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Nonfactorizable effects in hadronic charmlBs-PP,VP decays can be parametrized in terms of the
effective number of coIorsNgﬁ, in the effective parameterzs{Eff that are linear combinations of Wilson
coefficients. It is shown tha\iiﬁ(v+A) in the penguin amplitudes induced by thé-{ A)(V+ A) four-quark
operators is different fronNE"(V—A) in the decay amplitudes arising from th¥ £ A)(V—A) operators.
Central values of the branching ratios Bt — w7~ andB— 7= decays favoNﬁff(V—A)%Z, in accordance
with the nonfactorizable effect observed Br—~D™) 7 (p). Measurements of the interference effectsBin
—a (p7)7%(p°) decays will provide a more decisive test of the paramBl?ﬁ(VfA). However,Nﬁﬁ(V
+A)~2 is ruled out byB*— ¢K*. We find that the current bound dB*— #K* implies NEf(V+A)
=4.3, which is subject to the corrections frovd-annihilation and spacelike penguin effects. vvrm@ff(v
—A)~2 we show that the branching ratio Bf— 'K is enhanced considerably at small values cN?jf(V
+A) so that it is compatible with experiment. In particular, the measureme®’ef 'K is now well
explained without resorting to any new mechanism or new physics beyond the standard model. It is crucial to
measure the charged and neutral decay modds-etK and B— ¢K* to test the generalized factorization
hypothesis. Finally, we point out that it is difficult to understand the observed large branching r&io of
— wK™* within the present framework. Inelastic final-state interactions may alleviate the difficulty with this
decay mode[S0556-282(98)06117-1

PACS numbd(s): 13.25.Hw, 12.38.Bx

[. INTRODUCTION and renormalized at the same scale
Because there is only one single form factor Lorentz

To describe the hadronic weak decays of mesons, the mecalaj involved in the class-I or class-Il decay amplitude of
sonic matrix elments are customarily evaluated under th&(D)—PP,PV decays P is the pseudoscalar mesov;is
factorization hypothesis so that they are factorized into théhe vector meson the effects of nonfactorization can be
product of two matrix elements of single currents, governedumped into the effective parameteas anda, [2]:*
by decay constants and form factors. In the naive factoriza-
tion approach, the relevant Wilson coefficient functions for
color-allowed externaWW-emission(or so-called “class-I’) a§ﬁ= cit+cCy
and color-suppresseftlass-l) internal W-emission ampli-
tudes are given bg;=c,+¢c,/N;, a,=c,+¢,/N., respec-
tively, with N. the number of colors. In spite of its tremen-
dous simplicity, naive factorization encounters two majorwherec, , are the Wilson coefficients of the spectator four-
difficulties. First, it never works for the decay rate of class-11quark operators, and nonfactorizable contributions are char-
decay modes, though it usually operates for a class-| transgcterized by the parametegs and x,. Taking the decay
tion. For example, the predicted decay rate of the colorB™—D%7~ as an example, we hayé—6]

suppressed decap®— K7 in the naive approach is too

small when compared with experime(for a review, see

[1]). Second, the hadronic matrix element under factorization X1=¢€ X2 c

is renormalization scalg independent as the vector or axial- ? ' (1.2)
vector current is partially conserved. Consequently, the am-

plitude c;(1){(O)¢acr is Not truly physical as the scale depen-

dence of Wilson coefficients does not get compensation frorhere

the matrix elements. The first difficulty indicates that it is

inevitable and mandatory to take into account nonfactoriz-

able contributions, especially for class-Il decays, to render 1as pointed out i3], the general amplitude &(D)— V'V decay

the color ;gppression of internél emission ineffective. The consists of three independent Lorentz scalars, correspondig to
second difficulty also should not occur since the matrix elep-, andD-wave amplitudes. Consequently, it is in general not pos-

ments of four-quark operators ought to be evaluated in theible to define an effectiva; or a, unless nonfactorizable terms
same renormalization scheme as that for Wilson coefficientsontribute in equal weight to all partial-wave amplitudes.

1+
N, X1

1
y agﬁ:C2+C1(_+X2 y
Nc

(1.1

a a
éBD,ﬂ')_}_ _SSBD'W), :8(SB7T,D)+ _Sg-Bﬂ',D)
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(BD’W):(Doqr_|(au)v_A(Eb)v_A|B_>nf aS(D—Km)~—0.50, a(B—Dm)~0.26. (1.4
! (Dow‘|(du)V_A(Eb)v_A|B‘>f It should be stressed that since the magnitude; gfdepends
. on the model results for form factors, the above valuea,of
(Dow‘|(du)V7A(Eb)va|B‘) should be considered as representative ones. The si@ﬁf of
=T = — 1 is fixed by the observed destructive interference D
(m"|(dw,_,Jo)(D°|(cb), ,[B") Fo s o L o
V-A V-A —K"7" and constructive interference B —D 7.
— _ Equation(1.4) then leads to
(BD,m) :I‘<Doﬂ-_|(d)\au)v—A(C)\ab)v—AlB_> (1.3 | e —
gg =5 = - - ~m,;D—Km)~—0.36,
2 (= |(du), |0)(D°|(b), ,[B") X2 Me; DK
x2(u~my;B—Dm)~0.11. 1.5

are nonfactorizable terms originated from color-singlet and
color-octet currents, respectively, al(qz)v Azaﬂ’u(l In general the determinatir?n b iT e<|slsier a|nd more reliable
— — - than x,. The observation,(B)|<|x2(D)| is consistent

_ a = a — -

5)dz and @uA\"0z), ,=0q:iA"Y,.(1=75)0z. The Sub- i he intuitive picture that soft gluon effects become
scriptsf andnf in Eq. (1.3) stand for factorizable and non- stronger when the final-state particles move slower, allowing
factorizable contributions, respectively, and the superscripfnore time for significant final-state interactions after had-
(BD,w) in Eq. (1.2 means that the pion is factored out in ronization[2].
the factorizable amplitude dB— D and likewise for the Phenomeno|ogica”y, the number of COld“Q is often
superscript B, D). In the largeN, limit, ;= O(1/NZ) and  treated as a free parameter and fit to the data. Theoretically,

eg=O(1/N;) [6]. Therefore, the nonfactorizable tergnin  this amounts to defining an effective number of coldtg',
the N.— limit is dominated by color octet-octet operators. called 1£ in [7], by

Since|c,/c,|>1, it is evident from Eq.1.1) that even a

small amount of nonfactorizable contributions will have a INE"=(1N) + x. (1.6
significant effect on the color-suppressed class-Il amplitude. .
If x1. are universali.e., process independerih charm or L IS clear from Eq.(1.9 that
bottom decays, then we still have a new factorization scheme
in which the decay amplitude is expressed in terms of fac-
torizable contributions multiplied by the universal effective Consequently, the empirical rule of discarding subleading
parametera‘f‘}. (For B— VYV decays, new factorization im- 1/N, terms formulated in the largh; approach{10] is jus-
plies that nonfactorizable terms contribute in equal weight taified for exclusive charm decay; the dynamical origin of the
all partial-wave amplitudes so thaﬁff2 canbe defined. The  1/N. expansion comes from the fact that the Fiefd lterms

first systematical study of nonleptonic weak decays of heavre largely compensated by nonfactorizable effects in charm
mesons within the framework of the generalized factoriza-decay. Since the largd: approach impIie9§“~cz and

tion was carried out by Bauer, Stech, and Wirpgl. Phe-  since a$" is observed to be positive iB~— D% 7 ,p")
nomenological analyses of two-body decay dat®dndB  decays, one may wonder why theN}/ expansion is no
mesons indicate that while the generalized factorization hytonger applicable to th& meson. Contrary to common be-
pothesis in general works reasonably well, the effective patief, a careful study shows this is not the case. As pointed out
rameteraaiﬁ2 do show some variation from channel to chan-in [6], the largeN, color counting rule for the Wilson coef-
nel, especially for the weak decays of charmed mesonficient c,(u) is different atu~m, and u~m, due to the
[2,5,8. An eminent feature emerging from the data analysigpresence of the large logarithmat-m. . More specifically,

is thata$" is negative in charm decay, whereas it becomes,(m,)=O(1/N.) and c,(m.)=0(1). Recalling thatc,
positive in the two-body decays of tti meson[2,9,6: =0(1), it follows that, in the largeN, limit [6],

N (D—Km)>3, NEf(B—Dm)~2. 1.7

Co(m) + O(1/N,) for the D meson,

ag'= 1 . (1.8
Co(my) +cq(my) N—+88(mb) +O(1NY) for theB meson.
C

Therefore,a priori the 1N expansion does not demand a meson, a theoretical argument suggests that it may become
negativea$" for bottom decay andNS"(B—Dw)~2 is not  negative in high multiplicity decay modés].

in conflict with the largeN, approach. It should be remarked  Thus far the nonfactorizable effect is discussed at the
that althoughy, is positive in two-body decays of thB purely phenomenological level. It is thus important to have a
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theoretical estimate gf; even approximately. Unfortunately, Il. CALCULATIONAL FRAMEWORK
all existing theoretical calculations based on the QCD sum
rule [11], though they confirm the cancellation between th
1/N, Fierz terms and nonfactorizable soft gluon effddtg],

