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In the light of recent experimental data from the CLEO Collaboration we study the dec&yme$ons to
a pair of pseudoscaldP) mesons, and a vect@¥) meson and a pseudoscalar meson, in the framework of
factorization. In order to obtain the best fit for the recent CLEO data, we critically examine the values of
several input parameters to which the predictions are sensitive. These input parameters are the form factors, the
strange quark mas§=1/N.(N. is the effective number of colprthe CKM matrix elements and in particular,
the weak phase. It is possible to give a satisfactory account of the recent experimental resBlts PP and
VP decays, with constrained values o$iagle ¢&. We identify the decay modes in whi@P asymmetries are
expected to be large.
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[. INTRODUCTION strange quark mas#\., the Cabibbo-Kobayashi-Maskawa
(CKM) matrix elements etc., will be carefully examined and
The CLEO Collaboratiofl-5] has recently reported new constraints on these parameters will be investigated. We
experimental results on the branching ratiBs) of a num-  Shall see that it is indeed possible to account satisfactorily for
ber of exclusive decay modes wheBedecays into a pair of all the recent experimental data within our framework. In

| v | addi?ion, we will discussCP asymmetries in th& d_ecays
pseudosca arsH), a vector(V) and a pseudoscalar meson, or and identify the decay modes where (& asymmetries are

- 7 " %Q)ssibly large. In our previous work8,10], we have shown
Ogs‘if"ecifogthej'?t Eme, SUCD Bsom'm, Ko7% om®,  facihe predictions foB— PP andVP modes are sensitive
p-m, pma’, K*=a™, andK* . Improved new bounds 4 several input parameters, such as the form factors, the
have been put on the branching ratios for various mode%CD scale, the parameté=1/N,, the CKM matrix ele-
such aB—K* 7", Ko7, K*7° oK, oh®, andK7'. A" ments, and the light quark masses, in particular the strange
search forCP asymmetries irB—K* 7™, K*a°% K",  quark mass. With the improved recent data, the reselts,
K#', andwm™ has also been performed. £~0) obtained in the previous works are unlikely to be com-

Recently, two works have been done to explain the recensatible with the experimental results. Our main emphasis
CLEO results forB decays: one of them is based on thewas to explain the large branching ratio 8K’ within
flavor SU(3) symmetry[6], and the other one involves the factorization. In order to explain the large branching ratio for
framework of factorizatior{7]. In the latter work, the exis- B— K ', different assumptions have been proposed, e.g.,
tence oftwo differenteffective numbers of coIorNﬁﬁ(LL) large form factors[11], the QCD anomaly effecf12,13,
and Nﬁ“(LR), is essential, and their favored values arehigh charm content imp’ [14—16, a new mechanism in the
NET(LL)=2 andNET(LR)=6 to explain the experimental standard mode[17], or new physics like supersymmetry
data, except foB°—K* ~ 7" andK°#°. without R-parity [18]. In this work we will assume that a

In the light of the recent CLEO data, in this work, we will certain(unknown mechanism igat least in pajtresponsible
analyzeboth B— PP andB— VP with a single parametei for the large branching ratio f@— K’ and hence will not
in the framework of generalized factorization, in order toConsider the decay modes having in the final states.
find satisfactory explanation compatible with all the recent We organize this work as follows. In Sec. Il we discuss
experimental results. Our approach will be different fromthe effective Hamiltonian and obtain the effective Wilson
that of Ref.[7]. Similar to the case dB—D (i.e., heavy— coefficients at the scaley, for bothb—s andb—d transi-
heavy decays, we will assume only onmiversal¢=1/N,  ons. In Sec. Il we describe the parametrization of the ma-
(N, is the effective number of colpin the analysis of both X elements and define the decay constants and the form
B—PP andB—VP(P andV arelight mesons It has been factors. In Secs. IV and V the two body decads-PP and
shown that inB—D decays a singlé can satisfactorily ex- B—VPare analyzed in the framework of factorization. The
plain experimental data for boA— PP (such asDw) and CP asymmetries in th@® decay modes are also discussed.
B— VP (such asDp) [8]. In order to achieve this goal, the Finally, in Sec. VI our results are summarized.

values of all the input parameters, e.g., the form factors, the .. DETERMINATION OF THE EFFECTIVE WILSON

COEFFICIENTS

*Email address: b-dutta@rainbow.physics.tamu.edu The effective weak Hamiltonian for hadroni® decays
TEmail address: scoh@kimcs.yonsei.ac.kr can be written as
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whereL(R)= (1 ys)/2, f can beu or c quark,q can bed or
s quark, andg’ is summed oveu, d, s, andc quarks.a and
[ are the color indicesT? is the SU(3) generator with the
normalization Tr{9TP) = 5%P/2. G#” andF~” are the gluon
and photon field strengtlt;’s are the Wilson coefficients
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where a., is the electromagnetic coupling amdg is the
number of active quark flavors.

