
PHYSICAL REVIEW D, VOLUME 63, 074005
Charmless hadronic decaysB\PP, PV, VV and new physics effects
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Based on the low-energy effective Hamiltonian with generalized factorization, we calculate the new physics
contributions to the branching ratios of the two-body charmless hadronic decays ofBu andBd mesons induced
by the new gluonic and electroweak charged-Higgs penguin diagrams in the general two-Higgs doublet models
~models I, II, and III!. Within the considered parameter space, we find the following.~a! The new physics
effects from new gluonic penguin diagrams strongly dominate over those from the newg- andZ0- penguin
diagrams.~b! In models I and II, new physics contributions to most studiedB meson decay channels are rather
small in size, from215% to 20%.~c! In model III, however, the new physics enhancements to the penguin-
dominated decay modes can be significant,;(30–200!%, and therefore are measurable in forthcoming high
precisionB experiments.~d! The new physics enhancements to ratiosB(B→Kh8) are significant in model III,
;(35–70!%, and hence provide a simple and plausible new physics interpretation for the observed unexpect-
edly largeB→Kh8 decay rates.~e! The theoretical predictions forB(B→K1p) andB(B→K0p1) in model
III are still consistent with the data within 2s errors.~f! The significant new physics enhancements to the
branching ratios ofB→K0p0, K* h, K* 1p2, K1f, K* 0v, K* 1f, andK* 0f decays are helpful to improve
the agreement between the data and the theoretical predictions.~g! The theoretical predictions ofB(B
→PP,PV,VV) in the 2HDM’s are generally consistent with experimental measurements and upper limits
~90% C.L.!
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I. INTRODUCTION

The main objective ofB experiments is to explore in de
tail the physics ofCP violation, to determine many of the
flavor parameters of the standard model~SM! at high preci-
sion, and to probe for possible effects of new physics bey
the SM @1–3#. Precision measurements of theB meson sys-
tem can provide insight into very high energy scales via
indirect loop effects of new physics. TheB system therefore
offers a complementary probe to the searches for new p
ics at the Fermilab Tevatron, CERN Large Hadron Collid
~LHC!, and Next Linear Collider~NLC! @1#.

In B experiments, new physics beyond the SM may ma
fest itself, for example, in the following two ways@1,3#: ~a!
decays which are expected to be rare in the SM are foun
have large branching ratios and~b! CP-violating asymme-
tries which are expected to vanish or be very small in the
are found to be significantly large or with a very differe
pattern with what predicted in the SM. These potential
viations may be induced by the virtual effects of new phys
through loop diagrams.

It is well known that the two-body charmless hadron
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decaysB→h1h2 @whereh1 andh2 are the light pseudoscala
~P! and/or vector~V! mesons# play a very important role in
studying CP violation and the heavy flavor physics@4,5#.
Several groups@6–9# recently presented their systematic ca
culations for theseB decay channels in the SM by using th
low-energy effective Hamiltonian@10–12# with the general-
ized factorization approach@7,13–15#.

Theoretically, the effective Hamiltonian is our basic to
to calculate the branching ratios andCP-violating asymme-
try ACP of B meson decays. The short and long distan
quantum chromodynamical~QCD! effects in the hadronic
decays are separated by means of the operator produc
pansion@16#. The short-distance QCD corrected Lagrangi
at next-to-leading order~NLO! is available now, but we still
do not know how to calculate hadronic matrix element fro
the first principles. One conventionally resorts to the fact
ization ansatz@13#. However, we also know that the nonfa
torizable contribution really exists and cannot be neglec
numerically for most hadronicB decay channels. To remed
factorization hypothesis, some authors@7,14,15# introduced a
phenomenological parameterNeff ~i.e., the effective number
of color! to model the nonfactorizable contribution to ha
ronic matrix element, which is commonly called the gen
alized factorization. On the other hand, as pointed out
Buras and Silvestrini@17#, such generalization suffered from
©2001 The American Physical Society05-1
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the problems of gauge and infrared dependence since

constant matrixr̂ V appearing in the expressions of effecti
Wilson coefficientsCi

eff depends on both the gauge chos
and the external momenta. Very recently, Chenget al. @18#
studied and resolved above controversies on the gauge
pendence and infrared singularity ofCi

eff by using the pertur-
bative QCD factorization theorem. In addition to the gen
alized factorization approach, a new approach, called
QCD factorization@19#, appeared recently@19,20#, in which
the decay amplitude is described by a kernel containing
‘‘hard’’ interaction given by a perturbatively evaluated effe
tive Hamiltonian folded with form factors, decay constan
and light-cone distributions of mesons into which the lo
distance effects are lumped. And some two-body hadronB
meson decays, such asB→pp and Kp modes, have been
calculated in this approach@19–21#.