We briefly sketch in this section the calculational frame-
€work. The relevant effectivd B=1 weak Hamiltonian is

tend to predict a negativg in B°—=D" 7~ ,D°#° and B Ge
—J/yK decays. This tantalizing issue should be clarified Heﬁ(Ale):E VipVig(€101+¢,03)
and resolved in the near future. It is interesting to remark
that, relying on a different approach, namely, the three-scale
perturbative QCD(PQCD factorization theorem, to tackle +VepVeq(c107 +¢,03)
the nonfactorizable effect, Li and one of &3] are able to
explain the sign change af, from bottom to charm decays. 10
For B meson decay, the effective parametaf§ have —thquiZ3 ciOj|+H.c, (2.9)

been determined so far only f&—D(,p) andB—J/ 4K

where nonfactorizable effects amount to haviff~ 2. Re- whereq=d,s, and

cently, several exclusive charmless r8reecay modes have

been reported for the first time by CLE@4-19 and many Oﬁ=(Ub)V_A(Hu)V_A, O5=(qb)
of them are dominated by the penguin mechanism. It is thus

important to know(i) if the constructive interference of tree

amplitudes persists in class-lll charmleBslecay(class-IlI 03(5>=(ab)vaE (Ad'a")v-av+a)
transitions receive contributions from both external and in- a’

ternal W emissiong and (ii) if Nﬁ“ is the same in spectator

and penguin amplitudes. In the literature it is customary to  Oy),=(0,bp)
assume thali" behaves in the same way in the penguin and

nonpenguin amplitudes. The deca}fy rate of the Badecays 3

is then studied as a function ofNg". In the present paper, > (aa’

we shall see that, theoretically and experimental§™(V O 2(ab)""‘2' e (@ vrav-n):
+A) in the penguin amplitude inducft?d by the € A)(V 3
+ A) quark operators is different frol" (V— A) in the tree — —

or )pgnguin IOamplitude induced byc (theV(zA)(V—A) 08(10)_§(q“b5)V—A§ €' (Apdalveav-n):

operatorg. We find thatNE"(V+A) in penguin-dominated (2.2
charmlessB decays is clearly larger thaNﬁ“(V—A) ex- ) , i

tracted from spectator-dominated processes. Therefore, tdth Os—Og being the QCD penguin operators adg—0y0
nonfactorizable effect in tree and penguin diagrams behavdde electroweak penguin operators. As noted in passing, in

in a different manner. This observation is the key element fo'd€" t0 ensure the renormalization-scale and -scheme inde-
understanding the CLEO measurementB3f— 'K* and pendence for the physical amplitude, the matrix elements of
BO— 5'K°. By treatingNeff(V_A) and Neﬁ(v+A) differ- four-quark operators have to be evaluated in the same renor-
ently nthe .data oB— 77’KC can be explai;ed in the frame- malization scheme as that for Wilson coefficients and renor-
work of the standard model without resorting to new mecha—mahzed at the same sca}g .
nisms or new phvsics bevond the standard model In full theory, the leading QCD correction to the weak
Py y ‘ transition is of the formagn(M2/—p?) f | k
This paper is organized as follows. In Sec. Il we sketch r?]n5| 1on 'sr? ff (r)]rrnus nMy/=p) for mass less qukalr. Sy
the starting point of the effective Hamiltonian and emphasiz¢'"€"€ P 1s the off-shell momentum of external quark lines

- . 2 -
that vertex and penguin corrections to the four-quark opera@nd its magnitude-p degendzs on the system under consid-
tion. For example;- p“~my, in the energetic two-body

tors should be combined together with the Wilson coeffi-€& _ . -bod
cients to render the resulting physical amplitude independertharmless8 decays. The merit of the effective Hamiltonian

of the choice of the renormalization scheme and scale. ThefPProach is that one can choose a renormalization $C82t°3
we extract the information oNEf(V—A) from spectator- that t2he2 Ieadng Izogarlthmm correction MG/ —p?)
dominated charmlesB decaysB*—wm™ andB—mm in  =IN(My/u)+In(u7=p) is de;:on;p_osed in such a way that
Sec. IIl andNE™(V+ A) from the penguin-dominated process the large logarithmic term Ii,/4) is lumped into the Wil-
B— ¢K in Sec. IV. In Sec. V we demonstrate that the mea-Son coefficient functiorw(x) and summed over to all orders
surement ofB— 'K also favors a different treatment of N as using the renormalization group equation, while the
Nﬁﬁ(V—A) and N?ﬁ(V+A)' In Sec. VI we point out a dif- logarithmic correction Ing%—p? to the matrix element
ficulty with B* — wK™* within the present framework. Con- (O(x)) is small(for a review, se¢26]). SinceO(y) is the

clusions and discussions are presented in Sec. VIL. four-quark operator renormalized at the scaleits hadronic
matrix element is related to the tree level one via

(O(w))= 9(1)(O)yee: 2.3

v—A(uu)v—A’

2 (%qg)v-mwm )

Y
q

2In [20] we have assumed thBE (V—A) ~NEf(V+A)~2. The
present paper is an improved version20]. with
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u? 1 m?—k?x(1—x)
g(u)~1+as(u)(yln ?jtc (2.9 G(m,k,,u)=—4fo dx x(l—x)ln(—luz—).
(2.9

for current-current operators, where we have included the N
nonlogarithmic constant contributiansince the logarithmic ~ For b—s transitions |\ ,|<|\¢|, Ac~—X\, and hence
contribution In%—p? is small whenu?~ —p? and hence )

i _ ag(u)~
the momentum-independent constant term cannot be ne CZﬁZCe(M)+ SEIB(Me k m)Cy(p)+++ . (2.10
glected. It follows that, schematically, 8

(He)= c(1)9(1){O)yree= M O)yree- (2.5  The importance of the so-called “charming” penguin dia-
grams forb—s transition was emphasized recenilgnd

To the next-to-leading ordeiNLO), c(u) depends on the probably overemphasizgéh [25].
renormalization scheme chosen and so does the comstant ~ Using the next-to-leading ordeAB=1 Wilson coeffi-
g(u). However, the effective Wilson coefficient is inde- ~ cients obtained in the 't Hooft—VeltmafHV) scheme and
pendent of the choice of the renormalization scheme anthe naive dimension regularizatioNDR) scheme atu
scale. It should be stressed that, except for the lattice QCDs m,(my), A@—ZZS MeV andm,=170 GeV in Table 22
model calculations of the hadronic matrix elements are actuof [26], we obtam the effective renormalization-scheme- and

ally performed for(O)yee rather than for{O(u)). (Quark  _scale-independent Wilson coefficiemd' at k2= mZ/2:3
model calculation of O)ee, for example, may involve an

implicit low energy scale, but it has nothing to do with the ¢$"=1.149, c§"=-0.325,
renormalization scale..) For example, in the factorization

approximation, the matrix elemef©);, is scale indepen- cf=0.0211+10.0045, cS=—0.0450-i0.0136,
dent and hence it cannot be identified w{@(x)). There- 3 ' 4

fore, it is important to evaluatg(u), the perturbative cor- eff _ ; eff _ _ ;
rections to the four-quark operators at the sqale Cs =0.0134+10.0045, cq 0.0560-10.0136,
As emphasized above, before applying factorization or Ceff:_(o 0276+i0.0369, cS=0.054
carrying out any model calculation of hadronic matrix ele- ' ' L '
ments, it is necessary to incorporate QCD and electroweak —(1.318+i0.0369a, cS=0.263. (2.11)
corrections to the operators 10 ’

Two important remarks are in order. First of aﬂlz are
as(p) ~ .
me(,U«) (O} treer surprisingly very close to the leading order Wilson coeffi
4m i cients, c:°=1.144 andci®=—-0.308 atu=my(m,) [26],
(2.6)  recalling thatch°R=—0.185 andc}" = —0.228 at NLO[26]
- deviate substanually from the leading order values. This
so thatc;(1)(Oi(u)) = ¢ (Oi)yree, Where means tha¢O; o 1) )~(O1 2yee- HENCE, it eXplains why the
conventional way of applying the Wilson coefficients at
) 2 leading order and evaluating the matrix elements of current-
Cj(M)' ( 7) L . - ipe
current operators at the tree level is “accidentally” justified
provided thaiu?~ — p?. Second, comparing Eq.11) with
Then the factorization approximation is applied to the hadthe leading order penguin coefficiei@6]
ronic matrix elements of the operat@ at the tree level. Lo Lo
Perturbative QCD and electroweak corrections to the matri€s_=0.014, ¢;°=-0.030, ¢s°=0.009, cg°=-0.038

cesm, andm, from vertex diagrams and penguin diagrams (2.12
have been calculated [21-24. It should be remarked that
although the penguin coefficientg—c,q are governed by
penguin diagrams with quark exchange, the effective Wil-
son coefficients do incorporate the effects of the pengui
diagrams with internalu and ¢ quarks induced by the
current-current operatdd; . For examplg 24],

(Oi(u))=

c=[1+ jfff) T<m+—m (1)

i

at u=mp(my), we see that Ref" )~ 2 c;%(w). This im-
plies that, contrary to the case of current-current operators,
ijpenguin corrections to the current-current operators give im-
portant contributions to the QCD penguin operators. This
means that the decay rates of charml&slecay modes
dominated by penguin diagrams will be too small by a factor
of ~(1.5)?=2.3 if only leading order penguin coefficients

csff= cq(u)— a;(:) —G( me, K, )+ )):—‘t‘é(mu ' are employed for calculation.
Xcey(p)+e-r, (2.8
- 3We use the complete expressionsmf(x) given in[24] and
where Ni=ViyVig(a=d,s), G(mg.k,p)=35Kk  f(w) in [22] to evaluatec®. Note that while ourc" are con-
—G(mq kou), kis a constant depending on the renormal 5|stent with the numerical results given [i24,27, our values for
ization schemek is the gluon’s virtual momentum, and s, are different from those shown [i27].
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We shall see later that running quark masses appear in the

matrix elements of $—P)(S+P) penguin operators

PHYSICAL REVIEW D 58 094005

1 _ —
(P1P|OIM) = 5 (PG 0] 0)( PGl 6| M)

through the use of equations of motion. The running quark

mass should be applied at the scale-m, because the en-

ergy released in the energetic two-body charmless decays of

the B meson is of ordem, . Explicitly, we use[28]

m,(my)=3.2 MeV, my(my)=6.4 MeV,

mg(m,) =105 MeV, m,(m,)=0.95 GeV,

my(my) =4.34 GeV, (2.13
in the ensuing calculation, where we have applieg= 150
MeV at u=1 GeV.