The anomalous-dimension matrice§” and y*) deter-
mine the leading log corrections and they are renormaliza-
tion scheme independent. The next to leading order correc-
tions which are determined byyY and ¥ are
renormalization scheme dependent. Hi&have been deter-
mined in Refs[19,20Q.

We can expres€(u) (where u lies betweenM,, and
m,) in terms of the initial conditions for the evolution equa-
tions

Clu)=U(u,My)C(My). ®)

C(My)’s are obtained from matching the full theory to the
effective theory at theM,y scale[20,21. The WC’s so far
obtained are renormalization scheme dependent. In order to
make them scheme independent we need to use a suitable
matrix T [20]. The WC'’s at the scalg=m, are given by

(WC's). O4, O, are the tree level and QCD corrected opera- 6(,4;) =TU(m,,Mu)C(My).

tors. O3_¢ are the gluon induced strong penguin operators.

O7-1p are the electroweak penguin operators dug¢ ®ndZ  The matrixT is given by

exchange, and the box diagrams at loop level. In this work

we shall take into account the chromomagnetic operator

0,1, but neglect the extremely small contribution fr&g,. T=1a7T s 1%
The dipole contribution is in general quite small, and is of S4m  C4rm’
the order of 10% for penguin dominated modes. For all the

(6)

@)

other modes it can be neglected. The initial values of thgynarer depends on the number of up-type quarks and the

WC'’s are derived from the matching condition at timg,
scale. However we need to renormalize thgi®,20 when
we use these coefficients at thg, scale. We will use the
effective values of WC'’s at the scajg=m,. It has been
shown that inBB— PP case there is very littleze dependence
in the final state$9].

We obtain thec;(u)’s by solving the following renormal-
ization group equation:

T2
C(mi/u2g2)= <2g ettt a0

)

( d d
_E—Fﬂ(as)r“s

wheret=In(M%/x?) andC is the column vector that con-
sists of ¢;)’s. The beta and the gamma are given by

down type quarks, respectively. Thiés are given in Ref.
[20]. In order to determine the coefficients at the scale
<my, we need to use the matching of the evolutions be-
tween the scales larger and smaller than the threshold. In that
case, in the expression far we need to usér instead off,
wheresr = yd—lud-1 (Whereu andd are the number of up
type quarks and the number of down type quarks, respec-
tively). The matrix elements@;'s) are also needed to have
one loop correction. The procedure is to write the one loop
matrix element in terms of the tree level matrix element and
to generate the effective Wilson coefficieng2]:

a o
(6i0)=20 ci(w)] 8+ z-mij + 7 7m (0)"= (®)
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TABLE I. Effective Wilson coefficients for thé—s transition  effective Wilson coefficients at the scatg, andm,/2 for the

at the scaleg.=m, andmy/2. processb—sqaq Values forb—dqq can be similarly ob-
tained. These coefficients are scheme independent and gauge

WC's #= My P= M2 invariant.
cef 1.149 1.135 Since the color octet contribution is neglected in factor-
cgff ~0.3209 ~0.282 ization approximation, we keeg=1/N; as a variable. As
cef 0.02175-0.00414 0.0228718 0.004689 an example, let us con5|d§r theqéuzirk contribution of the
cef — 0.04906-0.01242 — 0.051144- 0.004689 qperatpros to the procesﬁ_ oK. Ther(i areotﬂo con-
e 0.01560+0.00414 —0.051144- 0.004689 figurations: (part 1)=(K™[sy,(1—¥5)b[B")}(7[uy,(1
ce  —0.06063-0.01242  —0.0653549-0.0140678 + ¥s)u|0). For (part 2, we need to Fierz-transform the op-
c$ff —0.000859-0.000073 0.00122773-0.00005724 eraE;r Og to —3{(1/NC)[U(1— vs)b][s(1+ ys)u) ]+ (1/
g 0.001433 —0.0000953211 2)[u(1—ys)Acb][s(1+ ys)Aoul}l, where N is the color
ce  —0.0114870.000078 —0.0120155 0.0000572433 matrix. Only the(part 1) contributes in the factorization ap-
s 0.003174 0.00218628 proximation. In order to account for this color octet term
(part 2, one needs to maké a free parameter.
cfff El Ill. HADRONIC MATRIX ELEMENTS IN
ceft - FACTORIZATION APPROXIMATION
2 2
off —PJ3 The generalized factorization approximation has been
Cs €3~ Fs quite successfully used in two body decays as well aB
ceff Cat Py — D decayq8]. The method includes color octet nonfactor-
off — izable contribution by treating=1/N. as an adjustable pa-
Cs | G P43 ) rameter7,9,10,13,15,16,23In this work one of our goals is
Cgff N gﬁ+ =) ' to establish the range of value okmgle ¢ for the best fit in
off o both B—PP and VP decays, wherd® and V are all light
¢7 C7+Pe mesons such as, K*), p, w, and .
ceff o Let us describe the parametrizations of the matrix ele-
:” 8 ments and the form factors in the caseBfPP and VP
Co Co+ Pe decays:
eff —
€10 C10 (P(P")IV,.IB(p))
where , mé—m% , mé—m,% ,
* = (p +p),u, 2 q,u Fl(q )+—2q,u|:0(q );
P dg— Vvacq 1O+G 2 q q 12
==—Col o | o m
S 87TC2 thV;\‘q 9 ( o M0 ) ( )
VUbV:q 10 ) <V(6:p,)|(VM_A#)|B(p)>
+ | o+ G(me, w02 ||, (10)
thvtq 9 2 . . B 2
— 14 A/ _ +
N mB+mvleuvaB€ p p V(q ) (mB mV)
P —2om G+ oyl wevea( 20 g )
€ 977 L 2 thvr[kq 9 C’M,q € —(G*q)q A (q2)+ (6*'q)
" " > Ht mg+ My
VipVig( 10 )
ViV g T G(Me, 1,09 | mz—m?
t ’
a X[ (p+p')u— s’ Ax(q?)