On the experimental side, CLEO Collaboration repor
the observations of thirteenB→PP,PV decay channels an
set new upper limits for many other decay modes@22–25#.
The BaBar and Belle Collaboration at SLAC and KEK al
presented their first observation for someB→PP,PV decays
at the ICHEP 2000 conference@26,27#. Except for the decay
channelsB→Kh8, the measured branching ratios forB
→h1h2 decays are generally in good agreement with the
theoretical predictions based on the effective Hamilton
with factorization. Unexpectedly largeB→Kh8 rate was
firstly reported by CLEO in 1997@28#, and confirmed very
recently by CLEO and BaBar Collaborations@23,29,26#. Al-
though many possible mechanisms such as gluon an
charm content inh8 and the hairpin diagram have been co
sidered in order to increase the theoretical predictions
B(B→h8), it is now still difficult to explain the observed
large rate forB→Kh8 decays@23,26,29#. This fact strongly
suggests the requirement for additional contributions uni
to the h8 meson in the framework of the SM, or large e
hancements from new physics beyond the SM.

According to the studies in Refs.@30–33#, we know that
~a! an enhancedb→sg can lead to a largeB(B→h8Xs), and
~b! the possible contributions to the ratiob→sg in both type
I and II two-Higgs-doublet models~2HDM! are not large
enough to meet the requirement@30,31#. Very recently, we
calculated @34,35# the new physics enhancements to t

branching ratios B(b→sg) and B(b→q8qq̄) with q8
P$d,s% and qP$u,d,s% induced by charged-Higgs gluoni
penguin diagrams in model III~the third type of 2HDM!
with inclusion of NLO QCD corrections@36#, and found that
the rate ofb→sg in model III can be enhanced significantl
The predicted charm multiplicitync consequently becom
consistent with the measurednc , while the agreement be
tween the theoretical predictions and the data ofBSL is also
improved by inclusion of the new physics effects.

In this paper we calculate the new physics contributio
to the branching ratios of exclusive two-body charmless h
ronic decaysB→PP,PV,VV from new gluonic and elec
troweak charged-Higgs penguin diagrams in the general t
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Higgs-doublet models~models I, II, and III!.1 We try to
check the size and pattern of new physics effects on
exclusive two-body charmlessB meson decays and to see
the new physics contributions in model III can be lar
enough to provide the required enhancements forB→Kh8
decay modes. We will present our systematic calculation
branching ratios for seventy sixB→h1h2 decay modes by
employing the effective Hamiltonian with the generaliz
factorization@7,9#. We evaluate analytically all new stron
and electroweak penguin diagrams induced by exchange
charged Higgs bosons in the quark level processesb→qV*
with qP$d,s% and VP$gluon,g,Z%, and then combine the
new physics contributions with their SM counterparts a
finally calculate the branching ratios for all seventy six e
clusiveB→h1h2 decay modes.

This paper is organized as follows. In Sec. II, we descr
the basic structures of the 2HDM’s and examine the allow
parameter space of the general 2HDM’s from currently av
able data. In Sec. III, we evaluate analytically the new p
guin diagrams, combine the new physics contributions w
their SM counterparts and find the effective Wilson coe
cientsCi

eff . In Sec. IV, we present the formulas needed
calculate the branching ratiosB(B→h1h2). In the following
three sections, we calculate and show numerical result
branching ratios forB→PP, PV, and VV decay modes,
respectively. We concentrate on those decay modes
well-measured branching ratios and sizable yields. The c
clusions and discussions are included in the final section

II. THE GENERAL 2HDM AND EXPERIMENTAL
CONSTRAINTS

The simplest extension of the SM is the so-called tw
Higgs-doublet models@37#. In such models, the tree leve
flavor changing neutral currents~FCNC’s! are absent if one
introduces anad hoc discrete symmetry to constrain th
2HDM scalar potential and Yukawa Lagrangian. Let us co
sider a Yukawa Lagrangian of the form@38#

