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Nonleptonic charmless 2-bodyB decays in the perturbative QCD approach
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With the generalized factorization approximation, we calculate the branching ratios andCP asymmetries in
B meson decays into two charmless pseudoscalar mesons. We give a new estimation of the matrix elements of
(S1P)(S2P) current products with the perturbative QCD method instead of the equation of motion. We find
that our results are comparatively smaller than those in the literature.@S0556-2821~99!03515-8#
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I. INTRODUCTION

Penguin diagrams play an important role in charmlesB
decays and directCP violation. They can provide not only
the necessary different loop effects of internalu andc quarks
@1#, but also dominate the branching ratios of many mode
charmlessB decays, such asB˜pK, B˜KK, and B
˜Kh8.

As we know, the standard theoretical framework of stud
ing nonleptonicB decays is based on the effective Hamilt
approach and the factorization approximation. The effec
Hamiltonian is expressed by a sum of the products of a se
of Wilson coefficients and four-quark operators. Unfort
nately, we have many difficulties in calculating matrix el
ments of the four-quark operators directly in exclusive no
leptonic B decays, such asB to two pseudoscalar meso
processes. So we have to use the factorization assump
usually the Bauer-Stech-Wirbel~BSW! model @2#. Then the
mesonic matrix elements are factorized into the produc
two matrix elements of single currents, governed by de
constants and form factors. However in the BSW model,
factorization involves the contributions of Fierz transform
tions of the four-quark operators. Using the Fierz rearran
ment, one can find that the current-current productS
1P)(S2P) matrix elements should be taken into accou
The general method to deal with (S1P)(S2P) matrix ele-
ments is to transform them into (V2A)(V2A) matrix ele-
ments by using equation of motion. Then one can find t
(S1P)(S2P) matrix elements are very sensitive to th
masses of light quarks. But the current masses of light qu
are not determined precisely. Obviously, it brings large
certainty for estimating the (S1P)(S2P) matrix elements
and the branching ratios of charmlessB decays. As pointed
out by Ali, Kramer, and Lu¨ @3#, varying the light quarks
masses by620% yields variation of up to625% in some
selected decay modes~such asB6

˜K6h8 andB̄0
˜K̄0h8!.
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In this work, instead of using equation of motion we will tr
to apply the perturbative QCD~PQCD! method to recalcu-
late the ratio of the (S1P)(S2P) to (V2A)(V2A) matrix
elements at leading twist approximation, which is not sen
tive to the masses of light quarks. We think that it mig
have less uncertainties than the results obtained by using
quark equation of motion. So, it is necessary to recalcu
the branching ratios forB meson charmless decays by usi
PQCD method and compare with those by using equation
motion. On the other hand, nonfactorizable effects in cha
lessB decays cannot be neglected. To compensate it for t
the general approach is to replace the number of colorsNc by
a phenomenological color parameterNc

eff . We will discuss
the differences whileNc

eff equal 2, 3,̀ , respectively.
This work is organized as follows. Section II gives th

framework of calculation including the effective Hami
tonian and fatorization approximation. Section III is devot
to the PQCD method to estimate the ratio of the (S1P)(S
2P) to (V2A)(V2A) matrix elements. In Sec. IV, we cal
culate the branching ratios of charmlessB decays into two
pseudoscalar mesons and theirCP asymmetries using the
method mentioned above. We also give some discussion
the numerical results. Section V is for the concluding
marks.

II. CALCULATIONAL FRAMEWORK

The uDBu51 effective Hamiltionian is

Heff5
GF

A2
F (

q5u,c
vqS C1~m!Q1

q~m!1C2~m!Q2
q~m!

