simplicity, we consider only the
— . B*—K%#" decay. The unitarity relation for the amplitude
0.0 ‘ ‘ ‘ ‘ ABT—K%7") is written as
00 2.0 4.0 6.0 8.0 10.0

W(GeV)

FIG. 8. RG evolution of the Wilson coefficiengs(u), i=1, 4,
6, normalized by their values at=m, .

a(W

1
JABT =Ko t)= > > 278(Mg—Ey)
N

X ANN—K°7 ™) A* (BT —N).

perturbative expansion of the hard amplitudes. As a check, (84)
we examine the fractional contribution as a function . . ,
of ag(t)/7. The results are displayed inﬁlg;?g. 9, which indi- If only the elastic channé(*wi contorlbfte_s, Watson's theo-
cate that about 80%90%) of the contributions come from '™ tell;s that the phase of(B " —K" ) is given by theS

the region withag(t)/7<0.2 (0.3). Therefore, exchanged wave | =3/2 phase shift. This argument works for the
gluons are still hard enough to guarantee the applicability of 77 decays but not forB meson decays. FoMg
PQCD. ~5 GeV,_ many channels contribute and+Watsg)n+s theorem

Another source of penguin enhancement is the behavio ays nothmg about the strong phas‘g‘tﬁ'B —Km ). In
of the B meson wave function at—0. As shown in Egs. act, even if t'he.phases. Oﬁ(N_’K.Tr ) fqr all N are
(27) and (28), the factorization formulas consist of two knovxn, thoe Limtan_ty relation does still not fix the phase of
terms. It can be easily verified that when the two terms aréo‘(B _)K ™) gnlqggly.
roughly equal, the ratio of the penguin contribution to the Ino SE'te of this d|ff|culty, some authors com.put.eltiN
tree contribution reaches its maximum. A simple investiga-,_’K m ) for few N. Certamly, more than the unitarity rfla-
tion reveals the approximate expressions of the hard funct-'ono's+ needed to obtain theo s+trong phase Af'(B
tions at small momentum fractions, — K% ™). The phases afl(N—K"# ") are often estimated

by a Regge analysis. However, this method is reliable only
near the forward direction. In our problem we negdave
he(Xq,X3,b1,b3) ~IN(X1X3)IN X3, amplitudes, i.e., scattering amplitudes for all angles. A big
assumption of a straight line trajectory has been adopted.
This is highly questionable, especially for Pomerons. For
he(X3,X1,03,01) ~IN(X1X3)INX; . (83 these reasons, we believe that the above analyses are quali-
tative at most.

It is our viewpoint that if a strong phase cannot be deter-
mined in QCD, there is no other way to compute it. A simple
physical picture of FSI, the color-transparency argument
Y55], has been put forward by Bjorkd56].

A B meson wave function with other behaviors, sag
~x or yx [35] asx—0, leads to the dominance of the sec-
ond term, and the penguin contribution becomes relativel
sma_lller. WhileztheB meson wave function ir_1 Ea;58), which Since products of 8 meson decay into two light mesons
vanishes likexc asx—0, renders the contributions fron"_n the are quite energetic, the quark-antiquark pair inside a meson
above two terms approximately the same. The penguin oy maing a state of small size with a correspondingly small
tribution corresponding to Eq58) is about 10% larger than - .nromomagnetic moment until it is far from the other meson.

that corresponding to the model i85]. It is then more realistic that the two quark pairs group indi-
vidually into final-state mesons without further exchanging
soft gluons.