LY5h i j
UQ̄i ,Lf̃1U j ,R1h i j

DQ̄i ,Lf1D j ,R1j i j
UQ̄i ,Lf̃2U j ,R

1j i j
DQ̄i ,Lf2D j ,R1H.c., ~1!

where f i ( i 51,2) are the two Higgs doublets of a two
Higgs-doublet model,f̃1,25 i t2f1,2* , Qi ,L (U j ,R) with i
5(1,2,3) are the left-handed isodoublet quarks~right-handed
up-type quarks!, D j ,R are the right-handed isosinglet down
type quarks, whileh i , j

U,D andj i , j
U,D ( i , j 51,2,3 are family in-

dex! are generally the nondiagonal matrices of the Yuka
coupling. By imposing the discrete symmetry

f1→2f1 , f2→f2 , Di→2Di , Ui→7Ui ~2!

one obtains the so-called models I and II. In model I the th
and fourth terms in Eq.~1! will be dropped by the discrete

1In the following, B always meansBu or Bd mesons. We do not
consider the decays ofBs meson here.
5-2
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symmetry, therefore, both the up- and down-type quarks
mass from Yukawa couplings to the same Higgs doubletf1,
while the f2 has no Yukawa couplings to the quarks. F
model II, on the other hand, the first and fourth term in E
~1! will be dropped by imposing the discrete symmet
Model II has, consequently the up- and down-type qua
getting mass from Yukawa couplings to two different sca
doubletsf1 andf2.

During recent years, models I and II have been stud
extensively in literature and tested experimentally, a
model II has been very popular since it is the building blo
of the minimal supersymmetric standard model. In this
per, we focus on the third type of the two-Higgs-doub
model @39#, usually known as model III@38,39#. In model
III, no discrete symmetry is imposed and both up- and dow
type quarks then may have diagonal and/or flavor chang
couplings withf1 andf2. As described in Ref.@38#, one can
choose a suitable basis (H0,H1,H2,H6) to express two
Higgs doublets@38#

f15
1

A2
S A2x1

v1H01 ix0D , f25
1

A2
S A2H1

H11 iH 2D , ~3!

and take their vacuum expectation values as the form

^f1&5S 0

v/A2D , ^f2&50, ~4!

wherev5(A2GF)21/25246 GeV. The transformation rela
tion between (H0,H1,H2) and the mass eigenstate
(H̄0,h0,A0) can be found in Ref.@38#. TheH6 are the physi-
cal charged Higgs boson,H0 and h0 are the physical
CP-even neutral Higgs boson and theA0 is the physical
CP-odd neutral Higgs boson. After the rotation of qua
fields, the Yukawa Lagrangian of quarks are of the form@38#

L Y
III 5h i j

UQ̄i ,Lf̃1U j ,R1h i j
DQ̄i ,Lf1D j ,R1 ĵ i j

UQ̄i ,Lf̃2U j ,R

1 ĵ i j
DQ̄i ,Lf2D j ,R1H.c., ~5!

whereh i j
U,D correspond to the diagonal mass matrices of

and down-type quarks, while the neutral and charged fla
changing couplings will be@38#2

j i j
U,D5

Amimj

v
l i j , ĵneutral

U,D 5jU,D,

ĵcharged
U 5jUVCKM , ĵcharged

D 5VCKMjD, ~6!

where VCKM is the Cabibbo-Kobayashi-Maskawa mixin
matrix @40#, i , j 5(1,2,3) are the generation index. The co
pling constantsl i j are free parameters to be determined
experiments, and they may also be complex.

2We make the same ansatz on thej i j
U,D couplings as the Ref.@38#.

For more details about the definition ofĵU,D one can see Ref.@38#.
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In model II and setting tanb5v2 /v1>1 (v1 andv2 are
the vacuum expectation values of the Higgs doubletf1 and
f2), the constraint on the massMH1 due to CLEO data of
b→sg @41# is MH1*200 GeV for the charged Higgs boso
in the 2HDM at the NLO level@42#. For model I, however,
the limit can be much weaker due to the possible destruc
interference with the SM amplitude.