1 (
k53

10

Ck~m!Qk~m!D G1H.c., ~1!

wherevq5VqbVqd* ~for b˜d transition! or vq5VqbVqs* ~for
b˜s transition! and Ci(m) are Wilson coefficients which
have been evaluated to next-to-leading order approximat
In Eq. ~1!, the four-quark operatorsQi are given by
©1999 The American Physical Society15-1
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Q1
u5~ ūabb!V2A~ q̄bua!V2A , Q1

c5~ c̄abb!V2A~ q̄bca!V2A ,

Q2
u5~ ūaba!V2A~ q̄bub!V2A , Q2

c5~ c̄aba!V2A~ q̄bcb!V2A,

Q35~ q̄aba!V2A(
q8

~ q̄b8qb8 !V2A ,

Q45~ q̄bba!V2A(
q8

~ q̄a8qb8 !V2A,

Q55~ q̄aba!V2A(
q8

~ q̄b8qb8 !V1A ,

Q65~ q̄bba!V2A(
q8

~ q̄a8qb8 !V1A,

Q75
3

2
~ q̄aba!V2A(

q8
eq8~ q̄b8qb8 !V1A ,

Q85
3

2
~ q̄bba!V2A(

q8
eq8~ q̄a8qb8 !V1A ,

Q95
3

2
~ q̄aba!V2A(

q8
eq8~ q̄b8qb8 !V2A ,

Q105
3

2
~ q̄bba!V2A(

q8
eq8~ q̄a8qb8 !V2A , ~2!

with Q1
q andQ2

q being the tree operators,Q32Q6 the QCD
penguin operators, andQ72Q10 the electroweak penguin
operators. With the renormalization group method, we
evolove the renormalization scheme independent Wilson
efficients C̄i(m) from the scalem5mW to m55.0 GeV
'mB , which are@5#

C̄1520.313, C̄251.150, C̄350.017, C̄4520.037,

C̄550.010, C̄6520.046, C̄7520.001aem,

C̄850.049aem, C̄9521.321aem, C̄1050.267aem.
~3!

So we can express the physical amplitude as follows:

^QT~m!•C~m!&[^QT&0•C8~m!, ~4!

where^QT&0 denote the tree level matrix elements and

C185C̄1 , C285C̄2 , C385C̄32
Ps

3
, C485C̄41Ps ,

C585C̄52
Ps

3
, C685C̄61Ps , C785C̄71Pe ,

C885C̄8 , C985C̄91Pe, C108 5C̄10, ~5!
05401
n
o-

Ps5
as

8p
C̄2~m!S 10

9
2G~mq ,q2,m! D ,

Pe5
aem

9p
@3C̄1~m!1C̄2~m!#

3S 10

9
2G~mq ,q2,m! D ,

G~mq ,q2,m!524E
0

1

dx x~12x!lnS mq
22x~12x!q2

m2 D .

~6!

As noted in the Introduction, we have to calculate t
matrix elements of the four-quark operators by using the f
torization assumption. Here we apply the BSW model@2#.
However, nonfactorizable effects are not negligible in t
process ofB to two light mesons. We will use the simplies
approach to compensate it by using only one color param
Nc

eff , even if there is no reason why using only one sing
parameterNc

eff to explain the branching ratios of all kind o
different modes.

For illustration, we give the amplitude ofBu
2
˜K2h8 as

an example:

^K2h8uHeffuBu
2&

5
GF

A2
(

q5u,c
vqH ~a1dqu1a31a9!Msuu

K2h8

1S a2dqu12a422a62
a8

2
1

a10

2 D Muus
h8K2

1S a42a61a31
a8

2
1

a9

2
2

a10

2 D Msss
h8K2

1~a2dqc2a81a10!Mccs
h8K2

1~22a522a7!Xsuu
K2h8

1~22a51a7!Xsss
h8K2J , ~7!

where

a2i 215C2i8 1
C2i 218

Nc
eff

, a2i5C2i 218 1
C2i8

Nc
eff

, ~8!

and

Mq1q2q3

PP8 5^Pu~ q̄1q2!V2Au0&^P8u~ q̄3b!V2AuB&,

Xq1q2q3

PP8 5^Pu~ q̄1q2!S1Pu0&^P8u~ q̄3b!S2PuB&.
~9!

We will use the following parametrization for decay co
stants and form factors:
5-2
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^0uVm2AmuP~q!&5 i f Pqm ,

^P2~q2!uVm2AmuP1~q1!&5F
1

P1˜P2~q2
2 !q1m

1F
2

P1˜P2~q2
2 !q2m , ~10!

where q65q16q2, and we use the monopole dominan
assumption for theq2

2 dependence of the form factors,

F
1

P1˜P2~q2
2 !'