It is convenient to parametrize the quark mixing matrix in
terms of the Wolfenstein parametets \, p, and # [29],
whereA=0.804 and\ =0.22. In the present paper we em-
ploy two representative values fgr and 7: (i) p=0.16,
7=0.34 and(ii) p=—0.12, 7=0.35. Both of them satisfy the
constraintyp?+ ?=0.37. A recent analysis of all available

experimental constraints imposed on the Wolfenstein param-

eters yield430]

p= 0.156-0.090, %=0.328:0.054, (2.19
wherep=p(1— \?/2) andy= 5(1— \?/2), and it implies
that the negative region is excluded at 93% C.L.

[ll. NONFACTORIZABLE EFFECTS IN SPECTATOR
AMPLITUDES

The combinations of the effective Wilson coefficients
azi:C§F+ (1/N¢) Cgﬁ a2i—1:C§?—l+ (1/N¢) Cg? (i

i—1°
=1, ... ,b) appear in the decay amplitudes. As discussed i

the Introduction, nonfactorizable effects in the decay ampli-

tudes ofB—PP,VP can be absorbed into the parameters
a®™. This amounts to replaciny. in a; by (N&™);. (It must

be emphasized that the factor Wf appearing in any place
other thana; shouldnot be replaced by\lﬁﬁ.) Explicitly,

eff
CZI .

(3.9

eff eff __ _eff
Coi—1s 2i-17C3i1

+ P
(NEM) 5y

It is customary to assume in the literature thaﬂﬁf()l
~(NEM),. .. ~ (N, so that the subscriptcan be dropped.

A closer investigation shows that this is not the case. Con
sider an operator of the forf®D=q;T'q5 g5T"q5 which

arises from the Fierz transformation of a singlet-singlet op-

erator withI" and I'' being some combinations of Dirac
matrices. Applying the identity

1 _ 1 _
O= §Q1FQ2 gzl qs+ EQ1)\aFQ2 Qs\T''qs (3.2

to the matrix element oM — PP, leads to(assuming the
guark contenfy;q, for P,)

1 _ _
+ §<P1P2|Q1FQ2 03l Qa|M) s

1 _ _
+ §<P1P2|Q1>\3FQ2 ash T qa|M).
(3.3

The nonfactorizable effects due to octet-octet and singlet-
singlet operators are characterized by the parameteand
&1, respectively, as shown in E(L.3):

:<P1P2|61FQ2 sl As| M) ¢
(P1P3[a1I'q, Gal" g4/ M)
(P1P2[a1Tdz GaT'" qa| M)y
(P1Po|(G1dy), ,(@ada),, M)’

€1

88:1 <P1P2|aliaFQ2ja)\ar'Q4| M)
2 (P1P,[q:l'q, Gsl" qalM )y
(P1P3[a1l'd; Qs ds| M)
<P1P2|(31CI2)V_A(H3Q4)V_A| M)

(3.9

However, the Fierz transformation of the { A)(V+A) op-
erators Os 5 7 g iS quite different from that of {—A)(V
—A) operatorsO, , 3 4and Og 40; that is,

V—A)(V+A)— —2(S—P)(S+P),
( J(V+A) ( )(S+P) (3.5
: (V=AY (V—=A)—(V—A)(V—A).

Therefore,I' andI'’ are the combinations of the Dirac ma-
trices 1 andys for the Fierz transformation of\(—A)(V
+A) operators and the combinations ¢f, and y,ys for
(V—=A)(V—A) operators. As a result, nonfactorizable ef-
fects in the matrix elements o¥/(~ A)(V+ A) operators are
a priori different from that of ¢ — A)(V—A) operators, i.e.,
x(V+A)# x(V—A). Since IN™=1/N.+ x [cf. Eq. (1.6)],
theoretically it is expected that

NE(V—A)=(NEM) =~ (NET) ,~ (NEM) 3~ (NEM),

~(NEM g~ (NEM) 10,
NE(V+A)=(NEH) g~ (NET) g~ (NEM),~ (NET)g, (3.6)

and N&"(v+A) = NET(V—A) in general. In principleNS"

can vary from channel to channel, as in the case of charm
decay. However, in energetic two-body decays,Nﬁ“r is
expected to be process insensitive as supported by[6hta
As stressed in the Introduction, Mg’ﬁ is process indepen-
dent, then we have a generalized factorization. Contrary to
the naive one, the improved factorization does incorporate
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nonfactorizable effects in a process-independent form. Fodominated by the spectator diagrams induced by the current-

example, ;= x,=— 5 in the largeN, approximation of current operator®; andO,. In particular, we would like to

factorization. study these modes which are sensitive to the interference
The unknown parameterNgﬁ)i in charmles8 decays in between external and intern#/-emission amplitudes. The

principle can be determined if the decay rates are measurdact thatN"<3.5 (N$>3.5) implies a positivenegative

for a handful of decay modes with sufficient accuracy. Be—agff and hence a constructi@estructive interference will

cause of the limited data and limited significance available aénable us to differentiate between them. Good examples are

present, we shall use Eg&8.6) and the experimental result the class-lll mode8* — wm™, 77, p7*,7%", .. ., etc.

for Nﬁ“(B—>D7r) as a guidance to determinedZ")i. To We first consider the decdy~ — w7~ . Under the gener-

begin with, we focus in this section on the decay modeslized factorization, its decay amplitude is given by

G
AB —om )= T;[ ViupVig(ag X B ™+ a,XBme) 4 2q, X(B.70))
* m727 (Bw,m)
—VinVig a4+alo—2(ae+as)(mb+m J(mot my) ‘
u u
1
+5(4ag+2a,+4as+as+ ag—a g X(B™®)
mg
+2| ag+ta;—2(ag+a X<B'“’)”, 3.
4 10 ( 6 8)(mb+mu)(mu+md) ( 7)
|
where we have dropped the superscript “eff” for conve- (0|A,IP(@))y=ifpa,, (OIV,[V(p,e))=Ffymye,,

nience, and the notatiok®*:™ for example, denotes the

factorization amplitude with the meson being factored out: m2— miﬂ

(P"(P)IVLIP(P)=| P.tP,— T%) Fi(g?)

XBem=(7"|(du),_ |0)(w|(Tb)y_a/B), m2—m?,
+Fo(g?) Tqﬂ,

XB™9 = (w|(Tu), [0} |(db)y_aB),

(V(p",2)|V,[P(p))= €uvape™ PP V()

Mp+my
X(ETI=(7"0|(du),_,|0)(0l(Ub)yA/B"). B8 (V(p',e)|AIP(P)) =i (Mp+my)e Ay (GP)

Note that in the penguin amplitude, the tedff ™) arises _&p (P+p"),Axq?)

from the spacelike penguin diagram. Using the following Mp+ My
parametrization for decay constants and form factors, D

_2m\/ ? qM[A3(q2) _AO(qz)] ’

40nce the one-body matrix elements are defined, one can apply 3.9

heavy-quark symmetry to the two-body matrix elements for heavy-
to-heavy transition to show that all the form factors defined in Eqs.Whereq: pP—p’, F1(0)=Fo(0), A3(0)=Ao(0), and

(3.9 are positively defined at>>0 and that the relative signs

between two-body and one-body matrix elements are fixed. In this A (q2) _ Mp + mVA qz) _ Mp— My A (qz) (3.10
way, we find that the vector form fact&#(q?) defined by Wirbel, 3 2m, ! 2my, 2 N
Stech, and Bau€31] has a sign opposite to ours. Note that our

convention isep o5= 1. we obtain
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FIG. 1. The branching ratio @*— wm™ vs 1,N§ﬁ. The solid FIG. 2. Same as Fig. 1 except that the branching ratio is plotted
and dashed curves are foy=0.34, p=0.16 and=0.35, p= against 1IN§”(V+A) with Nﬁ“(V—A) being fixed at the value of 2.
—0.12, respectively. The solid thick lines are the CLEO measure-
ments with one sigma errors. contributions are suppressed by the smallness of the penguin

coefficients. Neglecting th&/-annihilation contribution de-
XBom=_2f m AS“(m2)e-pg, noted byX® ™) and usingf =132 MeV, f,=195 MeV
o for decay constantsA3“(0)=0.2842,F27(0)=0.33 for
X(Bme)— — 2 ,m, F37(m2)e - pg. form factors[31], and 7(B*)=(1.67+=0.04) ps[33] for the

(3.1)  chargedB lifetime, the branching ratio oB*— 7w aver-
aged oveICP-conjugate modes is shown in Fig. 1 where we

2 . .
For theg? dependence of form factors in the region whefe have set Ngﬁ(\H_A): Ngﬁ(V_A): Ngﬁ and plotted the

L]sar:lq(();tl;oo large, we shall use the pole dominance ansat%ranching ratio as a function of NZ”. We see that the
' branching ratio is sensitive toN¢" and has the lowest value
£(0) of order 2< 10~ % at N®=c0 and then increases withNg".
f(q?)= (3.12  Since, experimentallj16],®

(1-gm})"
+ E +0.64 —5

wherem, is the pole mass given ii7]. A direct calculation BB~ wm?)=(1105:09x107 (316

of B—P and B—V form factors at timelike momentum

transfer is available in the relativistic light-front quark model

[32] with the results that the> dependence of the form

it is evident that ngﬁ> 0.35 is preferred by the data. Be-
cause this decay is dominated by tree amplitudes, this in turn

factors Ay, Fq is a dipole behaviofi.e., n=2), while Fg implies that
exhibits a monopole dependenae=(1). The decay rate is off . -
then given by N (V—A)<2.9 from B*— 7~ w. 3.19
2_ 2 2\ With the value ofNEf(V— A) being fixed to be 2, the branch-
_ _ pc (mB mTr mw) 2 . . + C+ . . . .
I'B"—7m w)= p— > —-m ing ratio of B~ — 7~ w is plotted in Fig. 2 as a function of
Mg 4m;, Nﬁﬁ(V+A). We see that for positive, which is preferred
B 2 by the current analysig30], the branching ratio is of order
x‘ AB —m w) 313 (0.9-1.0K 105, very close to the central value of the mea-
€ Ps ’ sured one.

