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Critical study of B decays to light pseudoscalars
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Motivated by the large branching ratios observed for the processB→h8K, we examine critically all the
ingredients that go into estimates ofB decays into two light pseudoscalars. Within the factorization approxi-
mation, we examine several assumptions on the input parameters that could have a strong bearing on the
predictions. Among these are~i! the QCD scalem, ~ii ! value of the form factors,~iii ! value of the light quark
masses, and in particularms , ~iv! the valuej51/Nc , and~v! charm content ofh8. It is possible to account for
all the data without invoking new physics, though future experiments will provide tighter constraints on the
parameter space. We find thatCP violating asymmetries are in the observable range for some modes.
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I. INTRODUCTION

The recent CLEO measurement for the branching ratio
B→h8K @1# is larger than expected. This result has initiat
numerous investigations, with some even suggesting
physics. In this paper we attempt to explain the whole se
known results on two body decays ofB mesons into light
pseudoscalars within the context of standard model~SM!
using the generalized factorization technique. This techni
is very successful in decays ofB mesons toD mesons@2#. If
this approximation is able to explain all two bodyB decays,
we will have a powerful tool to extract various paramete
such as the Cabibbo-Kobayashi-Maskawa~CKM! elements.

Present attempts to explain the large branching r
B(B6→h8K6) involve different assumptions@3–6#. Some
@3,4# explain it on the basis of large form factors, b
SU~3! constraints on the form factors have been ignor
For example, in the flavor SU~3! limit, there are rela-
tions among the form factors:FB→h8(0)5(sinu/A6
1cosu/A3)FB→p2

(0) and FB→p2
(0)5FB→K2

(0) ~where
u denotes theh2h8 mixing angle!. Taking FB→h8 large
could have the undesirable effect of increasingB→pK and
B→pp rates above the present bound. Others have invo
charm for h8, with a contribution arising fromb→s( c̄c)
→sh8(h). Explanations have been proposed with lar
u f h8

(c)u'50 MeV @6# and a relatively smaller value o

u f h8
(c)u'6 MeV @5#. The effect of a low strange quark mass

enhancing the rate has been noted@3,5#. In an interesting
paper@7#, the consequences of a largeB→h8K branching
ratio from the purely SU~3! viewpoint has been studied. W
shall focus our attention on a more dynamical analysis ba
on generalized factorization in the spirit of Ali and Greu
@5#.

The branching ratio ofB→h8K depends on a number o
parameters. These parameters include the value of
strange quark massms , the possibility of QCD scale depen
dencem, the size of the form factors, the value of the para
570556-2821/98/57~9!/5723~9!/$15.00
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eter j[1/Nc which arises in the generalized factorizatio
model, theh2h8 mixing angleu, and the value of the CKM
elements and weak phases. We approach the problem by
studyingB→pp decays. These decays have only slightm
dependence, and already limit the size of the form facto
By studyingB→Kp next, we again see them dependence in
Wilson coefficients~WC’s! is offset by the scale dependenc
of ms , and the branching ratios have very slightm depen-
dence. It is possible to enhanceB→h8K by choosing a small
valuej. Study of the ratio ofB→h8K to B→pK, which is
independent of the form factors, reveals that a small value
g, the weak phase, is preferred. We are able to accoun
all data without assuming the charm content ofh8. With the
parameter space obtained, we look at theCP asymmetries as
a function of g, and point out thatB→pK and B→hK
provide two interesting modes with significant asymmetri

We organize this work as follows. In Sec. II we obtain t
Wilson coefficients and the strange quark mass at the s
mb and mb/2. In Sec. III we discuss the factorization a
proximation. In Sec. IV, first we discuss the decays ofB into
pp modes, then we discusspK, h8K, andhK and show the
parameter space where the calculated branching ratio oB
→h8K is experimentally allowed. In Sec. V, we discuss t
CP asymmetries in theB decay modes. Finally, in Sec. V
we summarize our results.