F
1

P1˜P2~0!

12q2
2 /mpol

2
,

F
2

P1˜P2~q2
2 !'2

m12m2

m11m2
F

1

P1˜P2~q2
2 !. ~11!

Then we can obtain

Mq1q2q3

PP8 52 i f PF1
B˜P8~mP

2 !
mB2mP8

mB1mP8

@~mB1mP8!
22mP

2 #,

~12!

Xq1q2q3

PP8 5
mP

2

@~m11m2!~m32mb!#
Mq1q2q3

PP8 , ~13!

where Eq.~13! is derived from the equation of motion an
mi presents the mass of the light quarkqi , respectively (i
51,2,3).

Calculations in this framework have been discussed in
tail in some papers@3,4# involving the branching ratios an
CP asymmetries in nonleptonic charmless two-bodyB de-
cays. In these papers the uncertainties resulting from
renormalization scale dependence, nonfactorizable contr
tions and the input parameters (as , quark masses and form
factors! have been worked out. Further penguin effects a
the strong sensitivity of the CP asymmetries to the Cabib
Kobayashi-Maskawa~CKM! parameters (r, h) have been
discussed there. In these uncertainties, the uncertaint
light quark masses is mainly showed in the part ofS
1P)(S2P) matrix elements. Sometimes they are domin
terms in some modes of charmlessB decays, such asBu

2

˜K2h8, in which the termXssu
h8K2

is enhanced by the facto
mh8 /ms . Then it motivates us to give a new estimation

the matrix elementsXq1q2q3

PP8 to cancel the uncertainty of th

light quark masses.

III. PQCD METHOD

Brodsky et al. @6# has pointed out that the factorizatio
formula of PQCD can be applied to the exclusiveB decays
into light mesons for the large momentum transfers. One
write the amplitude as a convolution of a hard-scatter
quark-gluon amplitudesf(x,Q2) which describe the frac
tional longitudinal momentum distribution of the quark a
antiquark in each meson. An important feature of this f
malism is that, at high momentum transfer, long-range fi
state interactions between the outgoing hardrons can be
glected. In the case of nonleptonic weak decays the m
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squared of the heavy mesonmH
2 establishes the relevant mo

mentum scaleQ2;mH
2 , so that for a sufficiently massive

initial state the decay amplitude is of the order ofas(Q
2),

even without including loop corrections to the weak Ham
tonian. The dominant contribution is controlled by sing
gluon exchange.

We intend to apply the PQCD method to estimate tho
hadronic matrix elements such as (V2A)(V2A) and (S
1P)(S2P) at the leading twist approximation. The wav
function ofB meson and flavorSU(3) singlet or octet pseu
doscalar mesons are taken as

CB~x!5
1

A2

I C

A3
fB~x!~p”1mB!g5,

CP~y!5
1

A2

I C

A3
fP~y!~q”1mP!g5 , ~14!

whereI C is an identity in color space. In QCD, the integr
tion of the distribution amplitude is related to the mes
decay constant

E fP~y!dy5
1

2A6
f P , E fB~x!dx5

1

2A6
f B . ~15!

Then we can write down the amplitude of Fig. 1 as

^Puq̄1gmg5q2u0&PQCD533
1

A2

1

A3
E dy fP~y!

3Tr@g5 ~q”1mP!gmg5#5 f Pqm ,

^Puq̄1g5q2u0&PQCD533
1

A2

1

A3
E dy fP~y!

3Tr@g5 ~q”1mP!g5#5 f PmP .

~16!

In a consistent way, we can use perturbative QCD to e
mate the matrix elements such aŝPuq̄lgmbuB& and

^Puq̄lbuB& ~Figs. 2,3!, whereql denotes light quark field
operator and we have neglected the fermi motion of qua
while the gluons in Figs. 2,3 are hard because

k25@xp2~12y!q#2.2x~12y!mB
2;1 GeV2 ~17!

FIG. 1. Diagrams for the matrix elements^Puq̄1gmg5q2u0& ~a!

and ^Puq̄1g5q2u0& ~b!.
5-3
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~here we using mean valueŝy&; 1
2 ,^x&;eB , with eB

;0.0520.1 andx2!1) so we can neglect theO(x2mB
2) term

and use perturbative QCD method to calculate the amplitu
It turns out to be

^Puq̄lgmbuB&PQCD

52
2

3
g2E dxdyfB~x!fP~y!