Here V;; are the elements of the CKM matrixn, is the
charm quark mass amd, is the up quark mass. The function 2my
G(m,ux,q°) is given by —(€* -Q)?qqu(qz),

m?—x(1—x)g? _
5 , (1))  and the decay constants, andfy,, are given by

OlA,|P =if , {(O|V,|V(€,p))=ifym ,
where g is the gluon momenta in the penguin diagram (OlALIP(RN=ifep,., (O[V,IV(ep))=ifymye, (13)

[15,22,26. In the numerical calculation, we will usg?
=m§/2 which represents the average value and the full exwhereP, V, V,,, and A, denote a pseudoscalar meson, a
pressions forPg.. In Table | we show the values of the vector meson, a vector current, and an axial-vector current,

1
G(m,,u,qz)=4fO dxx(1—x)In
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respectively.p(p’) and mp(m,) are the momentum oB
meson P or V) and the mass oP(V), respectivelyq is 1.2
given byg=p—p’ ande, is the polarization vector o¥.
Note that F;(0)=F4(0) and we setF(q?=m3)=F(q?
=0), since these form factors are assumed to be pole domi
nated by mesons at scal%. Among all the form factors in
the(V(e,p’)[(V,—A,)|B(p)) matrix element, onlyA, sur-

BR(B0—>1Et n;) % 105

vives when we calculate the fuB— VP decay amplitude. 0.6
The A, is related toA; andA,: o
An(O mB+mVA 0 mB_mVA 0 14 0 0.2 0.4 0.6 0.8 1
o()—z—mvl()z—mvz()- (14 : e :
For our numerical calculations we use the following val-  FIG. 1. Branching ratio forB°— "7~ as a function ofé¢
ues of the decay constar(is MeV) [8,10,28: (=1N,). The solid line: F5~7(0)=0.33, FE~K(0)=0.38, y
=60°, and my(m,)=106 MeV. The short dashed IinEE””(O)
f,=132, fx=162, f,=215, f,=215, =0.33, FEX(0)=0.38, y=11, and my(m,)=106 MeV. The
dot-dashed lineF2~7(0)=0.26, F57¥(0)=0.29, y=11C, and
fx=225, f4,=237. (15 my(my)=106 MeV.

For the values of the form factors, two different sets, based . o .
on the Bauer-Stech-WirbBSW) model[24] and light-cone  c00Sing the form factoré=g " 7(0)=0.33 andfg “(0)
QCD sum rule analysif25], have been often used in litera- —0-38 based on the BSW modely=Arg(V};) =60,
ture[26]. In our analysis, to achieve the best fit, we treat theMs(Ms) =106 MeV, V¢,=0.040, |Vyp/Vey|=0.087, and
form factors as parameters in a certain range of values whichYtl=0.004. The short dashed line then corresponds to the

are reasonably consistent with the frequently used value§ase of choosing’=110" and the other parameters are the

F8~7=0.33,FE~K=0.38 obtained in the BSW model, and corresponds to the case of choosing m,) =85 MeV, while
AB~P=AB=®—=0.4. Then, to find thesingle ¢ consistently the values of other parameters are the same as in the solid

explaining the experimental data, we vary the values of théi?]e case. For_t?&d'\(/l)t's%hgds:ﬁ \I;)ng dash_edl Iine_s,h we
form factors in a certain range as well as other parameter§, oosem(m) = evian eV, respectively, wit

B—mw _
such as the CKM weak phageand the strange quark mass Smaller values of form factorsky ""(0)=0.26 and
M.