II. DETERMINATION OF THE EFFECTIVE
WILSON COEFFICIENTS

The effective weak Hamiltonian for hadronicB decays
can be written as

HDB515
4GF

A2
FVubVuq* ~c1O1

u1c2O2
u!1VcbVcq* ~c1O1

c

1c2O2
c!2VtbVtq* (

i 53

12

ciOi G1H.c., ~1!
5723 © 1998 The American Physical Society



o

-

iza
re

-

a-

e

r to
table

the

the
e in

ely.
e
a-
to

5724 57N. G. DESHPANDE, B. DUTTA, AND SECHUL OH
whereOi ’s are defined as

O1
f 5q̄agmL f b f̄ bgmLba ,

O2
f 5q̄gmL f f̄ gmLb,

O3~5!5q̄gmLbSq̄8gmL~R!q8,

O4~6!5q̄agmLbbSq̄b8gmL~R!qa8 ,

O7~9!5
3

2
q̄gmLbSeq8q̄8gmR~L !q8,

O8~10!5
3

2
q̄agmLbbSeq8q̄b8gmR~L !qa8 ,

O115
gs

32p2 mbq̄smnRTabGa
mn ,

O125
e

32p2 mbq̄smnRbFmn, ~2!

whereL(R)5(17g5)/2, f can beu or c quark,q can bed
or s quark, andq8 is summed overu, d, s, andc quarks.a
andb are the color indices.Ta is the SU~3! generator with
the normalizationTr(TaTb)5dab/2. Ga

mn and Fmn are the
gluon and photon field strength.cis are the WC’s.O1 ,O2 are
the tree level and QCD corrected operators.O326 are the
gluon induced strong penguin operators.O7210 are the elec-
troweak penguin operators due tog and Z exchange, and
‘‘box’’ diagrams at loop level. In this work we shall take int
account the chromomagnetic operatorO11 but neglect the
extremely small contribution fromO12.

We obtain theci(m)’s by solving the following renormal-
ization group equation~RGE!:

S 2
]

]t
1b~as!

]

]as
DC~mW

2 /m2,g2!5
ĝT~g2!

2
C„t,as~m!,ae…,

~3!

where t[ ln(MW
2 /m2) and C is the column vector that con

sists of (ci)’s. The beta and the gamma are given by

b~as!52S 112
2

3
nf D as

2

16p2

2S 1022
38

3
nf D as

4

~16p2!2 1•••,

ĝ~as!5S gs
~0!1gse

~1!
aem

4p D as

4p
1ge

~0!
aem

4p
1gs

~1!
as

2

~4p!2 1•••,

~4!

where aem is the electromagnetic coupling andnf is the
number of active quark flavors.

The anomalous-dimension matricesgs
(0) and ge

(0) deter-
mine the leading log corrections and they are renormal
tion scheme independent. The next to leading order cor
-
c-

tions which are determined bygse
(1) and gs

(1) are
renormalization scheme dependent. Theg ’s have been deter
mined in Refs.@8,9#.

We can expressC(m) ~where m lies betweenMW and
mb) in terms of the initial conditions for the evolution equ
tions :

C~m!5U~m,MW!C~MW!. ~5!

C(MW)’s are obtained from matching the full theory to th
effective theory at theMW scale @9,10#. The WC’s so far
obtained are renormalization scheme dependent. In orde
make them scheme independent we need to use a sui
matrix T @9#. The WC’s at the scalem5mb are given by

C̄~m!5TU~mb ,MW!C~MW!. ~6!

The matrix T is given by

T511 r̂ s
T as

4p
1 r̂ e

T ae

4p
, ~7!

where r̂ depends on the number of up-type quarks and
down type quarks, respectively. Ther ’s are given in Ref.@9#.
In order to determine the coefficients at the scalem,mb , we
need to use the matching of the evolutions between
scales larger and smaller than the threshold. In that cas
the expression for T we need to used r̂ instead ofr̂ , where
d r̂ 5r u,d2r u,d21, and u and d are the number of up type
quarks and the number of down type quarks, respectiv
The matrix elements (Oi8s) are also needed to have a on
loop correction. The procedure is to write the one loop m
trix element in terms of the tree level matrix element and
generate the effective Wilson coefficients@11#:

^ciOi&5(
i j

ci~m!Fd i j 1
as

4p
mi j

s 1
aem

4p
mi j

e G^Oj&
tree, ~8!