The fact thatNﬁﬁ(V—A)<2.9 in charmless two-body de-
cays of theB meson is consistent with the nonfactorizable
7 R — 5 term extracted fronB—(D,D*)w,Dp decays, namelyy
Pe= VLM —(m,, +m,) Y m — (m,,—m4) ]_ (3.14 ~0.10 orN&f(B— D7) ~2. Since the energy release in the

wherep, is the c.m. momentum:

¢ 2mg energetic two-body decay— ww, B— D is of the same
. order of magnitude, it is thus expected thatﬁﬁ(v
Since
_A)|B~>wﬁ~2'
VipVia= AN (p—i7), VepVieg=—AN,
ViV =AN3(1—-p+ip), (3.15 5The significance oB*—w=™ is reduced in the recent CLEO

analysis and only an upper limit is quotgg4,19: B(B* — 7" w)
in terms of the Wolfenstein parametrizatip?9], are of the <2.3x10°5. Since B(B*—K*w)=(1.573%+0.2)x10°° and
same order of magnitude, it is clear th&t — w7~ is domi-  B(B*—h*w)=(2.5"58+0.3)x10"° with h=m,K, the central
nated by external and interndl emissions and that penguin value of B3(B*— 7w~ w) remains about the same as in E8.16).
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In analogy to the decayB— D™z (p), the interference
effect of spectator amplitudes in class-1ll charmlBsdecay
can be tested by measuring the ratios

N

=
(6]

B B(B~—x 70 _ZB(B_Hp_TrO)

U BE—rmt) 2 BBY—p mt)

Br (B*>a*7%) x10°

0.5 B(B™—m p°)
e Ry=2————. (3.2)
B(B°—=m p")
0.2 0.4 0.6 0.8 1 _ _ o
1/ N°f Since penguin contributions are very small as we have

checked numerically, to a good approximation we have

FIG. 3. Same as Fig. 1 except BBF — 7= #°. The thick dotted
2

line is the CLEO upper limifsee Eq{(3.20]. 7(B7) a,
. . o . 1 #BY) a,)’
The main uncertainty of the above analysis is the negli-
gence of the spacelike penguin diagrams &ddannihila- )
tions. It is common to argue ths¥ annihilation is negligible 7(B7) f. ASP(m2) a,
due to helicity suppression, corresponding to form factor Rzzrsg) ﬁwa_l
P

suppression at a large momentum transtgr= mé (for a
recent study, sel85]). However, we see from E@3.7) that

the spacelike penguin contribution gains a large enhance- ~7(B7) f, F?”(mi) a, 2
ment by a factor ofm3/[my(m,+my)]~670. Therefore, Re= 7(BY) 1+EABp(m2) a,
there is no good reason to ignore the spacelike penguin effect o (3.22

[36] that has been largely overlooked in the literature. Un-
fortunately, we do not have a reliable method for estimatingEvidently
W-annihilation and hence spacelike penguin diagrams. '
We next come to the decay™ — = #° which is quite
clean and unique in the sense that this is the only two-body
charmlesdBB decay mode that does not receive any contribu- [
=

the ratioRR; are greatefless than unity when the
interference is constructivédestructive. Numerically we

tions from the QCD penguin operators. Under the general-

1.74, [1.40,
ized factorization approximation, 2

0.58, 0.80,

- Gr . 2.50 for N&=2,
A(B — T 7TO)=—Vubejd(a1+a2)lf7T 3= Cff (323
V2 0.26 for N=cs,
0
X (Mg—m2)F5™ (m32), where use ofr(BY) = (1.57+0.04) ps[33], f,=216 MeV,

(3.18 A5P(0)=0.28[32] has been made. Hence, a measurement of
_ B0 _pat R; (in particularR3), which has the advantage of being in-
with Fe™ =Fg™ /12, where we have neglected the very gependent of the parametgrsand », will constitute a very
small electroweak penguin contributions. The decay rate isysefy test of the effective number of cold¥§™(V—A). The

D present experimental information &?— 7+ =~ is [17]
Cc

I'B —m #%= Py |AB"—a 70)|% (3.19
B B(B®— 7" 7")=(0.720.4 X 10 °<1.5x 10°°.

Just like the decaB™ — 7~ w, the branching ratio 0B~ (329
— a0 also increases with [},I/Caff as shown in Fig. 3. The . .

CLEO measurement {€7] As far as the experimental central valueRyf is concerned,

it appears that N§ﬁ~0.5 is more favored than any other
B(B*— 7= 7%)=(0.9"39x105<2.0x10°°. small values of Mg".
(3.20 In short, using the central values of the branching ratios

for class-lll decay modeB— ww, B— 7w, we find that
However, the errors are so large that it is meaningless to pugithin the range &1/N§ﬁso.5, Ng’ﬁ (V—A)~2 is certainly
a sensible constraint oNE"(V—A). Nevertheless, we see more preferred. Measurements of class-lll decays are ur-
that in the range & 1/NS"<0.5[24], N®f(V—A)~2 is fa-  gently needed in order to pin down the nonfactorizable effect
vored. in tree amplitudes. In particular, measurements of the inter-
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ference effects in chargeB decaysB™—a (p~ ) 7%(p°) chiral structure and the Fierz transformation of thé (

will be very helpful in determining\lﬁﬁ(V—A). —A)(V+A) four-quark operator®s ¢ ; gare different from
that of (V—A)(V—A) operators; that isNﬁ“(V+A) is a

IV. NONFACTORIZABLE EFFECTS priori not the same alSIﬁﬁ(V—A). By studying the penguin-

IN PENGUIN AMPLITUDES dominated decayB— ¢K and B— ¢K*, we shall see that

In Sec. Ill we have shown that for spectator diagram am-Ngﬂ(YJrA)N2 is ruled out by the current bound d&
pIitudesNﬁ“(V—A)~2 is preferred, as expected. However, —K"¢. B B ) o
the nonfactorizable effect in the penguin amplitude is not 'he decay B-—K~¢ receives contributions from
necessarily the same as that in the tree amplitude since tt¥-annihilation and penguin diagrams:

. Gg 1
A(B~—K ¢)=E(vubvjsalx@“)—vtbvrs agtagtas— 5(ar+agtag X (BK.9)
mg
+|as+a;—2(ag+a X(B:.KS) ] 4.1
4 10 ( 6 8)(mb+mu)(ms+mu) ( )

where 1
B(B— ¢K*)= E[B(Bi—>¢K* *)+B(B%— ¢pK*9)]

X(BRA=(g|(ss) _ |ONK|(Sb),_,|B")

=(1.1738+0.2 x 1075, (4.5
= —2f ,m,F7(m3) (e pa),
As emphasized in the first footnote of Sec. I, the effective
(BK)_ B B parametersy; in general cannot be defined for tie—VV
XEROI=(pK |@)V7A|O><O|(Ub)va|B ) decay as its amplitude involves more than one Lorentz sca-
(4.2 lar. In the absence of information for the nonfactorizable
contributions to various Lorentz scalars, we shall assume
Neglecting W-annihilation and spacelike penguin diagramsgeneralized factorization. Under this hypothesis, the decay
and usingf ,= 237 MeV,F?K(O)=O.34[32], we plotin Fig. amplitude ofB— ¢K* has a similar expression as that of
4 the branching ratio oB*— ¢K™ against I™ for two ~ B— ¢K. Its decay rate is given by
different cases: the dotted curve for the free parameter
NET(V+A)=NET(V—A)=NE" and the solid curve with T'(B™—@K*")
Nﬁﬁ(V—A) being fixed at the value of 2. In either case, it is

clear thatNﬁﬁ(VJrA) =.2 is evidently excluded from the :%%thvfsfd)md)(mBmeK*)
present CLEO upper limit34] 8mmg| |2
+ + —5 * 1 2
B(B*— ¢K*)<0.5x1075. (4.3 XA (m?) ag+as+as—5(a;+agta

A similar observation was also made[®7]. The conclusion 5 -

that N&f(V+A)#2 will be further reinforced if the decay X[(a=bx)*+2(1+c%y9)], (4.6)
rate ofB*— ¢K= is enhanced by the spacelike penguin dia-

grams. From Fig. 4 we also see thaN{(V+A)<0.23 or  With

NEf(V+A)>4.3. Note that this constraint is subject to the . . . R
corrections from spacelike penguin aviétannihilation con-  x= A3 (M{)/APK (m3), y= VB (m3)/AZ"" (mf),
tributions. At any rate, it is safe to conclude that

Cmempemd o opng
NE'(V+A) >NE(V—-A). (4.9 2msm, Mix My (Mg + My )2’
The branching ratio oB— ¢K*, the average oK* ~ and 2pMg
#K*9 modes, is also measured recently by CLEO with the c¢= % 4.7
result[34] (Mg -+ mMg«)
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FIG. 4. The branching ratio oB*— ¢K* vs IN" for 7 FIG. 5. Same as Fig. 1 except fBr— ¢K*.

=0.34 andp=0.16. The dotted curve is faKE"(V+A)=NE(v

“A)= NG and the Solid curve is the branching ratio againstof B, 7K are in agreement with the CLEO measurement
UNZ'(V+A) with NZ(V—A) being fixed at the value of 2. The yithin errors for all values of NE(V+A). Hence, no use-

solid thick line is the CLEO upper limit. ful constraint on Ngﬁ(V+A) can be derived fromB™

where we have neglected contributions proportional to— 7 K° a”f‘fj BO— 7T+K7f-f
X(B.K* ) Since Ng'(V+A)>NZ"(V—A), one may wonder if the

We calculate the decay rates using two different sets of€ading 1IN expansion may happen to be applicable again to
values for form factors: the matrix elements of\(— A) (V+ A) operators. We believe
thatNﬁﬁ(VJrA):oo is very unlikely for two reasons. First, it
A?K*(0)=0.328, AEK*(O)=0.331, VBK*(0)=O.369 will pre_dict. a too small b.ra.nchi.ng ratio oB— ¢K* as
(4.8  shown in Fig. 5. Second, it implies a nonfactorizable term
xs(V+A)~—1%, as in the charm case. Since the energy re-
from [7] and lease in the energetic two-body decays of Bheneson is
. . much larger than that in charm decay, it is thus expected that
ABK"(0)=0.26, AEX'(0)=0.23, VBX"(0)=0.32
(4.9 |x(D—Km)|>|xg(V+A)|~|x(B—Dm)|. (4.10

fr%m [32]. Aas_ f0|f ﬂ;)e?]z d'epe}ggzanzc)e,:g(htéf)rontdcalculations BecauseNE(V+A)=4.3, it is then plausible to assume that

indicate a dipole behavior g‘), A,(g) and a mono- o _ eff

pole dependence fdk,(g?) [32]. The result is shown in Fig. )_(FB,S/j('Z)3_4)§;()B_)DW) (0.10-0.12). Hence,Nc (v

5. It is interesting to note that the branching ratios are very ' o

insensitive to the choice of the values for form factors, Egs.