FE~%(0)=0.29, andy=11C. Thus, by comparing each line

with the solid line, one can easily see how the decay rate for

any mode changes as a particular parameter, such @s

ms, changes. Note that in Fig. 1 f&— 7" 7~ decay, the
Here we consider the decaBs— 77 andK 7. The CLEO  dot-dash-dot and long dashed lines are identical to the solid

collaboration has made first observations of the decay modesnd dot-dashed lines, respectively, since the amplitude for

B— "7 andK’#P, and has presented improved measure-

ment of BRs forB—K*7* and B*—K%r* and B* -

IV. B DECAYS INTO TWO PSEUDOSCALARS

—K* 7% as follows[2]: 3 ™~ N
B(B’— 7t 7 )=(4.3"15+0.5%x10", (16) 32-5 I o
B(B—K*7¥)=(17.2'53+1.2)X 10", 25 2

A -
B(B* —K*7%)=(11.63%"19x 107, +§1.5 e -
B(B*—K%7*)=(18.2"35+1.6)x 10 ¢, A ~ = \
B(B°—KO7%) =(14.6" 29739 x 10°C. 0 0.2 0.1 0.6 oi; — g
In Figs. 1-5, we plot the BRs averaged over particle-
antiparticle decays for the modes" 7, KO7=, K=#~, 5
K*7°, andK®#® in final states as a function df=1/N,, for FIG. 2. Branching ratio foB*—K°z* as a function of&

m=my. In these figures, we use five different kinds of lines(=1/N,). The long dashed line:F2~7(0)=0.26, FE~X(0)
corresponding to different values of parameters, in addition=0.29, y=11¢, and my(m,)=85 MeV. The dot-dash-dot line:
to thick solid lines representing the experimental upper an@§~"(0)=0.33, F5¥(0)=0.38, y=60, andmy(m,) =85 MeV.
lower bounds. The solid line corresponds to the case ofhe definitions for other lines are the same as those in Fig. 1.
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FIG. 3. Branching ratio foB°—~K*7* as a function of¢

. . 0 100 .
(=1/N,). The definitions for the lines are the same as those in Figs, FIG. 5. Bran(_:h_lpg ratio forB —K%7" as a function ofg )
1 and 2 (=1/N,). The definitions for the lines are the same as those in Figs.

1 and 2.

this decay mode does not dependmq Similarly, in Fig. 2 gp ¢ B0,k * 7% averaged over particle-antiparticle de-
for B*—KO%r* decay, the short dashed line is identical tocays as a function of for w=m,. This decay mode is
the solid line since the amplitude for this mode receives CONg o hsitive taeB— ™ y, andm, . In theb .case of the long dashed
. . . . . . 0 y y S
:)r;b;mon from the penguin diagram only and is mdependenﬁine’ the allowed values of are £<0.6, which are consistent
, _. . o with those inB°—#*7~ and B*—K°#*. Similarly, in
The decay rate foB®— "~ is proportional tqFy 7|2 Figs. 4 and 5, we plot the BRs fa¢* 7% and K°#° ir¥the
and is sensitive to the value of the form factor. In Fig. 1, ONEi | states as: a function @ffor u=m,. These modes de
B¢ - ' -
can see that the BR decrea_ses, as the valuEyof _de- pend onFE~ 7, FE~K 'm_ andy. In the long dashed line
creases and/or the value ofincreases. In order to fit the . . £=0.88 and¢=0.47 are allowed foB—K*#° and
E)é&efmental upper limit on the BR for.th|s mode, a smaller 970, respectively, and are consistent with those in the
0 anpl a largery (dot-dasged line, identical to the long 4p,4,e decaysFigs. 1-3. Therefore, we conclude that the
dashed lingare favored. FoF; ""(0)=0.26 an97=101617 long dashed linegthe dot-dashed line in the case Bf
the values 0£=0.44 arBe_illgwed.. The rate f@~ —K 7~ _, 7+ 77} in Figs. 1-5 represent the possible solution com-
is also proportional toF ;7| “ and is sensitive tong as well.  patible with all the experimental limits on the BRs for decay
Figure 2 shows that the BR increases, as the vaILJéSﬁT” modesnt 7, K7™, K* 77, K* 7% andK?# in the final
increases and/or the value mf decreases. In order to find a states. The values df allowed by the data are those near
solution consistent wittB°— 7" 7=, F5~™ should not be ~0.45. (In fact, we shall see that the long dashed line can
too small and smallems is favored(long dashed line For  also consistently explain all the experimental data Bor
FEH”(O)=0.26 andmg(my) =85 MeV (long dashed ling  — VP considered in next sectionNote that the mode8
the allowed values of are ¢<0.45. However, for larger — =7, K%7=, and K°#° provide strong constraints on
m¢(my,) =106 MeV (dot-dashed ling the allowed values of the values of¢ to satisfy the data. In particular, the data on
¢ are smallert<0.15 and these values gfare not allowed the modeB— 7" 7~ andK®#™= put very tight limits on the
by the dot-dashed line f@°— 7' 7. In Fig. 3, we plot the allowed values of¢. Hence, an improved measurement of
these modes will be important in testing the framework of

1.6f< factorization.
The experimental bounds on the BRs for decBys PP
O 14 provide constraints on the parameters. The favored values of
- the parameters are
%1, FB-7(0)=0.26, FEX(0)=0.29 1
+M — 0 ( )_ . ’ 0 ( )_ . ’ ( 7)
A
w1 y=110, my(my)=85 MeV,
&
B — = Vep=0.040, |Vyy/Vep|=0.087, |V,4l=0.004.
T~ Current best estimates for CKM matrix elements ¥ig
0 0.2 0.4 0.6 0.8 1 =0.0381+-0.0021 and|V,,/V.p|=0.085-0.019 [27]. The
§ CLEO has recently made the first determination of the value
50 L
FIG. 4. Branching ratio foB*—K*#° as a function of¢  Of ¥= 11322;0 by any method other than the unitarity tri-