1
c1

e f f

c2
e f f

c3
e f f

c4
e f f

c5
e f f

c6
e f f

c7
e f f

c8
e f f

c9
e f f

c10
e f f

2 5 1
c̄1

c̄2

c̄32Ps/3

c̄41Ps

c̄52Ps/3

c̄61Ps

c̄71Pe

c̄8

c̄91Pe

c̄10

2
~9!

where
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Ps5~as/8p! c̄2FVcbVcq*

VtbVtq*
„10/91G~mc ,m,q2!…

1
VubVuq*

VtbVtq*
„10/91G~mu ,m,q2!…G

and

Pe5~aem/9p!~3c̄11 c̄2!FVcbVcq*

VtbVtq*

3„10/91G~mc ,m,q2!…1
VubVuq*

VtbVtq*

3„10/91G~mu ,m,q2!…G .
Vi , j are the elements of the CKM matrix.mc is the charm
quark mass andmu is the up quark mass. The functio
G(m,m,q2) is given by

G~m,m,q2!54E
0

1

x~12x!dxln
m22x~12x!q2

m2 . ~10!

In the numerical calculation, we will useq25mb
2/2 which

represents the average value and the full expressions
Ps,e . In Table I we show the values of the effective Wilso
coefficients at the scalemb and mb/2 for the processb
→sqq̄. Values forb→dqq̄ can be similarly obtained. Thes
coefficients are scheme independent and gauge invarian

III. MATRIX ELEMENTS IN FACTORIZATION
APPROXIMATION

The generalized factorizable approximation has b
quite successfully used in two bodyD decays as well asB
→D decays. The method includes color octet nonfacto
able contribution by treatingj[1/Nc as an adjustable param
eter@12#. Justification for this process has been recently d
cussed from QCD considerations@13,14#. In generalj is
process dependent, but using SU~3! flavor symmetry, it
should be the same for theB→pp,Kp,Kh8(h) system. Es-

TABLE I. Effective Wilson coefficients for theb→s transition
at the scalemb andmb/2 are shown.

WC’s
m5

mb

2
m5mb

C1
eff 20.282 20.3209

C2
eff 1.135 1.149

C3
eff 0.02287181i0.004689 0.021752 i0.0041396

C4
eff 20.0511442 i0.004689 20.049062 i0.0124188

C5
eff 0.01621531i0.004689 0.0156011i0.0041396

C6
eff 20.06535492 i0.0140673 20.0606322 i0.0124188

C7
eff 0.001227731i0.00005724 20.0008591 i0.0000728

C8
eff 20.0000953211 0.00143303

C9
eff 20.01201551 i0.0000572433 20.0114871 i0.0000727

C10
eff 0.00218628 0.00317436

C11
eff 20.334 20.295
for

n

-

-

tablishing the range of value ofj for the best fit will be one
of our goals.

The technique of parametrizing a two body decay am
tude in factorization approximation is well known. Here w
shall do it for theB→Kh8(h) process to establish our no
tation and discuss some special issues relating to this
cess.

We define the decay constants and the form factors a

^0uAmuM ~p!&5 i f Mpm , ~11!

^M ~p8!uVmuB~p!&5F ~p81p!m2
mB

22mK
2

q2 qmGF1
B→M~q2!

1
mB

22mK
2

q2 qmF0
B→M~q2!, ~12!

whereM , Vm , andAm denote a pseudoscalar meson, a v
tor current, and an axial-vector current, respectively, anq
5p2p8. Note that F1(0)5F0(0) and we can se
F0,1

B→M(q25mM
2 )'F0,1

B→M(0) since these form factors ar
pole dominated by mesons at scalemB

2 .
The physical statesh andh8 are mixtures of SU~3! sin-

glet stateh1 and octet stateh8 :

h5h8 cosu2h1 sin u, h85h8 sin u1h1 cosu,
~13!

with

h85
1

A6
~uū1dd̄22s s̄!, h15

1

A3
~uū1dd̄1s s̄!,

~14!