For model III, the situation is not as clear as model
because there are more free parameters here. As pointe
in Ref. @38#, the data ofK0-K̄0 andBd

0-B̄d
0 mixing processes

put severe constraints on the FC couplings involving the fi
generation of quarks. Imposing the limitl1 j50 for j
5(1,2,3) and assuming all otherl i j parameters are of orde
1, Atwood et al. @43# found a very strong constraint o
MH1.600 GeV by using the CLEO data ofb→sg decay
available in 1995. But this constraint can be lowered
MH1>400 GeV by using the new CLEO data ofb→sg
decay@35#. In Ref. @44#, Aliev et al. studied theb→sg de-
cay in model III by extending the NLO results of model
@42# to the case of model III, and found the constraint on t
FC couplings.

In a recent paper@45#, Chaoet al. studied the decayb
→sg by assuming that only the couplingsl tt5ul ttueiu t and
lbb5ulbbueiub are nonzero. They found that the constra
on MH1 imposed by the CLEO data ofb→sg can be greatly
relaxed by considering the phase effects ofl tt and lbb .
From the studies of Refs.@35,45#, we know that for model III
the parameter space

l i j 50 for i j Þtt, or bb,

ul ttu50.3, ulbbu535, u5~0°230°!,

MH15~2006100! GeV, ~7!

are allowed by the available data, whereu5ub2u t .
From the CERNe1e2 collider ~LEP! and Tevatron

searches for charged Higgs bosons@46,47#, the new com-
bined constraint in the (MH1,tanb) plane has been given
for example, in Ref.@48#: the direct lower limit isMH1

.77 GeV, while 0.5<tanb<60 for a relatively light
charged Higgs boson withMH1;100 GeV. Combining the
direct and indirect limits together, we here conservativ
consider the range of 100 GeV<MH1<300 GeV, while
take MH15200 GeV as the typical value for models I, I
and III. For models I and II we consider the range of
<tanb<50, while take tanb52 as the typical value. In the
following sections, we calculate the new physics contrib
tions to the exclusive two-body charmless decays ofB meson
in the Chao-Cheung-Keung~CCK! scenario of model III
@45#. Model III in the CCK scenario has the following ad
vantages

~1! Since we keep only the couplingsl tt andlbb nonzero,
the neutral Higgs bosons do not contribute at tree leve
one-loop level. The new contributions therefore come o
from the charged Higgs penguin diagrams with the hea
internal top quark.

~2! The new operatorsO9,10 and all flipped chirality part-
ners of operatorsO1, . . . ,10 as defined in Ref.@44# do not
5-3
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contribute to the decayb→sg and the exclusive two-body
charmless hadronicB decays under study in this paper.

~3! The free parameters are greatly reduced tol tt , lbb ,
andMH1 in model III, and tanb andMH1 in models I and
II.

III. EFFECTIVE WILSON COEFFICIENTS IN THE SM
AND 2HDM’S

In this section we evaluate the new gluonic and el
troweak penguin diagrams and present the well-known ef
tive Hamiltonian for the two-body charmless decaysB
→h1h2 with the inclusion of new physics contributions. F
more details about the effective Hamiltonian with gener
ized factorization forB decays one can see, for examp
Refs.@7,9#.

A. Operators and Wilson coefficients

The standard theoretical frame to calculate the inclus
three-body decaysb→sq̄q is based on the effective Hami
tonian @12,7#3

Heff~DB51!5
GF

A2
H (

j 51

2

Cj~VubVus* Qj
u1VcbVcs* Qj

c!

2VtbVts* F (
j 53

10

CjQj1CgQgG J , ~8!

whereCj and Cg are Wilson coefficients, and the operat
basis reads

Q15~ s̄q!V2A~ q̄b!V2A , Q25~ s̄aqb!V2A~ q̄bba!V2A ,
~9!

with q5u andq5c, and

Q35~ s̄b!V2A(
q8

~ q̄8q8!V2A ,

Q45~ s̄abb!V2A(
q8

~ q̄8bqa8 !V2A , ~10!

Q55~ s̄b!V2A(
q8

~ q̄8q8!V1A ,

Q65~ s̄abb!V2A(
q8

~ q̄8bqa8 !V1A , ~11!

Q75
3

2
~ s̄b!V2A(

q8
eq8~ q̄8q8!V1A ,

Q85
3

2
~ s̄abb!V2A(

q8
eq8~ q̄8bqa8 !V1A , ~12!