(=1/N,). The definitions for the lines are the same as those in Figsangle constructior{2,28,29. The favored values for the
1 and 2. CKM matrix elements in our analysis above are chosen to
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TABLE II. The branching ratios §) and theCP asymmetries  used the quark masses at ting scale. The magnitude of
(Acp) for B decay modes into two pseudoscalar mesons at a repreduces from 150 to 106 MeV and from 116 to 85 MeV at
resentative value of=0.45. Charged conjugate modes are implied. the m,, scale through 3 loop QCD and 1 loop QED RGEs.
The experimentaldcp's represent 90% confidence level intervals. The magnitudes of the other quark masses &ndm,) also
depend on the strange quark mass. Satisfying the constraints

Decay . Experimental Experimental  fom Eq. (19), the values ofng we have used are 5.9 MeV

modes B (107  B(107) Ace Ace (corresponding tang,=150 MeV) and 4.7 MeV(correspond-
Bt — a7t 0 4.38 <12.7 0 ing to mg=116 MeV) at them,, scale. Similarly, the values
BO—nmta™ 6.00 43'1%+05 -0.11 of m, we have used are 3.4 Me\torresponding tamg
B KOK* 011 <57 0 =150 MeV) and 2.8 MeV(corresponding tans=116 MeV)

at them, scale.

B*-K*#® 1014 1163914 —0.061 [—0.70,0.14 The difference inm; affects the BRs for thdB— 7K
B* KOz 1334 182%%+16 0 Todzes, since the amplitudes contain a factor sucth_s
B K*m~ 1500 17.2°2%x12 —0.066 [—0.35,0.27 =M/ ((my+my)(mg+my)). On th_e qther hand, changes in
BO_, K070 8.70 14675924 —0.01 my or m, do not affect the BRs significantly. In the case of

|AS|=1 decaysm, or my can always be neglected com-
pared tom, or mg in the factorX. In the case ofAS=0
get the best fit for the experimental limits on the BRs for thedecays, the tree contribution is large compared to the pen-
decay processeB— PP andVP. We find that, if|V,,| in-  9uin contribution and the factor similar % appears only in
creases, the rates for* 7~ and wh(h=mK) increase, the penguinterm. Hence the effect is small. For example, the
while the rate fork “ 70 decreases. Also itV increases, BR for B°— 77~ changes from 6.0010°° to 6.10
then the rates forr= 7~ andK*#° increase and the rate for X 10_° at£=0.45, when one changes thg from 5.9 MeV
wh decreases. to 4.7 MeV (changing them, mass as well Similar results

In Table II, we present the BRs and tfi® asymmetries Nold true also in thé— VP case.
for B— PP decays at a representative valuetef0.45.(We
shall see that the values éfnear&~0.45 are favored to fit
all the data). Available experimental values are also pre- V. B DECAYS INTO A VECTOR AND A PSEUDOSCALAR
sented. The BRs for all the modes are compatible with the
present experimental data. TR asymmetry, Acp, is de-

We now analyze the decay proces&s VP which in-
clude B— wm(K), pm(K), ¢m(K), andK* 77(K). The re-

fined by cent measurement at CLEO has yielded the following
B B(b—f)— B(Hﬂf_) . bounds[5]:

P Bb—f)+Bb—T)’ BB*—wr®)=(11.3"33+1.49x10°5 (20
whereb andf denoteb quark and a generic final state, re- B(B*—wh™)=(14.3'35x2.00x10°¢,
spectively. The recent CLEO search foP asymmetries in
B—Km decays has found:—0.70<Acp(B*—K*7°) B(B* —p%7*)=(10.4"33+2.1)x 10" ¢,
<0.16, —0.35< Acp(B°—K*7¥)=<0.27 at 90% confi- '
dence limit (C.L.). The expectedCP asymmetries inB B(B%—p* 7™ )=(27.6"89+4.2x10°°,

— PP decays are generally small and range frerti1% to '
0. o _ B(BO—K**7)=(22"8"4)x 1075,
The BRs in this analysis have been evaluated at the scale
m, . However, if we had chosen the QCD scale my/2,the  gnd
result would not change mud®]. We also see that the fa-
vored values of parameters involve a lighter strange quark B(B*—wK*)<7.9x10° 8, (21
mass. This, however, is in accordance with the latest trend of
lattice resultd30]. The ratios of the quark masses are much B(Bi_>¢|<i)=(6_4f§:§fg:g) x 1076,

better known than the individual masses. For exarhpig,
whereh® denotesr* or K=, and the BR foB’—p* 7~ is

m, oms the sum of the BRs foB’—p*™ 7~ andB°—p~ 7". Note
My =0.553-0.043; My —18.9:08. (19 that the above BR foB°—K* =~ still involves a large
error.
The strange quark mass; is in considerable doubt: i.e., As in the case oB— PP decays, in Figs. 6—11, we plot