The decay constantsf h
u and f h

s , which are similarly defined
as Eqs.~17! and ~18!, have the relations similar to Eq.~19!:

f h
u5

f 8

A6
cosu2

f 1

A3
sin u, f h

s 522
f 8

A6
cosu2

f 1

A3
sin u.

~15!

In the SU~3! limit, f K5 f p5 f 8. However from light quark
meson decays their values can be obtained. In particular
values of f 8 and f 1 can be obtained fromh→gg and h8
→gg provided the mixing angleu is known. We shall see
later that a larger magnitude ofu enhances theh8 decays.
We shall thus use the valueu5225° which leads to
f 8;1.75f p and f 8; f p @15# and we usef p5132 MeV and
f K5158 MeV. A technical point is to note that when w
evaluatê 0us̄ig5suh& or ^0us̄ig5suh8&, because of anomalie
in the corresponding currents̄gmg5s, we use anomaly free
currents and neglect terms corresponding to light qu
masses as discussed in Ref.@15#. We then have
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^0us̄ig5suh8&52
A3

A2

f 8 sin umh8
2

2ms

,

^0us̄ig5suh&52

A3

A2

f 8 cosumh
2

2ms

. ~16!

The decay constantsf h8
u and f h8

s are defined as

^0uūgmg5uuh8&5 i f h8
u pm , ~17!

^0u s̄gmg5suh8&5 i f h8
s pm . ~18!

Due toh2h8 mixing, f h8
u and f h8

s are related tof 8 and f 1 by

f h8
u

5
f 8

A6
sin u1

f 1

A3
cosu, f h8

s
522

f 8

A6
sin u1

f 1

A3
cosu,

~19!

where f 8 and f 1 are defined as

^0uūgmg5uuh8&5 i
f 8

A6
pm , ^0uūgmg5uuh1&5 i

f 1

A3
pm .

~20!

We shall assume that form factors are related by no
symmetry. For a currentVm5ūgmb this implies

F0
B→K5F0

B→p2

5A2F0
B→p0

5A6F0
B→h8

5A3F0
B→h0 . ~21!

We expect the SU~3! breaking effect to beO(15)%. In par-
ticular F0

B→h0 could be smaller ifh0 has significant glue

content. Form factorsF0
B→h andF0

B→h8 are then

F0
B→h5F0

B→p2

~cosu/A62sin u/A3!,

F0
B→h85F0

B→p2

~sin u/A61cosu/A3!. ~22!

There seems to be considerable variation in the rang

F0
B→p2

estimated in the literature. Baueret al. @16# estimate
it at 0.33 while Deandreaet al. @17# obtain 0.5. Since the rat
is proportional to theuF0u2, this can be a source of consid
erable error. We find that data on theB→p1p2 mode
places rather stringent constraint on the magnitude of
form factors with values near Baueret al. being preferred.

The decay amplitude forB2→h8K2 is now found to be
et

of

e

A~B2→h8K2!5
GF

A2
HVubVus* @~c11jc2!Cu1~jc11c2!T#

2VtbVts* F ~c31jc42c52jc6!

3~2Cu1Cs!1~jc31c4!~Cs1T!

12~jc51c6!~XC̄s1YT!

2
1

2
~c71jc82c92jc10!~Cu2Cs!

2~jc71c8!XC̄s12~jc71c8!YT

2
1

2
~jc91c10!C

s1~jc91c10!TG J 1A11,

(23)

where

Cu5 i f h8
u F0

B→K~mB
22mK

2 !,

Cs5 i f h8
s F0

B→K~mB
22mK

2 !,

C̄s52 i
A3

A2
f 8 sin uF0

B→K~mB
22mK

2 !,

T5 i f KF0
B→h8~mB

22mh8
2

!,

X5
mh8

2

2ms~mb2ms!
,

Y5
mK

2

~ms1mu!~mb2mu!
. ~24!

Here we have neglected a small contribution of the annih
tion term which is proportional tof B . A11 represents a con
tribution from chromomagnetic operatorO11, and is evalu-
ated as in Refs.@3,18#.