3For b→dq̄q decays, one simply makes the replacements→d.
07400
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Q95
3

2
~ s̄b!V2A(

q8
eq8~ q̄8q8!V2A ,

Q105
3

2
~ s̄abb!V2A(

q8
eq8~ q̄8bqa8 !V2A , ~13!

Qg5
gs

8p2
mbs̄asmn~11g5!Tab

a bbGmn
a , ~14!

where a and b are the SU(3) color indices, Tab
a (a

51, . . . ,8) are theGell-Mann matrices. The sum overq8
runs over the quark fields that are active at the scalem
5O(mb), i.e., q8P$u,d,s,c,b%. Q1 and Q2 are current-
current operators,Q3,4,5,6 and Q7,8,9,10 are QCD and elec-
troweak penguin operators, andQg is the chromomagnetic
dipole ~CMD! operator. Following Ref.@7#, we also neglect
the effects of the electromagnetic penguin operatorQ7g , and
do not consider the effects of the weak annihilation and
change diagrams.

In the SM, the Wilson coefficientsC1(MW), . . . ,
C10(MW) at NLO level andCg(MW) at leading order~LO!
have been defined, for example, in Refs.@11,12#. The ex-
plicit expressions of the coefficients in the naive dimensio
regularization~NDR! scheme can also be found easily
Refs.@11,12#.

B. Contributions of the charged-Higgs penguin diagrams

For the charmless hadronic decays ofB meson under con-
sideration, the new physics will manifest itself by modifyin
the corresponding Inami-Lim functions@49# C0(x), D0(x),
E0(x), and E08(x) which determine the coefficient
C3(MW), . . . ,C10(MW) and Cg(MW) in the SM. These
modifications, in turn, will change for example the standa
model predictions for the branching ratios of decaysB
→h1h2. The new strong and electroweak penguin diagra
can be obtained from the corresponding penguin diagram
the SM by replacing the internalW6 lines with the charged-
Higgs H6 lines, as shown in Fig. 1. In the analytical calc
lations of those penguin diagrams, we use the dimensio
regularization to regulate all the ultraviolet divergence in t
virtual loop corrections and adopt the MS̄renormalization
scheme. It is easy to show that all the ultraviolet divergen
is canceled after summing up all Feynman diagrams.

By evaluating analytically the newZ0, g, and gluonic
penguin diagrams induced by the exchanges of charg
Higgs bosonH6 in the model III, we find the newC0 , D0 ,
E0, andE08 functions

C0
III 5

2xt

16 F yt

12yt
1

yt

~12yt!
2

ln@yt#G ul ttu2, ~15!

D0
III 52

1

3
H~yt!ul ttu2, ~16!

E0
III 52

1

2
I ~yt!ul ttu2, ~17!
5-4
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E08
III 5

1

6
J~yt!ul ttu22K~yt!ul ttlbbueiu, ~18!

with

H~y!5
38y279y2147y3

72~12y!3
1

4y26y213y4

12~12y!4
ln@y#, ~19!

I ~y!5
16y229y217y3

36~12y!3
1

2y23y2

6~12y!4
log@y#, ~20!

J~y!5
2y15y22y3

4~12y!3
1

3y2

2~12y!4
log@y#, ~21!

K~y!5
23y1y2

4~12y!2
2

y

2~12y!3
log@y#, ~22!

wherext5mt
2/MW

2 , yt5mt
2/MH1

2 , and the small terms pro
portional tomb

2/mt
2 have been neglected.

In models I and II, one can find the corresponding fun
tions C0 , D0 , E0, andE08 by evaluating the new strong an
electroweak penguin diagrams in the same way as in m
III

C0
I 5C0

II5
2xt

8 tan2 b
F yt

12yt
1

yt

~12yt!
2

ln@yt#G , ~23!

D0
I 5D0

II52
2

3 tan2 b
H~yt!, ~24!

E0
I 5E0

II2
1

tan2 b
I ~yt!u, ~25!

FIG. 1. Typical one-loop Feynman diagrams for the quark le
decaysb→(s,d)V* (V5g,Z0,g), with W6 ~internal wave lines!
and charged-Higgs exchanges~internal dashed lines! in the SM and
two-Higgs-doublet models. The internal quarks are the upper t
quarku, c, andt.
07400
-

el

E08
I5

1

3 tan2 b
@J~yt!26K~yt!#, ~26!