3H Tr@g5~q”1mP!gnP” lgm~p”1mB!g5gn#

k2Pl
2

1
Tr@g5~q”1mP!gm~P” b1mb!gn~p”1mB!g5gn#

k2~Pb
22mb

2!
J .

~18!

In order to get quantitative estimation, we take the wa
functions as@6,7#

fB~x!5
f B

2A6
d~x2eB!, fP~y!5A3

2
f Py~12y!.

~19!

~hereeB is the peaking position of theB-meson wave func-
tion, typically ^eB&;mB2mb /mB). We get

FIG. 2. Leading twist diagrams in QCD for the matrix elemen

^Puq̄lgmbuB&.

FIG. 3. Leading twist diagrams in QCD for the matrix elemen

^Puq̄lbuB&.
05401
e.

e

^Puq̄lgmbuB&PQCD5F1
B˜P~Q2!~p1q!m

1F2
B˜P~Q2!~p2q!m , ~20!

where

F1
B˜P~Q2!52

8pas

3
f Pf BH 2

mPmB

eB
2mB

4

2E dy y
mb~mP22mB!1y~mB

222mPmB!

eBmB
2~ymB

22mb
2!

J ,

~21!

F2
B˜P~Q2!52

8pas

3
f Pf BH 2

mB~eB2mP!

eB
2mB

4

2E dy y
2mb24mP2y~mB22mP!

eBmB~ymB
22mb

2!
J .

~22!

Here, Q25(p2q)2. So we can obtain the matrix eleme

Mq1q2q3

P8P . We can also get the matrix element^Puq̄lbuB& as

^Pus̄buB&PQCD

52
2

3
g2E dxdyfB~x!fP~y!

3H Tr@g5~q”1mP!gnP” l~p”1mB!g5gn#

k2Pl
2

1
Tr@g5~q”1mP!~P” b1mb!gn~P” 1mB!g5gn#

k2~Pb
22mb

2!
J

TABLE I. The PQCD estimations about the eleme

^p2us̄gmbuB2&.

F
1

Bu
2
˜p2 eB50.05 eB50.06 eB50.07 eB50.08

mb55.0 GeV 0.21 0.17 0.14 0.12
mb54.9 GeV 0.26 0.21 0.18 0.15
mb54.8 GeV 0.19 0.15 0.13 0.11

TABLE II. The PQCD estimations about the ratio of the matr

elementXsdd PQCD
K̄0p2

to Msdd PQCD
K̄0p2

.

R5
Xsdd PQCD

K̄0p2

Msdd PQCD
K̄0p2

eB50.05 eB50.06 eB50.07 eB50.08

mb55.0 GeV 20.025 20.025 20.026 20.026
mb54.9 GeV 20.025 20.026 20.026 20.026
mb54.8 GeV 20.026 20.026 20.027 20.027
5-4
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TABLE III. Branching ratio in 1025 andCP asymmetries in %. ‘‘QCD’’ and ‘‘EW’’ present the QCD
penguin and EW penguin effects, respectively, and ‘‘Dirac’’ presents the results with the equation of m