FIG. 1. Strange quark massms is plotted as a function ofm. m
has been varied between themt mass and themb mass.
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The amplitude forB→hK can be deduced by appropria
replacement ofh8 by h. In amplitudes where penguin con
tributions dominate, we observe that X and Y contributio
are very sensitive to the value of light quark contributio
ms . Depending on the scalem, we have to employ the cor
responding value ofms . We show a plot ofms as a function
of m in Fig. 1. We usems5165 GeV atm51 GeV. This
leads toms(mb/2)5121 MeV andms(mb)5118 MeV. If a
smaller value ofms(1 GeV) is used, processes involving
mesons are enhanced. Although this will enhanceB→Kh8,
we will then have too large a value forB→K1p2. We find
the choice of 165 MeV is optimal. We shall show later th
the m dependence of the rate is quite weak because of
compensating effect ofm dependence ofms and m depen-
dence of WC’s. Ali and Greub have advocated thath8 andh
might contain a considerable amount ofcc̄ contribution, and
this enhancesB→h8K. They have argued that if

^0u c̄gmg5cuh8~p!&5 i f h8
c pm , ~25!

^0u c̄gmg5cuh~p!&5 i f h
c pm ,

FIG. 2. Branching ratio for the average ofB6→p6p0 as a
function ofj. The solid curve is form5mb/2 and the dashed curv
is for m5mb . The direction of the thick arrows indicate the regio
being allowed by the available experimental data.

FIG. 3. Branching ratio for the average ofB0(B̄0)→p1p2 as a
function ofj. The solid curve is form5mb/2 and the dashed curv
is for m5mb .
s

t
e

then f h8
c .6 MeV and f h

c .2.3 MeV. This should be com
pared tof h8

u
550 MeV and f h

u5100 MeV. We shall show
that it is possible to fit data without the charm content with
1s of the experimental error. If further experiments were
narrow the rate forB→h8K at the upper end of the prese
range, this would be a strong argument for the charm c
tent. With the inclusion of charm, the amplitude in Eq.~23!
has to include the term

A852
GF

A2
VcbVcs* ~c11jc2!~ f h8

c / f h8
u

!Cu. ~26!

For B→hK we must include a similar term withf h8
c re-

placed byf h
c .

IV. DECAYS OF B INTO PSEUDOSCALARS

A. ProcessB˜pp

Here we consider the decaysB6→p6p0, B0(B̄0)
→p1p2, andB0(B̄0)→p0p0. The recent measurement
CLEO @19# yielded the following bound at 90% C.L.:

FIG. 4. Branching ratio for the average ofB0(B̄0)→p0p0 as a
function ofj. The solid curve is form5mb/2 and the dashed curv
is for m5mb .

FIG. 5. Ratio of the branching ratio ofB6→p6p0 and

B0(B̄0)→p1p2 as a function ofj. The curve is drawn form
5mb .
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5728 57N. G. DESHPANDE, B. DUTTA, AND SECHUL OH
B~B6→p0p6!,231025, B~B0→p1p2!,1.531025.

The decay rates scale asuF0
B→p(0)u2 and since the tree dia

gram dominates the processesB6→p6p0 and B0(B̄0)
→p1p2, these two decays also scale asuVub /Vcbu2. Depen-
dence on the QCD scalem for these two decays is rathe
mild because the tree amplitude depends on the Wilson
efficientsc1 and c2, and these are weakly dependent onm.
Further, the light quark masses in the matrix elements a
scale with m, partially offsetting them dependence from
c1,2. The partial width forB1→p1p0 for example is ob-
tained from

G~B1→p1p0!5
1

8p

upu
mB

2 uA~B1→p1p0!u2 ~27!

whereupu is the pion momentum and the branching ratio
calculated by multiplying by the total ratetB51.49 ps. In
Figs. 2–4 we plot branching ratios averaged over part
and antiparticle for the modesp6p0, p1p2, andp0p0, as
a function ofj[1/Nc for two different values of the scale
m, m5mb , and m5mb/2. We have assumeduVub /Vcbu
50.07, g535°, and the form factorF0

B→p2
50.36. We see

FIG. 6. Branching ratio for the average ofB0(B̄0)→p6K7 as a
function ofj. The solid curve is form5mb/2 and the dashed curve
is for m5mb .