E08
II5

1

3 tan2 b
J~yt!12K~yt!, ~27!

whereyt5mt
2/MH1

2 .
We combine the SM part and the new physics part of

corresponding functions to define the functions at the sc
m5MW as follows:

F0~MW!5F0
SM1F0

NP, ~28!

whereF0P$C0 ,D0 ,E0 ,E08%. The explicit expressions of the
functionsC0 , D0 , E0, andE08 in the SM can be found, for
example, in Ref.@12#.

Since the heavy new particles appeared in the 2HDM
have been integrated out at the scaleMW , the QCD running
of the Wilson coefficientsCi(MW) down to the scalem
5O(mb) after including the new physics contributions w
be the same as in the SM. By using QCD renormalizat
group equations@11,12#, it is straightforward to run Wilson
coefficientsCi(MW) from the scalem50(MW) down to the
lower scalem5O(mb). Working consistently to the NLO
precision, the Wilson coefficientsCi for i 51, . . . ,10 are
needed in NLO precision, while it is sufficient to use th
leading logarithmic value forCg :

C~m!5U~m,MW!C~MW!, ~29!

Cg~m!5h14/23Cg~MW!1(
i 51

8

h̄ih
ai, ~30!

where C(MW)5@C1(MW), . . . ,C10(MW)#T, U(m,MW) is
the five-flavor 10310 evolution matrix at NLO level as de
fined in Ref.@11#, h5as(MW)/as(m), and the constantsh̄i
andai can also be found in Ref.@11#.

At the NLO level, the Wilson coefficients are usual
renormalization scheme~RS! dependent. In the NDR
scheme, by using the input parameters as given in Appen
and Eq.~7!, and settingMH15200 GeV,u50°, tanb52
and m52.5 GeV, we find the Wilson coefficientsCg

eff(m)
5Cg1C5 andCi(m) with i 51, . . . ,10 in the SM andmod-
els I, II, and III, and list them in Table I. From the numeric
results as listed in Table I, one can easily see the followi

The values ofCi(m) ( i 51, . . .,10) in models I, II, and
III are almost identical with those in the SM. Only the coe
ficient Cg

eff in models II and III are clearly different from tha
in the SM.

It is the coefficientCg
eff partially induced by the new glu

onic penguin diagrams which dominates the total new ph
ics corrections to the decay processes under study.

C. The effective Wilson coefficients

We know that the unphysical RS dependence of Wils
coefficients will be cancelled by the corresponding dep

l

e
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TABLE I. Wilson coefficientsCi(m) and Cg
eff(m) in the SM and models I, II, and III at the scalem

52.5 GeV, withMH15200 GeV, tanb52 andu50°,30°.

SM Model I Model II Model III: u50° Model III: u530°

C1 1.1245 1.1245 1.1245 1.1245 1.1245
C2 20.2662 20.2662 20.2662 20.2662 20.2662
C3 0.0186 0.0187 0.0187 0.0186 0.0186
C4 20.0458 20.0458 20.0458 20.0458 20.0458
C5 0.0113 0.0113 0.0113 0.0113 0.0113
C6 20.0587 20.0585 20.0585 20.0587 20.0587
C7 0.0006 0.0006 0.0006 0.0006 0.0006
C8 0.0007 0.0007 0.0007 0.0007 0.0007
C9 20.0095 20.0099 20.0099 20.0096 20.0096
C10 0.0026 0.0027 0.0027 0.0026 0.0026
Cg

eff 20.1527 20.1321 20.2487 0.3364 0.270810.2448i
re

ti
el
ec
tio
ive

o

-

-
in
dence in the matrix elements of the operators inHeff , as
shown explicitly in Refs.@12,50#. Very recently, Chenget al.
@18# studied and resolved the so-called gauge and infra
problems@17# of generalized factorization approach.4 They
found that the gauge invariance is maintained under radia
corrections by working in the physical on-mass-sh
scheme, while the infrared divergence in radiative corr
tions should be isolated using the dimensional regulariza
and the resultant infrared poles are absorbed into the un
sal meson wave functions@18#.