Nc
eff52 Branching ratio CP Asymmetry

Decay mode TR QCD EW Dirac QCD EW Dirac

Bu
2
˜p0p2 0.53 0.53 0.53 0.54 0.03 1.9 3.5

Bu
2
˜p2h8 0.14 0.19 0.19 1.54 16.4 0.05 0.2

Bu
2
˜p2h 0.42 0.57 0.57 1.48 16.0 0.1 0.6

Bu
2
˜K0K2 0.032 0.032 0.065 12.9 13.3 12.3

Bu
2
˜p0K2 0.038 0.090 0.19 0.405 239.0 223.3 214.8

Bu
2
˜K2h8 0.17 0.42 0.38 1.38 211.5 216.7 27.8

Bu
2
˜K2h 0.024 0.063 0.038 0.025 17.8 27.4 210.4

Bu
2
˜K̄0p2 0.35 0.33 0.72 20.3 20.3 20.3

B̄d
0
˜p1p2 0.64 0.76 0.83 0.77 13.2 13.2 18.1

B̄d
0
˜p0p0 0.012 7.931023 6.831023 6.9431023 242.7 246.8 251.5

B̄d
0
˜p0h8 1.631023 7.031023 5.031023 5.031023 227.8 236.0 236.0

B̄d
0
˜p0h 3.131024 0.019 0.019 0.34 0.8 0.8 8.6

B̄d
0
˜h8h8 1.131023 1.231023 1.131023 8.6331023 7.5 5.6 12.2

B̄d
0
˜hh 9.431023 7.631023 8.131023 8.4731023 2.2 4.8 35.5

B̄d
0
˜hh8 0.056 0.058 0.056 0.094 9.3 9.3 95.7

B̄d
0
˜K0K̄0 0.042 0.041 0.065 12.8 12.6 12.3

B̄d
0
˜p1K2 0.048 0.16 0.23 0.46 231.7 228.5 218.2

B̄d
0
˜p0K̄0 1.331023 0.22 0.14 0.38 5.3 8.7 3.9

B̄d
0
˜K̄0h8 0.017 0.42 0.36 1.47 22.9 210.8 25.4

B̄d
0
˜K̄0h 2.431023 0.013 3.631023 2.831023 13.7 245.2 2.3

B̄s
0
˜p2K1 0.68 0.81 0.81 0.89 13.1 13.1 18.1

B̄s
0
˜p0K0 0.020 0.012 0.012 0.012 240.9 244.7 245.8

B̄s
0
˜K0h8 8.231023 0.063 0.060 1.16 62.2 60.6 19.5

B̄s
0
˜K0h 0.022 0.019 0.019 0.34 28.7 24.9 34.9

B̄s
0
˜K0K̄0 0.35 0.33 0.75 20.3 20.3 20.3

B̄s
0
˜K2K1 0.31 0.35 0.75 20.3 20.3 20.3

B̄s
0
˜p0h8 6.131024 6.131024 4.331023 4.331023 0 0 0

B̄s
0
˜p0h 4.631024 4.631024 3.331023 3.331023 0 0 0

B̄s
0
˜h8h8 7.431023 0.11 0.11 0.41 23.7 23.8 21.7

B̄s
0
˜hh 8.231024 0.078 0.078 0.11 4.8 4.6 3.2

B̄s
0
˜hh8 3.131024 0.33 0.33 0.82 1.4 1.2 0.4
nu

s

ute

lues
lt
52
8p

3
asf Bf P

3H ~22mP~122eB)1eBmB!mB1mP
2

eB
2mB

3 2E dyy

3
mB~mP1mb!22mB

224mbmP1ymPmB

eBmB~ymB
22mb

2!
J . ~23!

In Ref. @8#, as an example, the authors calculated the
merical results of the matrix element^K2us̄gmbuB2& using
the above framework, where they appliedas.0.38, f B
5200 MeV, andf K5160 MeV. One finds that their result
are sensitive to the values of parameterseB and mb , and
05401
-

seem small compared with the BSW result. We also comp
the matrix element̂ p2us̄gmbuB2& and list the numerical
results in Table I, where we takeas50.38, f B50.2 GeV,
and f p50.13 GeV.

We can see that the results are very sensitive to the va
of parametereB and mb , and smaller than the BSW resu
which is about 0.29@14#. As mentioned in Ref.@8#, the
PQCD results are comparatively small in many cases.

However, the ratio

R5
Xq1q2q3 PQCD

PP8

Mq1q2q3 PQCD
PP8

~24!

is insensitive to the parameterseB and mb . So it is more
5-5
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TABLE IV. Branching ratio in 1025 andCP asymmetries in %. ‘‘QCD’’ and ‘‘EW’’ present the QCD
penguin and EW penguin effects, respectively, and ‘‘Dirac’’ presents the results with the equation of m