FIG. 7. Branching ratio for the average ofB6→p6K0 as a
function ofj. The solid curve is form5mb/2 and the dashed curve
is for m5mb .
o-

o

le

the weak dependence on the scalem, but strong dependenc
on j. We shall see later that to enhanceB→h8K values of
j;0 are preferred. In the range wherej is small, the presen
bounds on thep1p2 branching ratio of 1.531025 already
tells us that the productuVubF/Vcbu<0.024. To enhanceB
→h8K a large form factor is preferred. SinceuVub /Vcbu
50.0860.02, we see that we are forced into a region
small uVubu if we wish to explainB→h8K without invoking
new physics. Further, the form factor cannot be taken lar
than 0.4 without violating the present bounds onuVub /Vcbu.
The value ofg used does not alter the above conclusio
however, it will be important when we considerCP violat-
ing effects. The ratio ofB6→p6p0 andB0(B̄0)→p1p2 is
not sensitive to the form factor orVub , but is very sensitive
to values ofj. In Fig. 5 we plot this ratio form5mb . Future
measurements of this ratio will constrain the value ofj. We
shall see later that a larger form factor, although favorable
increasingB→h8K, also enhancesB→pK, resulting in con-
flict with the experiment. We find that the form facto

uF0
B→p2

u50.36 anduVub /Vcbu;0.07 are the best compro
mise. In summary, bounds onB→p1p2 already provide
strong constraints on the size of the form factors and
value of uVub /Vcbu.

FIG. 8. Branching ratio for the average ofB0(B̄0)→p0K0 as a
function ofj. The solid curve is form5mb/2 and the dashed curv
is for m5mb .

FIG. 9. Branching ratio for the average ofB6→h8K6 as a
function ofj. The solid curve is form5mb/2 and the dashed curv
is for m5mb .
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B. ProcessesB˜pK, B6
˜h8K6, and B6

˜hK6

We now examine the two body processes involving
ons. The recent measurement at CLEO@1,19# yielded the
following bound:

B~B6→p6K !5~2.321.020.2
11.110.260.2!31025,

B~B0→p6K7!5~1.520.420.1
10.510.160.1!31025,

B~B6→h8K6!5~7.822.2
12.761.0!31025.

We again choose the value of the form factorF0
B→K50.36,

and weak phaseg;35°. In Figs. 6 and 7, we have plotte
the branching ratio forB1→p1K0 and B0→p2K1, aver-
aged over particle-antiparticle decays as a function ofj for
m5mb and m5mb/2. There is only a slightm dependence
with B1→p1K0 being slightly larger form5mb . Both
rates are enhanced at smallj. In particular the observed
branching ratio ofB0→p2K1 already constrainsj.0.1. If
a smaller value of the form factor is used, the rate forB

FIG. 10. Branching ratio for the average ofB6→h8K6 as a
function of u. The curve is drawn atm5mb .

FIG. 11. Ratio of the branching ratio forB6→h8K6 and

B0(B̄0)→p6K7 as a function ofg. The curve is drawn atm
5mb .
-
→h8K will go down correspondingly. We have also plotte
the average value ofB0→p0K0 as a function ofj for two
different m in Fig. 8.

Turning to B→h8K, we first examine thej dependence
for two different values ofm. We again see in Fig. 9 an
enhancement for smallj and slightly larger values form
5mb . This figure is based onh2h8 mixing of u5225°.
Clearly, values ofj50.2 are consistent with data at 1s. It is
not possible to enhance the rate by increasing the form
tor, becauseB0→p2K1 will then become too large.

We have examined the branching ratio dependence
B→h8K on the mixing angleu. In Fig. 10 we plot the
branching ratio forB→h8K as a function ofu, and find that
the branching ratio increases asu becomes more negative.

From experiment we also have the following bound
1s:

R5
B~B1→h8K1!

B~B0→p2K1!
>2.7. ~28!