QCD sum rules giveng(1 GeV)=(175=25) MeV and lat- the BRs averaged over particle-antiparticle decays for the
tice gauge theory givam,(2 GeV)=(100+20+10) MeVin  modesB— wm™, wh™, oK=, p=7*, ¢K=, andK* =7 * as

the quenched lattice calculatidi31]. In this analysis we a function ofé for u=m,. Six different kinds of lines are
have variedns from 150 to 116 MeV at 1 GeV scale. We see used, corresponding to different values of parameters. The
that themg of 116 MeV gives rise to the best fit. We have definitions of the(five) lines are the same as those Bn

054016-6



CHARMLESS HADRONICB DECAYS AND THE RECEN . .. PHYSICAL REVIEW D 63 054016

3.5
2.5
3
lno 2 lf,o 2.5
* %
4% 1.5 ol
% /8\ 1 5\
-I-'I ' -I-‘I ~
) S > =
2 0.5 % R
= = 0.5
0
0 0.2 0.4 0.6 0.8 i 0.1 0.2 0.3 0.4 0.5 0.4 0.7 0.8
g a) §
FIG. 6. Branching ratio forB*—w#™* as a function of¢
(=1N,). The solid line: F3~™(0)=0.33, F§~"(0)=0.38, ¥ -
=60, Ay(0)=0.4, andmy(m,) =106 MeV. The short dashed line: ' ; /
FE~™(0)=0.33, FE7K(0)=0.38, y=11CF, Ay(0)=0.4, and 3 }
mg(mp) =106 MeV. The dotted lineF§ " "(0)=0.33, F§ "(0) . 4
=0.38, y=60", A,(0)=0.36, andmy(m,)=106 MeV. The dot- '”g ’
dashed line:F5~™(0)=0.26, F5¥(0)=0.29, y=11C, A,(0) % 2 a4
=0.4, andmy(m,) =106 MeV. /
(M) g 1 N 1 4
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/” /
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lng 2 //
i sl g b)
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N-) ! " / FIG. 8. Branching ratio forB*—wh™ as a function of¢
& . 1 N (=1/N,). The definitions for the lines are the same as those in Figs.
LA AN NN o 6 and 7.
Ry
0.2 0.4 0.6 0.8 1 —PP case, except that the form factok@)(O)EA(E,‘"”(O)
a) :Agﬂ“’(O):OA are now added. The dotted line is newly
& introduced, which corresponds Ag(0)=0.36 with the same
values of other parameters as those in the solid line case.
55 Thus, a comparison of the dotted line with the solid line
shows how the BR for a particular mode changesAgs
5 changes.
s
; 1.5
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Wy
+ ! = 1
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+./I\ 0.6 ~
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FIG. 7. Branching ratio forB*— wK™* as a function of¢ 0 0.1 0.2 0.3 0.4 0.5
(=1N,). The long dashed line:F§ " "(0)=0.26, Fg (0) ¢
=0.29, y=117F, A,(0)=0.4, andmy(m,)=85 MeV. The dot-
dashed-dot lineF5~™(0)=0.33, F57%(0)=0.38, y=60", A,(0) FIG. 9. Branching ratio forB*— #K* as a function of¢
=0.4, andm¢(my) =85 MeV. The definitions for other lines are the (=1/N.). The definitions for the lines are the same as those in Figs.
same as those in Fig. 6. 6 and 7.
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FIG. 10. Branching ratios foB’— p* 7~ andB*—p°7~ as a
function of ¢(=1/N;). The definitions for the lines are the same as
those in Figs. 6 and 7.

In Fig. 6, we present the plot of the BR fBF — w7~ as
a function of¢. This decay mode receives the dominant con

tribution from the tree diagram and is sensitive to the form

B—w

factors A§~“, F?~7, and the weak phasg. The long

dashed line and the dot-dash-dot line are identical to th
dot-dashed line and the solid line, respectively,
for this mode does not depend any. All the lines are well
within the experimental limits for values of in a broad

—6
since the rat& 10

PHYSICAL REVIEW D63 054016

ues of¢é are 0.3 £=<0.75. The recent CLEO search fGrP
asymmetry in B*—ow" decay has found: —0.80
<Acp(B*—wm™)=<0.12 at 90% C.L. We find that the ex-
pectedC P asymmetry in this mode is 11% for a represen-
tative value ofé=0.45(we shall see below that the values of
& nearé~0.45 are the favored values for the best fit

The plot of the BR forB*— wK™ as a function of¢ is
shown in Fig. 7. The rate for this process dependﬂ@ﬁ‘”,
F2~K, v, andm,. The previous experimental result from
CLEO for this decay mod¢32] showed the large BR of
B(B*— wK*)=(15'{+2)x 1078, but in the recent CLEO
report[5] the statistical significance for this mode is only
2.10 and the upper limit for the BR at 90% C.L. has been set
as in Eq.(21), which is much lower than the previous one.
Thus, as can be seen in Fig. 7, the valuest of a broad
region are compatible with the experimental upper limit.
However, in our earlier work10], only smaller values of
=0.05 or larger values of>0.6 were allowed to fit the
previous data. The allowed values §ffor the long dashed
line are £<0.67. At a representative value ¢t 0.45, the
expected BR for this mode (B~ — wK*)=1.33x10 5.