Nc
eff53 Branching ratio CP Asymmetry

Decay mode TR QCD EW Dirac QCD EW Dirac

Bu
2
˜p0p2 0.42 0.42 0.42 0.43 0.04 1.9 3.8

Bu
2
˜p2h8 0.10 0.15 0.15 1.56 18.9 0.04 0.2

Bu
2
˜p2h 0.31 0.46 0.46 1.39 19.2 0.2 0.7

Bu
2
˜K0K2 0.037 0.036 0.075 12.8 12.9 12.1

Bu
2
˜p0K2 0.031 0.12 0.22 0.46 232.3 220.4 212.9

Bu
2
˜K2h8 5.931023 0.42 0.38 1.44 211.0 215.9 27.2

Bu
2
˜K2h 0.021 0.067 0.039 0.021 15.4 211.1 19.8

Bu
2
˜K̄0p2 0.41 0.40 0.84 20.3 20.3 20.3

B̄d
0
˜p1p2 0.71 0.85 0.85 0.92 13.3 13.3 18.3

B̄d
0
˜p0p0 8.831024 2.831023 1.431023 3.631023 231.8 250.3 230.3

B̄d
0
˜p0h8 1.231024 9.331023 6.931023 6.931023 3.2 2.3 2.3

B̄d
0
˜p0h 2.231025 0.023 0.023 0.38 10.4 10.8 10.8

B̄d
0
˜h8h8 8.131025 1.131024 7.831025 0.013 28.3 0.3 1.1

B̄d
0
˜hh 6.831024 4.131024 7.931024 0.017 13.2 61.7 12.1

B̄d
0
˜hh8 4.031023 4.731023 4.231023 0.073 42.2 42.8 21.0

B̄d
0
˜K0K̄0 0.049 0.048 0.076 12.4 12.5 12.1

B̄d
0
˜p1K2 0.053 0.23 0.25 0.50 230.4 229.1 218.7

B̄d
0
˜p0K̄0 9.731025 0.24 0.15 0.42 1.1 1.8 0.7

B̄d
0
˜K̄0h8 1.231023 0.43 0.38 1.56 21.1 27.2 23.7

B̄d
0
˜K̄0h 1.731024 0.015 2.831023 4.931023 2.8 267.9 278.5

B̄s
0
˜p2K1 0.75 0.90 0.90 0.98 13.3 13.3 18.3

B̄s
0
˜p0K0 1.431023 4.331023 2.031023 2.231023 232.6 252.3 249.6

B̄s
0
˜K0h8 5.931024 0.043 0.041 1.2 30.9 29.0 13.3

B̄s
0
˜K0h 1.631023 1.331023 9.331024 0.29 232.6 238.1 19.8

B̄s
0
˜K0K̄0 0.41 0.40 0.88 20.3 20.3 20.3

B̄s
0
˜K2K1 0.37 0.39 0.82 20.3 20.3 20.3

B̄s
0
˜p0h8 4.431025 4.431025 5.331023 5.331023 0 0 0

B̄s
0
˜p0h 3.331025 3.331025 4.031023 4.031023 0 0 0

B̄s
0
˜h8h8 5.331024 0.11 0.11 0.42 21.4 21.5 20.8

B̄s
0
˜hh 5.931025 0.092 0.092 0.13 0.9 0.7 0.5

B̄s
0
˜hh8 2.231025 0.39 0.39 0.93 0.06 20.1 20.2
W

C
el
-

t
-
th
reliable because of cancelation of the main uncertainties.
list our computation in Table II.

The ratio by using equation of motion is

R5
Xsdd

K̄0p2

Mq1q2q3

K̄0p2 5
mK̄0

2

~ms1md!~md2mb!
.20.30 ~25!

and is about one order of magnitude larger than the PQ
estimation. As mentioned in our Introduction, the matrix
ements of (S1P)(S2P) four quarks operator are very im
portant in some decay modes ofB mesons, such asB to h8
and other mesons. So it is necessary to recalculate
branching ratios andCP asymmetries for two-body charm
less B decays by using the PQCD method instead of
equation of motion.
05401
e

D
-

he

e

IV. BRANCHING RATIOS AND CP ASYMMETRIES

In the B rest frame, the two body decay width is

G~B˜PP8!5
1

8p
u^PP8uHeffuB&u2

upu

mB
2

, ~26!

where

upu5
$@mB

22~mP1mP8!
2#@mB

22~mP2mP8!
2#%1/2

2mB
~27!

is the magnitude of the momentum of the particleP or P8.
The corresponding branching ratio is given by
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TABLE V. Branching ratios in unit of 1025 andCP asymmetry in unit of %. ‘‘QCD’’ and ‘‘EW’’ present
the QCD penguin and EW penguin effects, respectively, and ‘‘Dirac’’ presents the results with the eq
of motion.