This picture is consistent with our observation: Sudakov
suppression is strong for large meson momenta as shown in
Eqg. (14), which then demands final-state mesons of small
transverse exter, i.e., of small chromomagnetic moment.

d(w) The effects from soft gluon exchanges among mesons in
two-body heavy meson decays have been analyzed quantita-
FIG. 9. Fraction contribution t&5; as a function ofxg(t)/ . tively by means of RG methods, which sum up large loga-
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rithms prOduced by infinite glUOn emissions. It was fOUndThe intermediate statg(j) can be regarded as being h|gh|y
that these effects generate only small FSI phaseB foeson  jnelastic, if expanded in terms of hadron states. According to
decays, in agreement with the color-transparency argumentq. (84), large strong phases are expected.
but large FSI phases fdd meson decay$57]. That soft
gluon effects are Ia_rge_iD meson decays is expecteq, since VII. COMPARISON WITH OTHER ANALYSES
Sudakov suppression is weaker, two quarks in a final-state _ _ _
meson is separated by a larger distance, and soft gluons can In this section we briefly compare our PQCD approach
resolve the color structure of that meson. Based on the abowith the other approaches to exclusive nonleptdhimeson
reasonings, we have neglected FSI effects in the PQCD aglecays. For more details, refer [@23]. Benekeet al. pro-
proach to two-bodyB meson decays. posed to evaluate nonfactorizable contributions to charmless
To justify the neglect of FSI, we apply our formalism to B meson decays in the PQCD framew¢@2]. They argued
the B— 7o andB— K= decays without taking into account that factorizable contributionétransition form factors are
these long-distance effects. FSI in these decays should Bt calculable in perturbation theory, but nonfactorizable
different. Since tree contributions dominate in tBes contributions are. The reasoning is as follows. The intenal
decays, extra phases from FSI do not change branching rguark in the hard amplitude may go onto mass shell, produc-
tios very much. This argument applies to the decBys INg a divergent factox <, x being the momentum fraction
—K%* and BY—K°7% where penguin contributions associated with the pion. The soft divergence from0 can
dominate. While the interference between tree and penguif©t e removed by a pion wave function, if it vanishes hke
contributions plays an essential role in tB&HKi’ITI and @sx—0. Since this divergence is not of the pinched type
B* K* 70 decays. Large FSI effects will change the rela-Which is absorbed into a wave function, its appearance im-

tive phases between tree and penguin amplitudes, and thgies the breakdpwn of PQCD factoriza_tior) theorem. While
branching ratios. If the same formalism without including SUC @& power divergence does not exist in nonfactorizable
FSI can be applied to both decays successfully, we believ

gmplitudes[22].
_2 . .
that these long-distance effects are negligible. The agreement € argue that the "~ factor in fact can be easily smeared
of our results with the data shown in E/0) implies this

out by parton transverse momeiktaconsidered in this work
conclusion.

or killed by a wave function vanishing faster thanas x
It has been argued that tBe— KK decays are sensitive to —0. That s, the conclusion that form factors must be treated

FSI effects[58,59. Without FSI, theBg_)KiK: decays as nonperturbative inpuf2] depends on models of the pion

possess very small branching ratios, since they involve Onh\;vave function one adopts. By includirig to regulate the

nonfactorizable annihilation amplitudes, and 3&—>K°K° divergence, large Io_gari_thmic correction_gln kr appear, and
decays do not exhibiCP asymmetry éince they involve Sudakov resummation is demanded. With the resultant Suda-

. . 0
only penguin contributions. We have applied the PQCD for_kov suppression, we have explicitly shown that almost 100%

malism to theB— KK decays and predicted the branching g:égi ffl: 2n(‘|:0?kfgb::l(;loirc])ntov\:ir':r?8 gewctginﬁﬁloncfoc;]rg fa;:tor
ratios and theCP asymmetries of various mod¢60]. The 9 ping an/m

comparison of the predictions with future experimental data<0'3' It indicates that dynamics from hard gluon exchanges

will reveal whether FSI effects are important. For more de_mdeed do_mln_ate in the PQ.CD calculation. (2] _Sudakov
tails, refer to[60]. resummation is irrelevant, since all QCD dynamics has been

As stated in Sec. IV, large strong phases come from thgar_ﬁ';gfg';?g Igttr?errmi)gefrtoafnio:jri?f;?gx:r; between our ap-
factorizable annihilation diagranfphases from nonfactoriz- P : P
able diagrams are smgih the PQCD approach. There has proach and22]. The momentum of the light spectator quark

been a widely spread folklore that the annihilation diagramsIn the B meson has been ignored in the formalism{ 2],