(4.9 or (4.9. We see that the allowed region is 0.7 V- IMPLICATIONS ON CHARMLESS B DECAYS

= 1IN (V+A)=0.25 or 4=NET(V+A)=1.4, bearing in INTO #" AND 7

mind that this constraint is subject to the corrections from \when the preliminary CLEO measurement &=

annihilation terms. This seems to be in contradiction to the_, 'k = was reported last ye44],

constraint N&"(V+A)>4.3 derived fromB*— ¢K™*. In

fact, it is expected in the factorization approach thgB B(B*—7'K*)=(7.8"51+1.0x1075, (5.2

— ¢pK*)=~T'(B— ¢K) when theW-annihilation type of con-

tribution is neglected. The current CLEO measureméh® it stimulated great interest in the community since early the-

and (4.5 are obviously not consistent with the prediction oretical estimates of theB*— 7’'K= branching ratio

based on factorization. One possibility is that generalized36,38,23 lie in the range df (1—2)x 10" 5. Since then,

factorization is not applicable B—VV. Therefore, the dis- many theoretical studies and speculation have surged, as evi-

crepancy betweeB(B— ¢K) and B(B— ¢K*) will mea-  denced by the recent literatuf@4,27,39—49 that offers

sure the degree of deviation from the generalized factoriza-

tion that has been applied B— ¢K*. At any rate, in order

to clarlfyeftfms issue and to pin down the effetlve number of 5The predictionB(B*— 7'K*)=3.6x 105 given in[36] is t00

colors N (V+A),’ we need measuremen.ts f_’(ﬁK and large by about a factor of 2 because the normalization constant of

B— ¢K*, especially the neutral modes, with sufficient acCu-the ;) wave function was not taken into account in the form factor

racy. _ — FE”' . This negligence was also erroneously made in some recent
Since CLEO has measur®l — 7~ K® andB°— 7 K™ papers orB— »’K. Note that all early calculation86,38,23 did

[17], we have also studied these two decay modes. We foungbt take into account the anomaly contribution to the matrix ele-

that for a fixed\lsﬁ(V—A) =2, the predicted branching ratios ment{7’[syss|0) (see below
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various interpretations on the abnormally large branching raseems to call for some new mechanisms unique'tgpro-
tios. It was soon realizef24,27] that the running strange duction or even some new physics beyond the standard
quark mass at the scale= O(m,) and SU3) breaking inthe  model.

decay constants of the, and »g will provide a large en- All the previous analyses @&— »'K in the literature are
hancement to the decay rate Bf- »'K (for a review, see based on the assumption thai); are the same foi
[50]). Unfortunately, as pointed out if24], this enhance- =1,2,...,10. In this section we will show that the fact that
ment is partially washed out by the anomaly contribution tONgﬁ(V-i-A) and NE“(V—A) are not the same and that they
the matrix element 7’ [Syss|0), an effect overlooked previ- are subject to the constraint3.17) and(4.10 will lead to a
ously. As a consequence, the branching rati®@ef 'K is  significant enhancement for the decay rateBofs 'K at

of the order of (2—3X107° in the range (sEl/N§“<O.5. small values of ]Mﬁ“. Moreover, we shall see that the pre-
The discrepancy between theory and current measuremendiction of B(B— 7’K) is compatible with experiment. Espe-

(18], cially, the measurement &°— 7'K° is well explained, im-
. - 15 . plying that no new mechanism in the standard model or new
B(B™—n'K™)=(6.5_73+0.9X10">, physics beyond the standard model is needed to account for
o 10 . . the data.
B(B%— 5'K%)=(4.7:54+0.9 X10"°, (5.2 To begin with, we write down the factorizable amplitude

Ge

-

AB —7'K™)= (VUbV:s(alX(B”, K42, X(BR 7 42, X B 7K £ v VE @, X (B

mg
(ms+ mu)(mb_ mu)

_thviks a4+ a10+ 2(36+ as) )X(B"?/xK)

1 1
2a;—2ag— sa;+ sag

+ a7t > X{BY7) 4 (ag—as—a;+ag) XBK7)
2
mg ,
+| ag+ajot2(ag+ag) X(B:77K)
4 10 ( ° 8 (ms_mu)(mb+mu)
2 u
1 1 1 1 m?, fu, ,
+ — + — — — — — + J— 7 _n (BK,7")
t|astas—ast 587~ 589~ 58107 | 85~ 5 8s ms(mb_ms)(l f;, Xs (5.3
forB"—#'K™ and
RO 10 Gr * (BK,7") * (BK,7")
A(B =7 ):E VupVus@2Xy 7 T+ VepVe@oXe ™™
1 mz ,

-V V*[ as— a0t (2ag—a >x<B77 K)

tbVts 4 2 10 ( 6 8)(ms+md)(mb_md)

1 1 (BK,7") (BK,7")
+ 2a3_2a5_§a7+ Eag Xu ’ +(a3—a5—a7+a9)XC '
2
mg )

+| agtapt2(asta X (B2 K)

4T 210+ 208 8)(ms_md)(mb+md)
+| ag+ b Zar tag- sayt s m 1 fy X Bk 5.4

BT e g g% A BT % fm(mymg | T e, | 64
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for B%— 5'K°, where _ as o~
d*(Sy,,v58) =2MSi y5S+ EGWG” , (5.7
XE7=(K7|(su), ,|0}7'|(ub), ,[B7) it is erroneous to apply the relation
— — — 2
=(K%(sd) |0 #'|(db) |B° = Mo
< |(—)V—A| ><77 |( V—A| > <77 |S’)/53|0>:_|#f;,, (58)
S

_ 2 a2 By /2
if (Mg mn’)FO (M), as adopted previously in the literature, where

<O|Eyﬂy5q|n’>=if‘j7,pﬂ. Neglecting theu and d quark

Xf:]BK’””E(7;’I(Eq)V_AIO)(K_I(Eb)v—MB_) masses in the equations of motion lead$5b]
= ('], O)K"|(SD)y_s/BY) (7] szeB0)=rom, 59
i 2 2 BK 2
=it (mg—m)Fo"(m’,), and hencé42,24
2
X® 7K =(p'K=|(Su). |0)(0|(Ub)y_a|B7), (5. i . m,
<77 |(_)V7A| >< |( )V A| > ( 5) <7] |S’Y5S|0>:_|#(fj},_ft‘],) (51(»
S

and use of the isospin relatidnijK'”'):ijBK"?') has been Itis easily seen that this matrix element has the correct chiral
made. For the amplitude & — 5'K ™, the terms propor- behavior. It should be stressed that in order to go the chiral-

tional to X®7'K) and X(¥-7") with penguin coefficients are YMeY limit, one must consider both;—0 and -0
together[52], where 6 is the %- ' mixing angle to be de-

often missed or not considered in previous analyses. Not .

= b y fined below. Sincd",~1 f°, (see belowand the decay am-
that the neutral mod& — »’K" differs from the charged litude is dominatert’:i b $—nP)(S+ P) matrix elements, it is
mode in that it does not receive contributions from externaP Y ’

W-emission andV-annihilation diagrams. From the relevant obvious that the decay rate Bt~ »'K is redgceﬂ consider-
- ably by the presence of the anomaly term( i/ [Syss|0).
guark mixing angles )
To determine the decay consta‘rﬁj}t, we need to know
the wave functions of the physical and » states which are
1 related to that of the singlet statep, and octet stat
VubV:s: A7\4(p_| 77), VcbV:s: A)\Z( 1— E)\Z) ' by 843) g €0 &g

1 n' = mg Sin 6+ 9y C0SH, n=ng COSH— 74 SiN 6,
VipVi=—ANZ+ EA(l—Zp))\4+i nANY, (5.6) (5.1

with 8=~ —20°. When thep- " mixing angle is—19.5°, the
. _ ~ 7' and » wave functions have simple expressigB§]
it is clear thatB— 'K decays are dominated by penguin

diagrams.

The presence of the term—l(f‘:],_/f;,) in Egs. (5.3 and ') = i|ﬁu+€d+2§s>, )= iliu+ad—§s),
(5.4) is necessary and mandatory in order to ensure a correct J6 J3
chiral-limit behavior for the $— P)(S+ P) matrix elements (5.12
of the penguin operatorOsg7g In the chiral limit
m,,My,Ms—0, the ratiomZ/(ms+m,)=m?/(m,+mg) re-  recalling that
mains finite! but this is no longer the case fm‘f],/mS asso-

ciated with the matrix element»’[syss|0) since the»’ 1 1
mass originates from the QCD anomaly and does not vanish |7,)=—|uu+dd+ss), |#g)=-—|uu+dd—2ss).

in the chiral limit. As pointed out if42,24], because of the V3 V6

presence of the anomaly in the equation of motion (5.13

At this specific mixing anglef‘:],:% f;, in the SU3) limit.