The one-loop matrix elements can be rewritten in terms
the tree-level matrix elements of the effective operators@7#

^sq8q̄8uHeffub&5(
i , j

Ci
eff~m!^sq8q̄8uOj ub& tree, ~31!

whereCi
eff(m) ( i 51, . . .,10) are the effective Wilson coef

ficients. In the NDR scheme and forSU(3)C , the effective
07400
d

ve
l
-
n
r-

f

Wilson coefficientsCi
eff can be written as@7,9#

Ci
eff5F11

as

4p S r V
T1gV

T log
mb

m D G
i j

Cj

1
as

24p
Ai8~Ct1Cp1Cg!1

aew

8p
Bi8Ce , ~32!

where Ai85(0,0,21,3,21,3,0,0,0,0)T, Bi85(0,0,0,0,0,0,1,0,

1,0)T, the matrices r̂ V and gV contain the process
independent contributions from the vertex diagrams. As
Ref. @9#, we include vertex corrections toC72C10 here.5 The
anomalous dimension matrixgV has been given explicitly,
for example, in Eq.~2.17! of Ref. @9#. Note that the correct
value of the element (r̂ NDR)66 and (r̂ NDR)88 should be 17
instead of 1 as pointed out in Ref.@51#; r̂ V in the NDR
scheme takes the form
r̂ V
NDR51

3 29 0 0 0 0 0 0 0 0

29 3 0 0 0 0 0 0 0 0

0 0 3 29 0 0 0 0 0 0

0 0 29 3 0 0 0 0 0 0

0 0 0 0 21 3 0 0 0 0

0 0 0 0 23 17 0 0 0 0

0 0 0 0 0 0 21 3 0 0

0 0 0 0 0 0 23 17 0 0

0 0 0 0 0 0 0 0 3 29

0 0 0 0 0 0 0 0 29 3

2 . ~33!

4The reliability of the generalized factorization approach is improved by this progress.
5Numerically, such corrections are negligibly small.
5-6
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The functionsCt , Cp , andCg describe the penguin-typ
corrections to the operatorsQ1,2, Q3, . . . ,6, and the tree-leve
diagram of the operatorQg , respectively. We here follow
the procedure of Ref.@15# to include Cg in Eq. ~32!. The
effective Wilson coefficientsCi

eff in Eq. ~32! are now scheme
and scale independent in NLO precision, and also gauge
variant and infrared safe. The explicit expressions of fu
tions Ct , Cp , andCg in the NDR scheme have been give
for example, in Refs.@7,9#:

Ct5F2

3
1

lu

l t
G~mu!1

lc

l t
G~mc!GC1 , ~34!

Cp5F4

3
2G~mq!2G~mb!GC3

1 (
i 5u,d,s,c,b

F2

3
2G~mi !G~C41C6!, ~35!

Ce5
8

9 F2

3
1

lu

l t
G~mu!1

lc

l t
G~mc!G~C113C2!,

~36!

Cg52
2mb

A^k2&
Cg

eff , ~37!

with lq8[Vq8bVq8q
* . The functionG(m) is of the form@52#

G~m!5
10

9
2

2

3
lnFm2

m2G1
2m2

3m2
2

2~112z!

3z
g~z!, ~38!

wherez5k2/(4m2) and

g~z!55A
12z

z
arctanF z

12zG , z,1,

A12z

4z F lnFAz1Az21

Az2Az21
G2 ipG , z.1,

~39!

wherek is the momentum transferred by the virtual gluo
photon, orZ to the q8q8̄ quark pair in the inclusive three
body decaysb→qq8q8̄, and m is the mass of internal up
type quark in the penguin diagrams. Fork2.4m2, an imagi-
nary part ofg(z) will appear because of the generation o
strong phase at theūu and c̄c threshold@52–54#.

For the two-body exclusiveB meson decays any informa
tion onk2 is lost in the factorization assumption, and it is n
clear what ‘‘relevant’’k2 should be taken in numerical ca
culation. One usually uses the ‘‘physical’’ range fork2:
mb

2/4&k2&mb
2/2. Following Refs. @7,9#, we also usek2

5mb
2/2 in the numerical calculation and will consider thek2

dependence of branching ratios of charmlessB meson decays
for several typical decay channels.
07400
n-
-

,

t

IV. DECAY AMPLITUDES IN THE BSW MODEL

In numerical calculations, two sets of form factors at t
zero momentum transfer from the Bauer, Stech, and Wir
~BSW! model @13#, as well as lattice QCD and light-con
QCD sum rules~LQQSR! @55# will be used, respectively
Explicit values of these form factors can be found in Ref.@7#
and have also been given in the Appendix. Following R
@7#, the seventy six decay channels ofBu andBd mesons are
classified into five classes according to theirNeffdependence.