FIG. 12. Branching ratio for the average ofB6→h8K6 as a
function of j ~dashed line!. Same branching ratio but with the as
sumption that h8 has charm content~solid line! with f h8

c

55.8 MeV. Both lines are drawn form5mb .

FIG. 13. Branching ratio for the average ofB6→hK6 as a
function of j ~dashed line!. Same branching ratio but with the as
sumption thath has charm content~solid line and small dashed
line!. The solid line and the small dashed line have different co
bination of signs forf h

c . We have usedf h
c 52.3 MeV. All the con-

tours are drawn form5mb .
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In Fig. 11, we plot this ratio as a function of the weak pha
g for j50.1. Since this ratio does not depend on the size
the form factors, or the value of theuVcbu, we see that there
is a strong preference for the values of smallg. We therefore
have chosen a small value ofg;35° for our plots.

If further experiments reduce the error on theB→h8K
branching ratio, and it turns out to be a larger number,
may have to consider the Ali-Greub suggestion of includ
the charm content. With values off h8

c .5.8 MeV, and sign
so chosen to give a constructive interference, we plot
branching ratio ofB→Kh8 as a function ofj in Fig. 12. As
we see, there is about a 15% enhancement in the ratej
50.

We considerB→hK as a function ofj with or without
inclusion of charm in Fig. 13. Forj50.1, the branching ratio
is of the order of 531026 and the process will not be hard t
observe. Inclusion of the electroweak penguin contribut
actually suppresses this decay significantly. In Fig. 14,
show the branching ratio without electroweak penguin a
with electroweak penguin.

V. CP ASYMMETRY IN THE DECAY MODES

So far we have found that the branching ratio ofB1

→h8K1 is large if we go to a parameter space wherej is

FIG. 14. Branching ratio for the average ofB6→hK6 as a
function of j ~solid line!. Same branching ratio but without th
electroweak contribution~dashed line!. Both the lines are drawn fo
m5mb .

FIG. 15. CP asymmetry for the modeB6→h8K6 as a function
of g.
e
f

e
g

e

t

n
e
d

small, the form factor is large, the weak phaseg is small, and
theh2h8 mixing angleu is .225°. We now calculate the
rate asymmetry for theB→h8K, B→hK, and B0

→p2K1 modes in this parameter space. Interestin
enough we find the rate asymmetry to be 10% forB→hK
when g is around 110° andj50.1. In Fig. 15 we plot the
rate asymmetry forB→hK against different values ofg for
a fixed j50.1. If we include the charm content the ra
asymmetry is slightly higher or lower depending on the s
of f h

c . In Fig. 16, we show the rate asymmetry forB
→h8K as a function ofg. The asymmetry in theB→h8K
mode is largest, about 2%, wheng is large,;85°. In Fig. 17
we show the rate asymmetry for theB0→p2K1 mode as a
function ofg. For g of about 35° andj50.2 the rate asym-
metry in this mode is about 5%. The asymmetry maximiz
for g around 70° forj50.2.

VI. CONCLUSION

We have shown that it is possible to understand the
cays of theB meson to light pseudoscalar mesons, i.
pp, pK, andhK, h8K within factorization approximation.
No new physics is needed. We can have a large branc
ratio for B→h8K as seen by CLEO, in the parameter spa
which is not excluded by the other experimental obser
tions. This region is found for 0.1,j,0.2. The parameters

FIG. 16. CP asymmetry for the modeB6→hK6 as a function
of g.