. . o .y : such that quark propagators in hard nonfactorizable decay
give negligible cgltnbutmn due to helicity suppression, theamplitudes always remain time-like. The annihilation dia-

same as inm—ev decay. That is, a left-handed masslessyrams were not included either. With these approximations,
electron and a right-handed antineutrino can not fly awayeading-order information of strong phases was lost. Strong
back to bacl§ because of angular momentum conservatlorﬂ,hases then arise from diagrams of the BSS mechanism,
However, this argument does not apply K. A left-  \hich as shown below, are small compared to those from
handed quark and a left-handed antiquark, for which heliciannihilation diagrams. On the other hand, Sudakov resum-
ties are dictated by th@®g operator, can indeed fly away mation of large logarithmic corrections was not taken into
back to bac61]. These behaviors have been reflected byaccount. It is then expected that higher-order corrections will
Egs.(29) and(30): Eq. (29) vanishes exactly, if the kaon and pe |arge and spoil the perturbative expansion. It has been
pion wave functions are identical, while the two terms in Eq.shown [62] that the PQCD formalism without including
(30) are constructive. The reason the annihilation diagramsydakov suppression is not applicable to exclusive processes
from the Og operator possess large absorptive parts can bgy energy scale below 10 GeV.
understood in the fOIIOWing way. The cuts on the internal We show that Strong phases from the BSS mechanism are
quark lines in Figs. @) and 3f) correspond to a process  suppressed by the charm mass threshold ar@(ay), since
there must be a hard gluon emitted by the spectator as shown
o in Fig. 10, which turns the soft spectator in tBeneson into
BT —su—Kr™. (85) a fast spectator in the final-state meson. That is, the contri-
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1 I T T T

He pointed out that the invariant masses of sueand du
pairs in Figs. &) and 3d), respectively, are of order
0.8 - T (AgcoMp)Y?~1.2 GeV. It implies that th®— K decays
are located in the resonance region and their strong phases
are very complicated. We have computed the average hard
scales of theB— K7 decays, which are about 1.4 GeV, in
agreement with the above estimate. However, the outgoing
quark pairs possess an invariant mass larger than 1.4 GeV,
such that the processes are in fact not so close to the reso-
0 L | nance region. We could interpret that the decays occur via a
0 0.2 0.4 0.6 0.8 1 six-fermion  operator within space smaller than
an(t)/m (1/1.4) GeV'l. While they are not completely short-
distance, the fact that over 90% of contributions come from
FIG. 10. Feynman diagram for an inducequ)-quark loop. the x-b phase space with(t)/7<0.3 allows us to estimate
the decay amplitudes reliably. We believe that the strong
butions from the penguin diagram have been overestimate¢hases can be computed up to about 20% uncertainties,
The charm quark loop contributes an imaginary part, which result in 30% errors in the predictions 6P asym-
metries.

0.6 [ 1

Fraction

04 -

02 1

1—-u)6(qPu(1—u)—m?
Cz(t)as(t)J duu(l-we@ul-u)-m), (86 VIIl. CONCLUSION
whereg? is the invariant mass of the gluon emitted from the  In this paper we have analyzed tBe- K decays using
penguin contribution. The contribution from thequark loop ~ PQCD factorization theorem. In this approach hadronic ma-
is suppressed by the small CKM faciat,|. Sinceg? is not  trix elements, including factorizable and nonfactorizable, and
clearly defined in the FA approach, it is usually chosen ageal and imaginary contributions can be evaluated explicitly.
g?=m? or g?=m/2, and Eq.(86) gives a substantial The strong phases arise from nonpinched singularities of
amount of imaginary contribution to decay amplitud6s]. quark and gluon propagators in annihilation and nonfactoriz-
However, the invariant maspz can be defined unambigu- able hard amplitudes. It has been explicitly shown that strong