Introducing the decay constanitg andf, b
“For the annihilation term, the chiral-limit behavior of 9 y § o by

[ma/my(ms—m,)]X®7'K) is supposed to be taken care of by the o _ . .
form factors inxX(®:7'K), (O|A, | moy=ifop,, (O|AL|ng)=ifgp,, (5.14
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fi, andf$, are then related t6g andf, by’

4 =f—8 sin 6+ f—o cos 6
7' \/6 \/§ 1
f f
5, =—2-2 sin o+ -2 cosé.

n

V6 V3

(5.19

Likewise, for the» meson,

f
fU=—2 cosg—

G

fo

V3

fsz—zhcosﬁ—f—osina
7 e V3T
(5.19

sin 6,

The factorizable amplitude denoted B®<”" involves a
conversion of thecc pair into the ' via two gluon ex-
changes. Although the charm content of theis a priori

expected to be small, its contribution is potentially important

because the Cabibbo-Kobayashi-Maska(@KM) mixing

PHYSICAL REVIEW D 58 094005

ruled out for several reasof80]. For example, from the data
of J/¢y— ey and J/y— 7'y, one can show thaff,|>6
MeV, where the lower bound corresponds to the nonrelativ-
istic quark model estimate. Based on the and »’ y tran-
sition form factor data, the range of allowé‘g, was recently
estimated to be- 65 Mestf],sls MeV [55]. A most re-
cent reevaluation of, along the line of 39] yields f;,=
—(12.3-18.4) Me\[56], which is in strong contradiction in
magnitude and sign to the estimate[88]. The sign off‘;,

can be fixed by using the QCD anomaly and is found to be
negative[47] (see alsq49,53,58). In the presence of the
charm content in thep,, an additional mixing anglé. is
needed to be introduced:

1

|770>:ﬁ

cos A Juu+dd+ss)+sin 6 |cc),

sin 6 ,Juu+dd+ss) +cos 6;|cc).

_ 1
|77c>_ ﬁ

angleV Vg, is of the same order of magnitude as that of the

penguin amplitudécf. Eq. (5.6)] and yet its effective coef-
ficient a, is larger than the penguin coefficients by an orde
of magnitude. The decay constarftf], , defined by

(O|?yﬂy5c|77’>=if;,q#, has been estimated to bfef7

r

(5.17
Thenf‘j}, =cosfdtan 6’Cf,,C andf‘j] —sinftan ecf,lc, where
the decay constan‘t,7C can be extracted fromy.— yvy, and

0. from J/ y— .y andd/ y— ' v [24]. In the present paper
we shall use

=(50-180) MeV, based on the operator product expansion

(OPB, largeN. approach and QCD low energy theorems

[39]. It was claimed iM39] that|ff7,|~140 MeV is needed

in order to exhaust the CLEO observation Bf — 7'K*
and B— 7'+ X by the mechanisnb—cc+s— %' +s via

gluon exchanges. However, a large valuefiiy;f seems to be

8A two-mixing-angle parametrization of the and 5’ wave func-
tions, 5’ = 5gSinbg+ 7,C0H,, 7= 7175 COS Bg— 7 SiN by, is employed
in [24] for the calculation oB— 7’ (7)K. However, in the absence

of mixing with other pseudoscalar mesons, this parametrization wil

destroy the orthogonality of the physical statgsand ' if 6,
#0g. Because of SB) breaking, the matrix elements
(O|A2(8)|778(0).).d0 not vanish in general and they will induce a
two-angle mixing among the decay constants:

£ =f—ssin9 +f—00050

=g St g s
fg fo

S, = —2—sinfg+ — cos 6,.

n \/E 8 \/g 0

fC_

c _
fn,——6 MeV, 7

—tan Hff,, =—2.4MeV,
(5.18

for §=—22° (see beloy, which are very close to the values
fo,=—(6.3+0.6) MeV, f5=—(2.4+0.2 MeV
(5.19

obtained in[53].

Using FEX(0)=0.34 [32], \3F;"°(0)=0.33 for form
ractors? fo=Ffg=f,, my(1GeV)=150 MeV, §=—19.5°,
and Eq.(5.10 for the matrix element#’[syss|0), we find
that B(B— #'K)=(0.9—1.0)x10"° and it is insensitive to
Nﬁﬁ and the choice of Wolfenstein parametersand » as
long as p?+ 7°~0.37, whereN"=NE"(v+A)=NE(v
—A). The discrepancy between theory and experiment can
be greatly improved by the accumulation of several enhance-
ments. First of all, the running quark masses appearing in the
(S—P)(S+P) matrix elements should be applied at the
scale u=0(my) as given in Eq.(2.13 so that the §
—P)(S+ P) matrix element is enhanced due to the decrease

Based on the ansatz that the decay constants in the quark flavor
basis follow the pattern of particle state mixing, relations between

0g, 6y, and @ are derived in[53], where 6 is the »-7' mixing
angle introduced in Eqg$5.13). It is found in[53] that phenomeno-
logically 8g=—21.2°,0,=—9.2°, andf= —15.4°. It must be ac-
centuated that the two-mixing-angle formalism proposelb53
applies to the decay constants of the and » rather than to their

wave functions. Numerically, we find that the branching ratiospgnet

shown in Table (see belowcalculated in one-angle and two-angle
mixing schemes are different by at most 7%. In the present pap
we shall employ the former scheme.

*The form factorsFE”' (0)=0.254 andF£”(0)=0.307 given in
[7] do not take into account the wave function normalization of the
physicaln' and 7 states. Since it is not clear to us what is #hep’
mixing angle employed if7], we shall follow[24,27] to use the

symmetry relation 3F¢"°(0)= J6F"(0)= FB™ (0)

0.33 to obtainF¢”, FS” and hence the form factofsg” as

well asFB8” for a givené.
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FIG. 6. The branching ratio oB*— »'K* as a function of
1/N§ff for =0.34 andp=0.16. The charm content of the' with
f¢,=—6 MeV contributes to the solid curves, but not to the dottedThe anomaly contribution t¢»'[Syss|0) is included.
curves. The lower set of solid and dotted curves takes into account

the anomaly contribution t67'[Syss|0) [see Eq(5.10], whereas

the upper set does not. The solid thick lines are the CLEO measur

ments with one sigma errors.

of mg(u) at w=m,. (The sensitivity of the branching ratio
to mg was first noticed if42].) Second, a recent analysis of
the data ofp, ' — yy and 5, ' — 7y yields [57]

fg

f
- 1.38+0.22, —O=1.06i0.03, 0=—22.0°£3.3°,

fr
(5.20

ks

implying some SI§3) breaking in the decay constants. Ap-

plying the new values of the aforementioned parameters, the

result for the branching ratio &* — »'K™ is shown in Fig.
6 vs 1N§ff (see the lower set of solid and dotted cujvé¥e

PHYSICAL REVIEW D58 094005

~~

0.4 0.6 0.8 1
1/ NS (V+A)

FIG. 7. Same as Fig. 6 except that the branching ratio is plotted
against INE(V+ A) with NEf(V— A) being fixed at the value of 2.

theory and experiment even worse at small values foin

Nef(v—A) is the same adl®(V+A). SettingNE(V—A)

=2, we find that(see Figs. 7 and)8the decay rates dB
—n'K are considerably enhanced especially at small
INE(V+A). That is, B(B*—7'K*) at INS(V+A)
<0.2 is enhanced from (2.5-8)10 ° to (3.7-5)<10"°.
First, thes’ charm content contribution,X®%”") now al-
ways contributes in the right direction to the decay rate irre-
spective of the value dﬂﬁﬁ(V+A). Second, the interference
in the spectator amplitudes &*— »'K™ is constructive.
Third, the term proportional to

2(ag—ag)XBX7) ¢ (agta,+ag)XBR7) (521

find that B(B*—»'K*) is enhanced from (0.9-1.0) in Egs. (5.3 and (5.4) is enhanced whenNg" 3=(N§ﬁl4

X 107° to (2—3)x1075. The latter result is in agreement =2. It is evident from Fig. 8 that the measurementBS¥
with [24] (see the lower set of curves with negatii/‘fgz in — 7'K%is well explained in the present framework based on
Fig. 17 of[24]). The enhancement is due mainly to the run-the standard model within the allowed rang®&&(V+A)

ning strange quark mass at=m, and SU3) breaking ef- <0.23 extracted fronB*— ¢K™=. Contrary to some early
fects in the decay constantg and fg. From Fig. 6 we see claims, we see that it is not necessary to invoke some new
that (i) in the absence of the anomaly contribution to mechanisms, say, the $8)-singlet contributionS’ [43], to

(7' [syss|0), the branching ratioéhe upper set of solid and
dotted curveswill be further enhanced in a sizable wéyf
course, it is erroneous to neglect such an anomaly effect
(i) the contribution ofcc conversion into thep’ becomes
destructive when N®7<0.28. This is understandable be-
causea, becomes negative at small values df\lﬂf? so that

the termazxf:BK'”/) contributes in opposite sign to the pen-
guin amplitudes. Therefore, the charm content of iHeis
not welcome for explaining8(B— »’K) at small 1N§ﬁ.