Figure 8 shows the plot of the BR f*—wh™ as a
function of &£, whereh is = or K. To obtain the best fit for
this mode, smaller values df?~™, F®~K and y, and
larger values ongﬁ“’ and mg are favored. The previous
CLEO measurement of the BR for this modl82] was
B(B*— wh™)=(25"8+3)x 107, but the recent valugs]
has been reduced (B — wh®)=(14.3"35+2.0)x10°.
Thus, the values 0£<0.1 and 0.4£¢=<0.64 for the long
dashed line are compatible with the recent data in this mode,
while the previous allowed values af are é&~0 and ¢
=0.5. The expected BR for this mode at a representative
value of é=0.45 isB(B* — wh™)=11.34x10"°.

The case oB™— ¢K™ is shown in Fig. 9. The previous
CLEO result for this mode[32] was B(B*— ¢K*)<5
at 90% C.L. but recently CLEO has announced the
new data[5]: B(B*— ¢K*)=(6.4"2"99x 1078, B(B°
— ¢pK2<12x107% and the combined branching ratio

region. In the case of the long dashed line, the allowed valB(B— ¢K)=(6.2°75"37)x 10 °. [The Belle Collaboration

+t
BRB->K 7 )10°

FIG. 11. Branching ratio foB°—K**7* as a function of¢

has recently reported the branching ratjs]: B(B~*

— pK*=)=(17.2°87+1.8)x 105, which is very large and
inconsistent with the CLEO data. To be consistent, in this
analysis we use the recent CLEO data only. Future improved
data for this mode are called f¢iThis decay is a pure pen-
guin process and is sensitive E§ X, but independent of
A, v, andmg. A smallerFE~X is favored for a better fit in
this decay. But the decays— K disfavor too small values

of Foy™ and Fg;X. We find that F§~"(0)~0.26,
F5(0)~0.29 are favored. For the dot-dashed line, identi-
cal to the long dashed line in this mode, the values of 0.3
=< ¢=0.55 are compatible with the data.

In Fig. 10, we present the cases Bf—pw decays in
which the tree contribution is dominant. (@), the sum of
the BRs forB°— p* 7~ andB°—p~ #* as a function of is
shown in order to compare with the recent CLEO data in Eq.

(=1/N,). The definitions for the lines are the same as those in Figs(20). The decayB’—p* m~ is sensitive toF; " and v,

6 and 7.

while B—p~ 7" is sensitive toA2~” and y. The lines are

054016-8



CHARMLESS HADRONICB DECAYS AND THE RECEN . .. PHYSICAL REVIEW D 63 054016

TABLE lll. The branching ratios §) and theCP asymmetries TABLE IV. The branching ratios 8) and theCP asymmetries
(Acp) for B decay modesAS=0) into a vector and a pseudoscalar (Acp) for B decay modes|AS|=1) into a vector and a pseudo-
meson at a representative value §f0.45. Charged conjugate scalar meson at a representative valugef0.45. Charged conju-
modes are implied. The experimental branching ratio Wittelow  gate modes are implied. The experimental branching ratio tith
is the sum ofB°—p* 7w~ andp~w". The experimentaldcp rep-  below is from Ref[33].
resents a 90% confidence level interval.

Decay modes B (10 %)  Experimental8 (10 %)  Acp

Decay Experimental Experimental N R
modes B (106 B(10% A Acp B ek 133 <7.9 —0.19
B —p°K 0.67 <17 0.13
B*—wwmr® 1001 11.3'33+14 -0.11 [-0.80,0.12 B —p KO 1.20 —ag 0
B*—p’7r" 1006 10.4'33+2.1 0.047 Bt LK*0pmt 4.06 <16 0
B*—p*n® 1051 <43 —0.039 BY —K** 70 3.56 <31 0.15
BT LK*OK™* 0.043 <5.3 0 BY - pK* 6.56 644:%?:(2)8 0
BT—K**K? 0.013 0
B*—¢mt  0.0028 <4.0 0 B wK® 0.15 <21 —-0.29
BO—p K* 1.28 <32 0.10
B~ @ 0.032 <55 -0.18 B%— p°K° 0.082 <27 0.17
B —p'm~ 1539 27.69%5+4.2° -0.072 BO—K* 070 0.76 <3.6 -0.13
B—p w"  14.02 —-0.015 BO—K* g~ 6.27 22°8*3 -0.14
BO— pOz0 0.65 <55 -0.27 B%— ¢K° 6.56 <12 0
B0 K* KO 0.13 0
B°— ¢m° 0.0014 <5.4 0