ously in the PQCD formalism by phases from the BSS mechanism are small. The analysis of
soft gluon effects and the simultaneous success of the PQCD
0%=(XoP2+ X3P3)2=XX3M3, (87)  applications to thé8— K= andB— w decays implied that

long-distance FSI effects are negligible. The universal meson
since the quark going into the kadpion) carries the frac- wave functions have been determined from the available data
tional momentumx,P, (x3P3). Then,q?>=m?2 or m/2 cor-  of the pion form factor and of th®—Dm and B— =
responds to a configuration, in which the two quarks pro-decays. The dependencies of the raRof the neutralB
duced from the gluon carry the full momenta of the two decay branching ratio to the chargBdlecay branching ratio
final-state mesons. Obviously, this configuration is unlikelyand of theCP asymmetries onp; have been derived. Our
because of the strong suppression from the kaon and pigpredictions for all theB— K modes are consistent with the
wave functions in the large region. Substituting Eq87)  experimental data.
into Eq. (86), an exact numerical analysis indicates that the In spite of potential theoretical uncertainties, we have ex-
BSS mechanism contributes an imaginary part smaller thatracted the following features for th@— K, 77 decays,
that from the nonfactorizable and annihilation amplitudes bywhich are less ambiguougl) Nonfactorizable amplitudes
a factor of 10. Table Il shows how the imaginary part of theare negligible;(2) annihilation diagrams are not negligible;
charm quark loop contribution vanishes with the decrease of3) annihilation diagrams generate large strong phagbs;
a2 more precise data are needed in order to obtain a strong
On the issue of FSI, Suzuki has argued that strong phase®nstraint ongs; (5) R is an ideal quantity for the determi-
of theB— K7 amplitudes can not be evaluated in Q@3].  nation of ¢3, since it is insensitive to all the Wolfenstein and
nonperturbative QCD parametef$) ¢4 is about 90° from
TABLE Il. Real and imaginary parts of the charm quark loop fitting our predictions to the central value of the dataRpyf
contributionG(g?) = —4fdu u(1—u)In[mé—¢?u(1-u)] in the BSS  (7) penguin amplitudes are dynamically enhanced, and larger

mechanism. than those employed in the FA approach by 50®; the
2 data of B—m decays, i.e., the ratiR, of the B—Km
q ReG] Im[G] branching ratio to thé8— m# branching ratio can be ex-
m2 —0.760 2025 plained by the smaller anglﬁS: 90°. That is, the data d® .
m2/2 0.139 1.775 do not demand a largeé;>90°.
2
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APPENDIX A

In this appendix we supply the details of the Wilson evo-
lution. The matching conditions at= M,y are given by[32]

C1(Mw)=0, R R
C(u)=U(t,my)C(my). (AB)
Cr(Myy) =1, . N . L
2(Mw) The evolution function including electroweak penguin dia-
ag(My) grams is
Ca(My)=— Eo(xp)
24 Qem Int
U(t,my, aem) =Ug(t,mp) + —— dinpUg(t,n’)
e [2By(x)+ Co(x)] e
B S @y oo T Colx) ), :
™SI Bw XLV U’ mp)
as(Mw) Y
Cs(My) = Sg—Eo(xt) =U¢(t,Mp)+ 4—:”Rf(t,mb), (A7)
as(My) with
Cs(Mw) = — —5——Eq(X)),
247 Int (,u, ) .
Ur(t,my)=ex f dinp'——[¥""s|. (A8)
s( W) Inmy,
Co(Mw) = —g—Eo(X0),
For u=m,=4.8 GeV, the values of;(m,) are
o Ci(m,)=—0.271, C,(my)=1.124,
Cr(Mw) = 5 T4Co(X) + Do(%,)], e o
C3(my)=1.255<102, C4(m,)=—2.686x10 2,
Cg(My)=0,
s(Mw) Cs(M,)=7.805<1073, Cg(m,)=—3.287x10 2,
cg(MW)_ 4C0(Xt)+D0(Xt) C,(my)=3.453x10 4, Cg(m,)=3.177X10 %,
1 Co(m,)=—9.765<10 3, C,o(m,)=2.240<10 3. no)
+WI[1050(X0—400(X0] :
Values of the Wilson coefficients at different energy scales
Cio(My) =0, (A1) u=1.0 GeV, 1.5GeV, 2.0GeV, 2.5 GeV, 3.0 GeV, and 4.8
GeV are listed in Table IlI.
with x,=m2/M3,, m, being the top quark mass. The func-

tions By, Cy, Dg, and Ey are the Inami-Lim functions
[64]:

X xInx
Bl =2l i -2 (h2)
X— 6 3x+2
Co(X)—8 (x 1)2Inx (A3)

Do(x)=

PHYSICAL REVIEW D 63 054008

| 19x3—25¢?
X 3ex—1)°

. x2(5x? —2x—6)I A4
W nx, (A4)
E e - 2 x?(15— 16x+4x2)I
O(x)——§nx— B(x—1)" nx
. x(18— 11x—x?) A
12(1-x)°3 (A5)
We adopt the following parametersn,=170 GeV, M,

=80.2 GeV, ay(My)=0.118, agn=1/129, sif®,,=0.23
andA(L=250 MeV.

The solution to Eq(57) is written as

Below we summarize the parameters we have adopted in
the numerical analysis of this work:

APPENDIX B

(1) Masses, decay constants, and lifetimes:
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TABLE Ill. Values of the running coupling constarnig

PHYSICAL REVIEW D 63 054008

and the Wilson coefficient€; with Al

=250 MeV for different energy scalgs=1.0, 1.5, 2.0, 2.5, 3.0, and 4.8 GeV.

AR =250 Mev

) 1.0 GeV 1.5 GeVv 2.0 GeV 2.5 GeV 3.0 GeV 4.8 GeV
are(1) 0.5439 0.4208 0.3626 0.3275 0.3034 0.2552
C, ~0.650 ~0.510 ~0.435 ~0.385 ~0.349 ~0.271
C, 1.362 1.268 1.219 1.189 1.168 1.124
Cs 0.036 0.027 0.022 0.019 0.017 0.013
Cs ~0.063 ~0.050 ~0.043 ~0.038 ~0.035 ~0.027
Cs 0.015 0.013 0.012 0.011 0.010 0.008
Ce —0.102 —-0.074 —0.060 —0.051 —0.045 —0.033
Colaem 0.040 0.035 0.035 0.036 0.038 0.045
Cglaenm 0.128 0.091 0.073 0.062 0.055 0.041
Colem  —1.509 ~1.416 ~1.366 ~1.334 ~1.311 ~1.260
C1ol @em 0.695 0.546 0.465 0.412 0.373 0.289
m.=15 GeV, m=170 GeV, 1(xMg\? w3b?
¢B(x)=NBx2(1—x)2ex;{—§(w—) -
Mw=80.2 GeV, fz=190 MeV, .
Ng=203.664 GeV, wg=0.3 GeV,
f,=130 MeV, fc=160 MeV,
3
780=1.55 ps, 75 =1.65 ps. ba(X)= —==Fx(1-x)[1+0.85(1-2x)*—1)],

(2) QCD and electroweak parameters:

Gr=1.1663%10"° GeV 2, AUL=250 MeV,

as(M5)=0.117, agy=1/129,

A=0.2196, A=0.819,

Rp=p?+ 7°=0.38.

(3) Meson wave functions:

V2N,

fX(1—x),

3
D (X)= \/?Nc

3
b (X)= —z_l\lchx(l—x)[lJrO.S](l—Zx)
+0.3(5(1—2x)%2—1)],
fx(1—x).

3
dr(X)= \/?Nc

[1] M. Kobayashi and T. Maskawa, Prog. Theor. P48, 652
(1973.
[2] M. Gronau and D. London, Phys. Rev. L6, 3381(1990.

[3] M. Gronau, J. L. Rosner, and D. London, Phys. Rev. L£3t.