Thus far it has been assumed in the analysiB-of 'K

~~o
~-
-~

that the nonfactorizable effects lumped imtovia (Ng‘ff ; are
the same foi=1,2, ...,10. However, we have pointed out
in Sec. Il thatNE"(V— A) in hadronic charmlesB decays is
most likely very similar to that irB—Dr, namely,Nﬁﬁ(V
—A)~N(B—Dm)~2. In fact, we just showed that the
charm content of they’ will make the discrepancy between

Br (B® > K° 77)x10°

094005-14
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FIG. 8. Same as Fig. 7 except B — 7' K°.
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explain the data. The agreement with experiment provideseliable. It is conceivable that when errors are improved and
another strong support foMS"(V—A)~2 and for the rela- refined, the two values will converge eventually.

tion NEf(V+A)>NEf(V—A). As for the decay B* We have also studied the decas— 7K, 7'K*, 7K*.
— 7'K*, the predicted branching ratio, sayx40° 5, atour ~ 'he decay amplitude oB— 7K is the same a8— 7'K
preferred Va|ud\|§ff(v+A)~5 (see Table) is compatible except for a trivial repl.acement of the index ,by 7. As a
with the data, though it is on the lower side. For a slightly 9eneral rule, the factorizable amplitudeft- 7)K* can be
enhanced decay constaff},~—15 MeV, as implied by a obtained from the— 7K one kg)/(i) replacing the term
recent theoretical estimatf56], we obtain B(B— »'K)  Mp/[(My+mz)(mg—my)] by —mp/[(my+my)(ms+my,)]
=(4.6-5.9)x10°° at 1,N§ﬁ(V+A)s0.2, which agrees and the indexK by K* and (ii) dlscqrd|ng the $—P)(S
with experiment very nicely. Note that the CLEO data of + P) contribution associated with(®7 K For example,
B*— »'K= andB®— 'K are in good agreement within one the decay amplitude & — 5’K* ~ can be easily read from
sigma errofsee Eq(5.2)], though the charged mode is more Eq. (5.3 to be

Ge

V2

A(B™—7'K* )=

(vubv;s(alx<B"’vK*>+ a X (B 7') 4+ q X (B2 Ky Ly Vvx @ X(BK )

1 1 1
agta,—ast 5a7~ 589~ 5210

2
u
1_2)
S
fﬂ,

XBK" 7)1 (ag—ag—a;+ag) XK 7"

! *
— ViVl (ag+a)XB7 K+

2
—|a _Ea _ My X (BK*.7")
® 278 my(m,+my) s

+

1 1
2az—2ag— §a7+ Eag

mg

(ms+ mu)(mb+ mu)

+ a4+ aig— 2(a5+ ag)

with — n'K*) is about twice larger than that &— »'K, which
is certainly not the case in our calculation. The ratios of

K _ , _ various decay rates are predicted to be
X(B7" K =(K*~|(SU),_,0)(#’|(Ub)y_alB) Y P

= = 2fx My« FE7 (M) (2 i),
B(B—7'K) |72 B(B—zn'K*) [0.06 charged,
B(B—7K) |296, B(B—pyK*) [0.02 neutraB,

Xg" 7= ('@, JOXK* ~|(SD)y-alB7) 529

= =21, m AZ(m? ) (- pg),
for positivep. The destructivéconstructive interference be-
I * , _ _ By K BK, () . .
X(B.7'K >E<,7 K * |(§J)V7A|0><0|(Ub)va|B ). tween the termX(B7 )andae),(g K )explalns the ratio
(5.23  B(B—7n'K)/B(B— 7K): XEX") has a sign opposite to

o _X(SBK”’) as one can easily see from the wave functions of the
From Table | we see that the electroweak penguin diagram is

generally small due to the smallness of its Wilson coeffi-7 and »’, Eq. (5.11. Since the sign ofas
cients, but it does play an essential role in the dedys flipped in B— n(')K* decays, the interference effect be-
—yK* and B’— 7K°. It is interesting to note that the comes the other way around: constructiveBin: nK* and
branching ratios oB— 7()K®*) are all less than x10°>  destructive inB— »'K*.

except forB— #'K, which has a very large branching ratio, To discuss the decayB— 7V m(p), we considerB™

of order (4—6)<10 °. It has been argued if89] that B(B —n'a~ as an illustration. Its decay amplitude is

x O .
XEK7 ) s
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G ! ! ! !
AB —n'm )= Tg(VubVSd(alx(B” Mot apX BT+ 28, XB ™) 4V VE @, X BT )
* ) m’ (By',m)
—VipVig a4+a1°+2(a6+a8’(md+mu)(mb—mu) X
+|ag-ag+ ~a;-~a XB7™7) 4 (@3- ag—a;+ag) XB™ ")
3 5 2 7 2 9 s 3 5 7 9/ N¢
+| 2a,+ 22,91+ 4(ag+ ag) m X(®:7'm
ETT T T (my—my) (my+my)
1
+ 2a3+a4—2a5—§(a7—a9+a10)
2 S
1 m, f ,
tla——agn|—2 |2 _ | x(Bm.7") _
% 2a8>ms(mb—md) ( Y L 529

where
1
o cos 6+ % sin 6
r",:m cos 6— /2 sin 6
and

X7 m=(m7|(du), ,]0)(’|(Ub)y-alB")

=if (Mg —m2,)FE” (m3),

XE™=(5'|(qq), |0} |(db)y_alB")

(5.26

—i 2 2\pBm/ 2
=if],(mg—m2)Fg"(m,),

X(BJ}IT")E< 7' W7|(EU)V7A|0><O|(Ub)V7A| Bi)'

(5.27

TABLE |. Branching ratios averaged over-conjugate modes for charmless decays to thep’ and », where “Tree” refers to
branching ratios from tree diagrams only, “Tre@CD” from tree and QCD penguin diagrams, and “Full” denotes full contributions from
tree, QCD, and electrowedEW) penguin diagrams in conjunction with contributions from the pro@ss 7,. Predictions are fok?
= mﬁlz, 7=0.35,p=—0.12(the first number in parenthesesd »=0.34,p=0.16 (the second number in parenthesde decay constants
f¢,=—6 MeV andf$=—2.4 MeV are used. The effective number of colors is taken eV — A) =2 andNE(V+ A) =5. The running
quark masses ai=m,, are given by Eqs(2.13).

Decay Tree TreeQCD Treet QCD+EW Full Expt.[18]
B*—p'K* 1.48x10°7 (3.56,3.33x10°° (3.42,3.20x10°° (3.99,3.74x107° (6.5'15+0.9)x10°°
B*— K™ 4.18<10°7 (0.59,1.27x10°8 (3.91,7.10x10°7 (3.88,5.17x10°7 <1.4x10°°
B*—p'K** 2.44x10°7 (3.66,4.00x10°7 (3.54,4.62)x10°7 (5.73,3.53x10°7 <13%x10°°
B*— pK*~ 5.98x 107 (6.42,4.09)<10°© (8.30,5.58)x10°© (9.22,6.32)x10°© <3.0x10°°
B*—gp'w* 2.13x10°8 (1.47,2.53x10°8 (1.49,2.5110°8 (1.52,2.75)K 10 <3.1x107°
B *—pw* 6.06x10°8 (4.16,7.11x10°° (4.11,7.22x10°° (4.14,7.38x10°°© <1.5x10°°
B*—p'p” 4.44x10°® (3.93,4.69x10°8 (3.94,4.68)x10°8 (3.87,4.88x10°° <4.7x107°
B*—yp” 1.08x 10 (0.98,1.13x10°° (0.95,1.14x10°° (0.95,1.15)K 105 <3.2x10°°
By— 7'K° 5.38x107° (3.20,3.23x10°° (3.00,3.03x10°° (3.52,3.55x 10°° (4.773(+0.9)x10°°
Bg— 7K° 2.05x10°8 (3.99,5.54)x 1077 (1.62,2.57x10°7 (0.64,1.20x10°7 <3.3x10°°
By— 7' K*© 4.49x10°° (1.33,3.29x 1077 (1.46,4.56)x 1077 (2.40,0.87x 1077 <3.9x10°°
Bg— 7K*° 1.75x10°8 (5.19,3.70x 10°© (6.99,4.69% 10°° (7.85,5.40x 10°© <3.0x10°°
By— 7' @° 2.14x10710 (1.75,1.10x 1077 (1.34,0.85x 1077 (1.87,1.27x 1077 <1.1x10°°
By— 7 1.01x10°8 (3.99,2.97x 1077 (3.77,2.83x 1077 (4.09,3.11x10°7 <0.8x10°°
Bg— 7' p° 1.34x10°8 (3.43,1.81x10°8 (2.85,1.65)x 108 (2.15,1.83x10°8 <2.3x10°°
Bg— 7p° 1.99x10°8 (4.27,9.07x10°8 (3.14,5.84x 1078 (3.11,5.36)x 108 <1.3x10°°
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In deriving Eq.(5.25 we have applied the matrix elemetfts

(7' [uysul0)=(7'[dysd[0) =T, (7'[SysS|O),

with r,, being given by Eq(5.26.

Since VypVig, VeoVag, VinViy are all comparable in
magnitude[cf. Eqg.(3.19] and since the Wilson coefficients
of penguin operators are rather small, it is expected Bhat
— 72, 7()p are dominated by spectator diagrath§rom
Table | we see that this is indeed the case except for the,
decay mode8°— 5" #° which are penguin dominated. To
compute the decay rate &— 7w (p) we have applied the
matrix element n[uysu|0)=r,(7[Syss|0) with

2fo—f5 cosO— \/Esma

2\/7

(5.29

My
OSG-’-—SInH

PHYSICAL REVIEW D 58 094005

of the ' except for the deca®— ' 7. In general, the

decay rates oB— 77( )7r(p) are not sensitive to the values of
NEf(v—A) and N&f(V+A) and do not vary significantly
from channel to channel:

B[B*— 5"V m(p)]~(3-10x 10",

(5.30
that BIB— nm(p)]|>B[B

B[B°— 5 ar(p)]~(0.2-4x 107",

It is interesting to note

=n'm(p)].

VI. DIFFICULTIES WITH B —-K w

Up to now we have shown that CLEO results on hadronic
charmlessB decays can be satisfactorily explained provided
thatNET(V— A)~2 andNE™(V+A)=O(4). However, there
is one CLEO measurement, namely, the deBay— wK™,

\/E which is beyond our explanation and hence may impose a

, _ ) o ) potentially serious difficulty. In this section we will first ex-

The mechanism ofcc—7, is less significant inB  nre the problem and then proceed to suggest some possible
()zr(p) decays because it does not gain advantage frorsolutions.

the quark mixing angle as in the caseBf> 7K (K*). We The decay amplitude 0B~ — wK ™~

see from Table | the minor role played by the charm contenB™— w7~ and has the expression

is very similar to

Ge
V2

- thvt*s

AB " —wK™)=

a4+ alo_ 2(a6+ ag)

VubV:S(alX(Bw,K)_l_ azx(BK,w) + alx(B’Kw))

mg
(mb+ mu)(ms+ mu)

(Bw,K)

1
+ §(4a3+4a5+ a.7+ ag)X(BK'w)

+

where

1%The matrix element’ [Uysu|0) can be obtained frof63] and
it is slightly different from the corresponding one [i52,51:

fg cosf9+ —f, sin g

2
fg cos 60— \/Efo sin 6
S

== ——(n [5755]0).