FIG. 17. CP asymmetry for the modeB0→p6K7 as a function
of g.
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which we have varied to fit all the data are the form facto
the QCD scale (m), j([1/Nc), the absolute values of th
CKM elements, the weak phases, and theh2h8 mixing
angle u. We found that the large form factor helps to i
crease the branching ratio ofB→h8K. But B→pp and B
→pK decays restrict the size of these form factors. We a
have found that smaller values ofj enhance the branchin
ratio of B→h8K. In order to find the dependence ong, we
have studied the ratio of the branching ratio ofB→h8K and
the branching ratio ofB→pK. The ratio does not depend o
the form factors and we have found that the small value
the weak phaseg.35° is preferred. We have found that th
smalleruVub /Vcbu is preferred. Our investigation is closest
spirit to Ali and Greub@5#. They choose the QCD scalem
5mb/2. We have found thatm dependence introduces only
small effect on decay rates. We have included electrow
As
d

7,

64
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isz
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o

f

k

penguin contributions; these are important forB→hK. We
have examined dependence on mixingu and the weak phase
g. We agree on preference for smallg. We also agree tha
small values ofj are preferred. We do not find the need f
charm inh8 compelling. We have also looked atCP asym-
metries in the allowed parameter space and have found
modes where it may be possible to measure this asymm
in the future. TheCP asymmetries for these two modes a
~i! B6→hK6 about 10% and~ii ! B0→p6K7 about 5%.

ACKNOWLEDGMENTS

This work was supported in part by the U.S. Departm
of Energy Grants No. DE-FG06-854ER-40224 and D
FG03-95ER40894.
ett.

o-
n-

68.
m:
7,

lli,

. B

fer-
.

@1# CLEO Collaboration, J. Smith, talk presented at the 1997
pen winter conference on Particle Physics, Aspen, Colora
1997.

@2# M. Neubert and B. Stech, inHeavy Flavors, edited by A. J.
Buras and M. Linder, 2nd ed.~World Scientific, Singapore, in
press!, hep-ph/9705292.

@3# A. L. Kagan and A. A. Petrov, Report No. UCHEP-2
UMHEP-443, hep-ph/9707354.

@4# A. Datta, X.-G. He, and S. Pakvasa, Report No. UH-511-8
97, ISU-HET-97-07, hep-ph/9707259.

@5# A. Ali and C. Greub, Phys. Rev. D~to be published!.
@6# H.-Y. Cheng and B. Tseng, Report No. IP-ASTP-03-97, NT

TH-97-08, hep-ph/9707316.
@7# A. Dighe, M. Gronau, and J. L. Rosner, Phys. Rev. Lett.79,

4333 ~1997!.
@8# A. J. Buras, M. Jamin, M. E. Lautenbacher, and P. We

Nucl. Phys.B400, 37 ~1993!; A. J. Buras, M. Jamin, and M. E
Lautenbacher,ibid. B400, 37 ~1993!.

@9# M. Ciuchini, E. Franco, G. Martinelli, and L. Reina, Nuc
Phys.B415, 403 ~1994!.

@10# A. J. Buras, M. Jamin, and M. E. Lautenbacher, Nucl. Ph
B370, 69 ~1992!.
-
o,

-

-

,

.

@11# R. Fleischer, Z. Phys. C62, 81 ~1994!; 58, 483 ~1993!; G.
Kramer, W. Palmer, and H. Simma, Nucl. Phys.B428, 77
~1994!.

@12# N. G. Deshpande, M. Gronau, and D. Sutherland, Phys. L
90B, 431 ~1980!.

@13# M. Neubert~CERN!, Talk presented at the International Eur
conference on Quantum Chromodynamics: QCD 97: 25th A
niversary of QCD, Montpellier, France, 1997, hep-th/97073

@14# B. Stech, Plenary talk given at 20th Anniversary Symposiu
Twenty Beautiful Years of Bottom Physics, Chicago, IL, 199
hep-th/9709280.

@15# P. Ball, J. M. Frere, and M. Tytgat, Phys. Lett. B365, 367
~1996!.

@16# M. Bauer and B. Stech, Phys. Lett.152B, 380 ~1985!; M.
Bauer, B. Stech, and M. Wirbel, Z. Phys. C34, 103 ~1987!.

@17# A. Deandrea, N. D. Bartolomeo, R. Gatto, and G. Nardu
Phys. Lett. B318, 549 ~1993!.

@18# X.-G. He, N. G. Deshpande, and J. Trampetic, Phys. Lett
377, 161 ~1996!.

@19# CLEO Collaboration, B. Behrens, talk presented at the con
ence ‘‘B physics and CP violation,’’ Honolulu, Hawaii, 1997