pected to be relatively large in a few decay modgks:in
o _ o B%— p°70, the expectedC P asymmetry is—27% with the
well within the experimental upper and_lowe.r limits for most expected BR of 0.6810°®, (i) in B°— w°, theCP asym-
values of¢. For the dot-dashed line, identical to the long metry is expected to be-18% with the expected BR of
dashed line, the allowed values éfare §=0.08. The ex- (32« 1075, (iii) in B*—wm™, the CP asymmetry is ex-
pected BR for this mode iB(BO_’Piw+):29-f”X 10075 at  pected to be-11% with the expected BR of 10.6410 .
a representative value g#=0.45. The case ‘3_39 7 IS Among|AS|=1 decays, there are several interesting modes:
shown in(b). This process is sensitive &, F{ ™7, and (j) the expected>P asymmetry inB°— wK® is —29% with
y. For the dot-dashed line, identical to the long dashed lineghe expected BR of 0.2610° 8, (i) the expectedC P asym-
the values 0f6=0.34 are compatible with the experimental metry in B* - wK* is —19% with the expected BR of
data. This can be compared with the caseBof—w7™ 133107, (jii) the CP asymmetry inB®—K** 7~ is ex-
shown in Fig. 6. These two modes are both tree-dominategected to be—14% with the expected BR of 6.2710°¢,
and have similar values of masses, decay constants, and foifi}) the CP asymmetry inB*—K**#° is expected to be
factors. So it is expected that their BRs are not very different; 5o \with the expected BR of 3.5610°C.
the recent CLEO data fop’w~ and ow™ decays are
(10.4°33+2.1)x10°% and (11.333+1.4)x10°5, respec-
tively, as in Eq.(20). The favored values in our analysis are
B(B*—p°7=)=10.06x10 ¢ and B(B*—w=7~)=10.01
X 10" ® at a representative value 6 0.45, which are con-
sistent with the recent data. Motivated by the recent CLEO data, we have analyzed
Figure 11 shows the plot d8(B°—K**#) as a func- charmless hadronic two body decaysBinesonsB— PP
tion of £. This mode receives the dominant contribution fromand B—VP. In the framework of generalized factorization,
the penguin diagram. Our theoretical expectation of the BRve have carefully examined the values of several input pa-
for this decay is less than the experimental limits atlével  rameters to which the predictions are sensitive. Those input
(thick lines, but is greater than the lower limit ato2level  parameters are the form factors, the strange quark ngass,
(gray line. Thus, within 2r range, our result is compatible =1/N., the CKM matrix elements, and in particular, the
with the data for this mode. Since the measurement of thisveak phasey.
decay still involves large error, an improvement in the ex- We have found that the experimental bounds on the BRs
periment will be crucial to test the framework of our work. for the decay modeB— 7" 7, K°#7*, andK°#® among
In Tables Ill and IV, we present the BRs and tGd B— PP modes put strong constraints on the parameters. The
asymmetries for the decaps—VP(AS=0 and|AS|=1) at  constraints on parameters from the ded@ys—wh* among
a representative value ¢f=0.45. Available experimental re- B—VP are also strong and lead to the following favored
sults are also presented. All the theoretical values are convalues of the parameters for the bestiiit Figs. 1-11, the
patible with the present experimental bounds. In particularlong dashed line(or the dot-dashed line when the long
in some decay modes, tf@P asymmetries are expected to dashed line is absentepresents the case corresponding to
be large. AmongAS=0 decays, theCP asymmetry is ex- the best fif:

VI. CONCLUSION
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£~0.45 (22 have shown that the recent CLEO dataBr-PP andVP
modes can be satisfactorily explained wihk-0.45, except
FEHW(O):O_ZG' FE‘HK(O)=0.29, for the BR of the decay modB°—K* “ 7 at 1o level [at

20 level, our prediction fo3(B°—K* =7 ) is compatible
with the datd. An improved measurement of the BR for this
process will be crucial in testing the framework of factoriza-
tion. We have also identified the decay modes whereé_tRe
y=11F, my(m,)=85 MeV, asymmetries are expected to be large, suctBasp®wP,
o7, 7" in AS=0 decays, anB— wK°®, oK™, K* =70
V.p=0.040, |V p/Ve,|=0.087, |Viq|=0.004. p°K%in |AS|=1 decays.

AB=P(0)=0.4, AZ7“(0)=0.4,

[In fact, a little smaller values of,(0) are also allowed.It

has been known that there exists the discrepancy in values of
v extracted from the CKM-fitting ap— » plan [34] and
from the x? analysis of hadronic decays 8f mesong29]. We would like to thank J. G. Smith for useful conversa-
The value of y obtained from the each case #=60° tions and comment. This work was supported in part by Na-
~80° from the CKM-fitting atp—#n plane, or y=90° tional Science Foundation Grant No. PHY-9722090 and by
~140° from the hadroni® decay analysis. In our analysis the US Department of Energy Grant No. DE FGO3-
we find thaty~110° is favored to fit the given data. We 95ER40894.
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