(n'[uysul0)= (n'[Syss/0)

UThe branching ratios oB— ()7, 5()p are largely overesti-
mated in[40,50 as the incorrect matrix elemekit;’ [uysu|0)=
fimf,,ff],/(Zmu) is applied there.

asta—2(agtag)

mé X(B,Kw) (6 1)

(Mp+mg)(Mms+m,) ' |
[

X(BeK=(K~|(su), ,[0)w|(Tb), |B7)

= —2fxm, AS°(mZ) (& - pg),
X(P=(w| (T, ,0)(K"|(Sb)y-AlB7)

=—2f,m,FF*(m?)(e- ),
X(B,wK)E<wK7|(§J)V7A|O><O|(Ub)V—A| B7).

(6.2

We see from Fig. 9 that the calculated branching ratio using
NET(v—A)=2, FBX(0)=0.34, andAB“(0)=0.2842 [7] is
too small compared to experimei@4]:

B(B*—wK*)=(1.5"

31+0.2x1075. (6.3
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FIG. 9. The branching ratio &* — oK™= vs IN(V+A) with FIG. 10. Same as Fig. 9 except tHaf"(V+A)=N(vV—A)

NET(V—A) being fixed at the value of 2. The solid and dashed=NE".
curves are forp=0.34, p=0.16 andn=0.35, p=—0.12, respec-
tively. The solid thick lines are the CLEO measurements with one

. VII. DISCUSSIONS AND CONCLUSIONS
sigma errors.

For a given effective weak Hamiltonian, there are two
In fact, all the region of MS™(V+A)<0.9 is excluded. Nev- important issues in the study of the hadronic matrix elements
ertheless, ifN(Caff(V_A) is taken to be the same a&ﬁ(v for I_nor':_leptonlti decgys r?f hea(\j/y mejons: O?Gf[hls thet r_enolr-
+A), then a rather small value ofN§"<0.05 is experimen- matization scale and scheme dependence ot the matrix ele-
tally allowed[24,27 (see Fig. 10 In other words N is ment, and the other is th_e nonfactqrgab]e effect. For _the
ferred to b ' | 'ﬁ;r KE | " former, we have emphasized that it is important to first
preterred to be very farge | e N OUT OpINION, = o\ 4 1yate the vertex and penguin corrections to the matrix
however, a very large value &f; (V—A) is rather unlikely

s » ) . element of four-quark operators at the scaleso that
for several reasonsi) A small N (V—A)~2 is favored in (O(1£))=9(1)(O)yee and then apply factorization or any

other charmles8 decaysB— 7w, 7w andB— 7K. (i) It model calculation tdO)yee. The resulting effective coeffi-

will Igad to a'lr:o?1 large I:1onfafctoriz.<51blgI terg\, whié:h is r;lo't cients C;eff: ci(w)g(x) are renormalization-scale and
consistent with t e small non actorizable e_eCt observed iNg-hame independent. We pointed out that Whﬁgfz
the spectator amplitudes &— D 7 and the picture that the o *

~ L = -
nonperturbative feature of nonfactorizable effects is loose in C12(p) at p=my(my) for current-current operators, the

the energetic two-body decays of tBemeson, as we have real parts otS" , are about one and half times larger than the
elaborated beforésee the end of Sec. VIt thu,s appears to Ieading-c_)rder penguin Wilson coefficients. This_means that
us that the observed large decays rat8df- wK * is attrib- to describe the hadronic charmleBsdecays dominated by

uted to other mechanisms rather than to a very large value (Henguin diagrams,_it s necessary and inevitable to take into
neff account the penguin corrections to the four-quark operators.
o -

So far we have neglected three effects in the consideratiogfggfi/cl?rézeigsseéfaerft‘:’)énpg?:;g;;igztr;ﬁ tzlcrer;nser:;[fs tﬁ;

of B*—wK™: W annihilation, spacelike penguin diagrams, . off .
and final-state interaction&SI9; all of them are difficult to effectl.ve pumber of color\, ,.|n.the so-called generalized
estimate. In order to understand Whi(B*— wm™) factorization sgheme; the deV|at|.on oﬁ\[ﬁﬁ from 1IN, (N,
<B(B*—wK™*) experimentally, we need a mechanism =3) characterizes the nonfactorl_zak()elﬁe effect._We show that,
which will only enhance the latter. It appears that FSIs maycontrary to the common assumptidw,"(V +A) induced by
play this role. Sincd8~— wK ™~ involves only a single iso- the (V—A)(V+A) operatorsO5ﬁ6,7,8 are theoretically and
spin amplitude, inelastic scattering will be the dominant ef-€xperimentally different fronNG"(V—A) generated by the
fect of FSls. For exampléy—ccs andb—uus modes can  (V—A)(V—A) operators. The CLEO data &~ —wm™

mix with each other so that the decBy — wK ™ arises ei- available last year clearly indicate thaf"(V—A) is favored
ther from b—ccs or indirectly throughB~—D°D*~ or  to be small,N(V—A)<2.9. This is consistent with the
D*%D_; (via b—ccs) with a rescatteringD’D%~ (or  observation thaN"(V—A)~2 in B—D decays. Unfortu-
D*°D_) —wK™. For the decayB~— w7, the inelastic nately, the significance B*— w7 is reduced in the recent
scattering B —{DD*} —ww~ is Cabibbo suppressed. CLEO analysis and only an upper limit is quoted. Therefore,
Therefore, it is possible th&8~ — wK ~ receives large FSIs a measurement of its branching ratio is urgently needed. In
from inelastic scattering bulB~— w~ does not. Sinc&®  analogy to the class-lIlB—D 7 decays, the interference ef-
— wK© does not receive contributions frow annihilation, ~fect of spectator amplitudes in chargdsl decays B~

its measurement can be used to test the relative strength be:7 7°,p~ 7°, 7~ p° is sensitive toNS"(V—A); measure-
tween FSlIs and annihilation terms. If the branching ratios ofments of then{see Eqs(3.23] will be very useful to pin
B°— wK® andB*— wK™ are close, this will imply the im- down the value oNE"(V—A).

portance of FSis. Contrary to the nonfactorizable effects in spectator-
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dominated rareB decays, we found tha!Nﬁ“(VJrA) ex- detail. The branching ratios of the spectator-dominated de-

tracted from the penguin-dominated decBy —¢K* is  caysB— (), 7()p were largely overestimated in the pre-
larger thanNﬁ”(V—A). This means that nonfactorizable ef- vious analysis because the matrix eleménf')|Uy5u|O>
fects in tree and penguin amplitudes behave differently. Ivas not evaluated correctly before.

turns out this observation is the key element for understand- Although the CLEO measurements of hadronic charmless

ing the CLEO measurement Bf— 5'K. In the conventional B decays are satisfactorily explained in the present frame-
way of treatingNe(V+A) and N&(V—A) in the same work, we found that it is difficult to understand the experi-
C

manner, the branching ratio &*— 7'K* after including Mental observation that’(B~—wm™)=<I(B~—wK™).

the anomaly effect in the matrix elemenf’[Syss|0) is na- 1 ne calculated branching ratio &~ —wK ™ is too small

ively only of the order of %1075 The running strange compared to experiment. We conjecture that final-state inter-

quark mass ati=m, and SU3) breaking in the decay con actions via inelastic scattering may contribute in a sizable
=m, -

. , toB*— wK™, but are negligible foB*— wx™ due to
stantsfg and fy will enhance B(B— »'K) to the order of way 1o B . .
(2-3)x10°5 with f%,: —6 MeV. This is still lower than the Cabibbo-angle suppression. Clearly this decay mode de

serves further serious investigation and a measurement of the
the central value of the CLEO measurements. Also, theq iral decay modB®— »K® will be very useful to clarify

charm content of they” is not welcome for explaining the q issye.

decay rate oB— »'K at small values of N°". We showed Under the factorization hypothesis, the dec#s> ¢pK

that the fact thatNg"(V+A)>Ng"(V—A)~2 will substan-  andB— K* should have almost the same branching ratios,
tially enhance the branching ratio oB™—7'K™ to g prediction not borne out by current data. Therefore, it is
(3.7-5)x10"° at INg"(V+A)=<0.2. Unlike the previous crucial to measure the charged and neutral decay modes of
analysis, the small charm content of théis now always in  B— ¢(K,K*) in order to see if the generalized factorization
the right direction for enhancement irrespective of the valuesipproach is applicable tB— ¢K* decay.

of 1/N§ﬁ(V+A). The predicted branching ratio oB° To conclude, based on the available CLEO data on had-
—75'K% is in good agreement with experiment and the cal-ronic charmless two-body decays of tBemeson, we have
culation of B*— »'K* is compatible with the data. For a shown that the nonfactorizable effect induced by the (
slightly enhanced‘j},~—15 MeV, as implied by a recent —A)(V+A) operators is different from that generated by the
theoretical estimate, we found that the agreement of the prdV —A)(V—A) operators. This is the key element for ex-
dicted branching ratio foB— 'K with experiment is very plaining the CLEO measurement Bf- »'K.

impressive. It is thus important to pin down the decay con-
stantf,, recalling that the commonly used valii€,|=6
MeV is extracted from experiment within the nonrelativistic ~ This work is supported in part by the National Science
quark model framework. We conclude that no new mechaCouncil of the Republic of China under Grants Nos. NSC87-
nism in the standard model or new physics beyond the star2112-M001-048 and NSC87-2112-M006-018. We are very
dard model is needed to explaBi— »'K. We have also grateful to J. G. Smith and X. G. He for helpful discussions
analyzed charmlesB decays into thep’ and » in some and for reading the manuscript.
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