21 (1999; R. Fleischer, Phys. Lett. B65 399(1996.

[4] R. Fleischer and T. Mannel, Phys. Rev.5l3, 2752(1998.

[5] M. Neubert and J. Rosner, Phys. Lett4B1, 403 (1998; M.
Neubert, J. High Energy Phy82, 014 (1999.

[6] A. J. Buras and R. Fleischer, Eur. Phys. J1T 93 (1999.

[7] M. Bauer, B. Stech, and M. Wirbel, Z. Phys.33@, 103(1987);
29, 637(1985.

[8] H. Y. Cheng, H-n. Li, and K. C. Yang, Phys. Rev. @D,
094005(1999.

[9] T. W. Yeh and H-n. Li, Phys. Rev. B6, 1615(1997.

[10] A. Szczepaniak, E. M. Henley, and S. J. Brodsky, Phys. Lett.
[22] M. Beneke, G. Buchalla, M. Neubert, and C. T. Sachrajda,

B 243 287(1990.
[11] H.-n. Li and H. L. Yu, Phys. Rev. Let%4, 4388(1995; Phys.

Lett. B 353 301(1995; Phys. Rev. D53, 2480(1996.

[12] H.-n. Li, Phys. Rev. D62, 3958(1995.

[13] C. H. Chang and H-n. Li, Phys. Rev. &b, 5577(1997.
[14] H.-n. Li and G. L. Lin, Phys. Rev. B0, 054001(1999.
[15] H.-n. Li and B. Melic, Eur. Phys. J. €1, 695(1999.

[16] B. Melic, Phys. Rev. 069, 074005(1999.

[17] S. J. Brodsky and D. S. Hwang, Nucl. Phia&43, 239(1999.

[18] M. Bander, D. Silverman, and A. Soni, Phys. Rev. Léf,
242 (1979.

[19] CLEO Collaboration, Y. Kworet al,, hep-ex/9908039.

[20] CLEO  Collaboration, D. Cronin-Hennessy et al,
hep-ex/0001010.

[21] N. G. Deshpande, X. G. He, W. S. Hou, and S. Pakvasa, Phys.

Rev. Lett.82, 2240(1999; W. S. Hou, J. G. Smith, and F.
Wirthwein, hep-ex/9910014.

Phys. Rev. Lett83, 1914(1999; hep-ph/0006124.

054008-20



PENGUIN ENHANCEMENT ANDB— K DECAYS IN . ..

[23] Y. Y. Keum and H-n. Li, Phys. Rev. Bto be publishey
hep-ph/0006001.

[24] B. Melic, B. Nizic, and K. Passek, Phys. Rev.dD, 074004
(1999.

[25] J. C. Collins and D. E. Soper, Nucl. Phy&193 381 (1981.

[26] J. Botts and G. Sterman, Nucl. Phy325, 62 (1989.

PHYSICAL REVIEW D 63 054008

[45] C. D. LU, K. Ukai, and M. Z. Yang, hep-ph/0004213.
[46] A. Ali Khan, Nucl. Phys. B(Proc. Supp). 63, 71 (1998.
[47] S. Narison, Nucl. Phys. BProc. Supp). 74, 304 (1999.
[48] B. Grinstein and D. Pirjol, Phys. Rev. 62, 093002(2000.
[49] Y. Y. Keum, H.-n. Li, and A. I. Sanda, hep-ph/0004004.
[50] W. S. Hou and K. C. Yang, Phys. Rev. Le?, 4806(2000.

[27] G. Buchalla, A. J. Buras, and M. E. Lautenbacher, Rev. Mod[51] H. Y. Cheng, talk presented at the 3rd International Confer-

Phys.68, 1125(1996.

[28] Particle Data Group, C. Caset al, Eur. Phys. J. C3, 1
(1998.

[29] H.-n. Li and G. Sterman, Nucl. PhyB381, 129 (1992.

[30] C. Y. Wu, T. W. Yeh, and H-n. Li, Phys. Rev. B3, 4982
(1996.