Nc
eff5` Branching ratio CP Asymmetry

Decay mode TR QCD EW Dirac QCD EW Dirac

Bu
2
˜p0p2 0.23 0.23 0.24 0.25 0.05 1.9 4.7

Bu
2
˜p2h8 0.045 0.082 0.082 1.60 25.2 0.2 0.2

Bu
2
˜p2h 0.14 0.27 0.27 1.25 29.5 0.5 0.9

Bu
2
˜K0K2 0.048 0.049 0.10 12.5 12.3 11.9

Bu
2
˜p0K2 0.019 0.18 0.28 0.58 221.1 214.9 29.5

Bu
2
˜K2h8 0.040 0.42 0.38 1.56 29.0 213.6 26.0

Bu
2
˜K2h 0.022 0.079 0.054 0.024 10.0 28.8 20.9

Bu
2
˜K̄0p2 0.54 0.56 1.12 20.3 20.3 20.3

B̄d
0
˜p1p2 0.86 1.00 1.00 1.12 13.6 13.6 18.7

B̄d
0
˜p0p0 0.017 0.034 0.032 0.039 39.1 42.0 46.4

B̄d
0
˜p0h8 2.331023 0.020 0.016 0.017 61.3 78.0 78.0

B̄d
0
˜p0h 4.531024 0.034 0.031 0.47 26.1 29.2 14.7

B̄d
0
˜h8h8 1.631023 1.831023 1.831023 0.026 26.3 27.3 26.5

B̄d
0
˜hh 0.013 0.017 0.018 0.070 21.3 20.6 1.1

B̄d
0
˜hh8 0.079 0.080 0.080 0.21 28.1 28.1 224.1

B̄d
0
˜K0K̄0 0.063 0.064 0.099 12.3 12.1 11.9

B̄d
0
˜p1K2 0.065 0.31 0.29 0.58 228.4 230.4 219.5

B̄d
0
˜p0K̄0 1.931023 0.27 0.18 0.52 25.9 28.5 24.4

B̄d
0
˜K̄0h8 0.024 0.44 0.42 1.77 3.1 0.5 20.3

B̄d
0
˜K̄0h 3.431023 0.027 6.831023 1.531023 27.8 263.9 279.6

B̄s
0
˜p2K1 0.91 1.10 1.10 1.19 13.5 13.6 18.7

B̄s
0
˜p0K0 0.029 0.055 0.052 0.049 36.6 39.2 36.4

B̄s
0
˜K0h8 0.012 0.021 0.020 1.27 248.6 250.1 1.7

B̄s
0
˜K0h 0.031 0.037 0.035 0.24 14.2 9.2 216.4

B̄s
0
˜K0K̄0 0.54 0.56 1.17 20.3 20.3 20.3

B̄s
0
˜K2K1 0.48 0.45 0.96 20.3 20.3 20.3

B̄s
0
˜p0h8 8.731024 8.731024 9.331024 9.331024 0 0 0

B̄s
0
˜p0h 6.531024 6.531024 7.031023 7.031023 0 0 0

B̄s
0
˜h8h8 0.011 0.10 0.10 0.43 5.1 5.0 1.4

B̄s
0
˜hh 1.231023 0.12 0.12 0.17 24.4 24.5 23.5

B̄s
0
˜hh8 4.431024 0.50 0.50 1.2 21.9 22.0 21.2
G B˜PP !

m

l2
BBR~B˜PP8!5
~ 8

G tot
. ~28!

The directCP asymmetryACP for B meson decays into
PP8 is defined as

ACP5
G~B˜PP8!2G~B̄˜ P̄P̄8!

G~B˜PP8!1G~B̄˜ P̄P̄8!
. ~29!