[31] D. Atwood and A. Soni, Phys. Lett. B66, 326 (1999.

[32] G. Buchalla, A. J. Buras, and M. K. Harlander, Nucl. Phys.
B337, 313(1990.

[33] P. Ball, J. High Energy Phy€9, 005(1998.

[34] CLEO Collaboration, M. S. Alanet al, Phys. Rev. 60, 43
(1994).

[35] M. Bauer and M. Wirbel, Z. Phys. @2, 671(1989.

[36] V. L. Chernyak and A. R. Zhitnitsky, Phys. Refp12 173
(1984).

[37] P. Kroll and M. Raulfs, Phys. Lett. B87, 848(1996; S. J.

ence orB physics andCP Violation (BCONF99, Taipei, Tai-
wan, 1999, hep-ph/9912372; H. Y. Cheng and K. C. Yang,
Phys. Rev. D62, 054029(2000.

[52] R. Fleischer, Eur. Phys. J. € 451(1999; Phys. Lett. B435
221(1998; M. Neubert and J. Rosnehid. 441, 403 (1998
M. Neubert,ibid. 424, 152(1998; H. Jin, Report No. BIHEP-
Th/98-009(hep-ph/9805236 D. S. Du, X. Q. Li, Z. T. Wei,
and B. S. Zou, Eur. Phys. J. 4 91(1999; A. F. Falk, A. L.
Kagan, Y. Nir, and A. A. Petrov, Phys. Rev. b7, 4290
(1998; D. Atwood and A. Soni, Phys. Rev. B8, 036005
(1998.

[53] G. Kramer, W. F. Palmer, and H. Simma, Z. Phys6€; 429
(1995.

[54] A. N. Kamal, Phys. Rev. 50, 094018(1999.

[55] G. P. Lepage and S. J. Brodsky, Phys. Re22D2157(1980.

[56] J. D. Bjorken, Nucl. Phys. BProc. Supp). 11, 325(1989.

[57] H.-n. Li and B. Tseng, Phys. Rev. b7, 443(1998.

Brodsky, C.-R. Ji, A. Pang, and D. G. Robertson, Phys. Rev. 058] X. G. He, Eur. Phys. J. ®, 443(1999; N. G. Deshpande, X.

57, 245(1998; I. V. Musatov and A. V. Radyushkiribid. 56,
2713(1997.

[38] H.-n. Li, hep-ph/0012140.

[39] A. I. Sanda and K. Ukai, DPNU-00-16.

[40] D. Tung and H.-n. Li, Chin. J. Phy$Taipej 35, 651(1997.

[41] F. G. Cao, Y. B. Dai, and C. S. Huang, Eur. Phys. 11C501
(1999.

[42] J. Bebeket al, Phys. Rev. D17, 1693(1978.

[43] S. R. Amendoliaet al., Nucl. Phys.B277, 168 (1986.

G. He, and J. Q. Shi, Phys. Rev.@2, 034018(2000.

[59] M. Gronau and J. L. Rosner, Phys. Rev5B 113005(1998;
M. Gronau and D. Pirjolibid. 61, 013005(2000.

[60] C. H. Chen and H.-n. Li, Phys. Rev. &8, 014003(2001).

[61] We thank H.Y. Cheng for a discussion on this point.

[62] N. Isgur and C. H. Llewellyn Smith, Nucl. PhyB317, 326
(1989.

[63] W. S. Hou and K. C. Yang, Phys. Rev. @1, 073014(2000.

[64] T. Inami and C. S. Lim, Prog. Theor. Phyg5, 297 (1981).

[44] Belle Collaboration, P. Chang, talk presented at the 30th Interf65] M. Suzuki, talk presented at the 3rd International Conference

national Conference on High Enery Physi¢c€ HEP 2000,
Osaka, Japan, 2000.

054008-

on B physics andCP Violation (BCONF99, Taipei, Taiwan,
1999, hep-ph/0001170.

21