In our numerical calculation, we use the Wolfstein para
etrization for the CKM matrix
05401
-

VCKM5F 12
2

l l3A~r2 ih!

2l 12
l2

2
l2A

l3A~12r2 ih! 2l2A 1

G
1O~l4! ~30!

and we take@9#

A50.82360.033, l50.220, r50.160, h50.336.
~31!
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Otherwise we take all parameters such as meson decay
stants and form factors needed in our calculation as follo
@5,13#: f p50.13 GeV, f K50.160 GeV, f h8

u
5 f h8

d

50.049 GeV, f h
u5 f h

d50.092 GeV, f h8
s

50.12 GeV, f h
s 5

20.105 GeV, f h8
c

520.0063 GeV, f h
c 520.0024 GeV,

and F
1

Bu
2
˜p2

(0)50.29, F
1

Bu
2
˜K2

(0)50.32, F
1

Bu
2
˜h8(0)

50.254/A6, F
1

B̄s
2
˜h8(0)5230.282/A6, F

1

Bu
2
˜h

(0)

50.307/A3, F
1

B̄s
2
˜h

(0)520.335/A3. Here we apply the
flavor wave functions ofh8 andh as @13#

uh8&5
uuū&1udd̄&12uss̄&

A6
,

uh&5
uuū&1udd̄&2uss̄&

A3
. ~32!

We give the numerical results of the branching ratios a
CP asymmetries forB charmless decays in Tables III–V. A
a comparison, the results by using the equation of motion
also listed in the tables where we takemu55 MeV, md
510 MeV, ms5150 MeV, andmb55.0 GeV. In the cal-
culation, we have neglected the contributions ofW annihila-
tion, W exchange, and spacelike penguin diagrams.

From the tables, we can see the following features.
~i! For most of charmlessB decays, the contributions o

penguin diagrams are important.
~ii ! Comparing the results of the PQCD method w

those by using equation of motion, one can find a large
ference between them. In the modes ofB˜pK and B
˜KK, the branching ratios predicted by using equation
motion is larger than those of the PQCD method by abou
factor 2. While final state involvingh8, the factor would be
more large. Obviously,CP asymmetries are also affected b
these differences. In our computation, we find that the ra

of Xq1q2q3

PP8 to Mq1q2q3

PP8 predicted by the PQCD method is n

of mP
2 dependence such as the estimation by use of equa

of motion. So whilemP is large, the distinctions between tw
methods are more obvious.
.

05401
on-
s

d

re

f-

f
a

o

on

~iii ! In many decay modes, the branching ratios are s
sitive to the color parameterNc

eff , such asB̄d
0
˜p0p0,

hh(h8h8), and hh8 . Otherwise, the value ofNc
eff affects

CP asymmetries more largely than branching ratios in so
modes, for example,B̄s

0
˜K0h8, in which theCP asymme-

try ranges from 60.6 to250.1 % forNc
eff ranging from 2 to

`. This is becauseai are sensitive toNc
eff which gives the

different strong phases.
~iv! Our results are smaller than those in Refs.@5,13#. In

some decay modes such asB˜Kh8, our results are one
order of magnitude smaller than the results of the exp
ments@10#. Because we did not consider the contributions
other mechanisms, such asb˜sg*˜sh8 via QCD abnor-
maly @12#, b˜sgg̃ sh8 @11#, etc. In Refs.@8,15#, the au-
thors gave the numerical results involved the contributions
the new mechanisms, which fit the experiments very wel

V. CONCLUDING REMARKS

In this paper, we recalculate the decays ofB to two
charmless pseudoscalar mesons with conventional me
~the standard effective weak Hamiltonian and the BS
model!. Instead of using equations of motion, we use
alternative method to estimate the hadronic matrix eleme
(S1P)(S2P) and obtain comparatively smaller results.
some modes, which are penguin dominant, such asB˜pK,
the branching ratios that we predicted seem to be a little
smaller than the lower limits of the experiments of CLE
@10#. But they are derived in the factorization approac
many mechanisms are not considered in this work such
final state interactions. Especially in the modes ofB˜pK or
KK, FSI could yield dominant contribution to the deca
width @3#. So we need to study more uncertainties in nonle
tonic charmlessB decays in the future.
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