Class I: including five decay modesB0→p2p1, r6p7,
andB0→r2K1, the large andNeff stable coefficienta1 plays
the major role.

Class II: including twelve decay modes, for exampleB0

→p0p0, and the relevant coefficient for these decays isa2
which shows a strongNeff dependence.

Class III: including eleven decay modes involving the i
terference of class-I and class-II decays, such as the de
B1→p1h8.

Class IV: including twenty-eightB→h1h2 decay modes
such asB→Kh (8) decays. The amplitudes of these deca
involve one~or more! of the dominant penguin coefficient
a4,6,9 with constructive interference among them. The cla
IV decays areNeff stable.

Class V: including twentyB→h1h2 decay modes, such a
B→p0h (8) and B→fK decays. Since the amplitudes o
these decays involve large and delicate cancellations du
interference between strongNeff-dependent coefficients
a3,5,7,10 and the dominant penguin coefficientsa4,6,9, these
decays are generally not stable againstNeff.

With the factorization ansatz@13,56,57#, the three-hadron
matrix elements or the decay amplitudes^XYuHe f fuB& can be
factorized into a sum of products of two current matr
elements ^XuJ1

mu0& and ^YuJ2muB& ~or ^YuJ1
mu0& and

^XuJ2muB&). The explicit expressions of the matrix elemen
in terms of decay constants (f X ,gX) and the Lorentz-scala
form factorsA0,1,2(k

2) and F0,1(k
2) can be found, for ex-

ample, in Refs.@13,58,7#.
In the B rest frame, the branching ratios of two-bodyB

meson decays can be written as

B~B→XY!5tB

upu

8pMB
2

uM ~B→XY!u2 ~40!

for B→PP decays, and

B~B→XY!5tB

upu3

8pMV
2

uM ~B→XY!/~epB!u2 ~41!

for B→PV decays. Heret(Bu
2)51.65 ps andt(Bd

0)51.56
ps @59#, pB is the four-momentum of theB meson,MV ande
are the mass and polarization vector of the produced l
vector meson, respectively, andupu is the magnitude of mo-
mentum of particleX andY in the B rest frame

upu5
1

2MB
A@MB

22~MX1MY!2#@MB
22~MX2MY!2#.

~42!
5-7
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TABLE II. Numerical values ofai for the transitionsb→d @ b̄→d̄#. The first, second, and third entries fo
a3 , . . . ,a10 refer to the values ofai in the SM and models II and III, respectively. All entries fora3 , . . . ,a10

should be multiplied by 1024.

Neff52 Neff53 Neff5`

a1 0.995@0.995# 1.061@1.061# 1.192@1.192#
a2 0.201@0.201# 0.003@0.003# 20.395@20.395#
a3 21627i @225223i # 77 @77# 261113i @280147i #

21027i @219223i # 77 @77# 252113i @271147i #
24027i @249223i # 77 @77# 310113i @329147i #

a4 2423233i @24702117i # 2467235i @25172125i # 2554239i @26102141i #
2398233i @24452117i # 2440235i @24902125i # 2524239i @25812141i #
2546233i @25922117i # 2597235i @26482125i # 2701239i @27572141i #

a5 219327i @2202223i # 271 @271# 171113i @190147i #
218727i @2196224i # 271 @271# 161113i @180147i #
221727i @2226223i # 271 @271# 220113i @239147i #

a6 2642233i @26892117i # 2671235i @27212125i # 2728239i @27842141i #
2616233i @26632117i # 2642235i @26932125i # 2696239i @27522141i #
2764233i @28112117i # 2801235i @28512125i # 2874239i @29312141i #

a7 8.120.9i @7.721.7i # 6.820.9i @6.421.7i # 4.320.9i @3.921.7i #
9.320.9i @8.921.7i # 8.020.9i @7.521.7i # 5.320.9i @4.921.7i #
8.320.9i @7.921.7i # 7.020.9i @6.621.7i # 4.520.9i @4.121.7i #

a8 9.720.5i @9.520.8i # 9.020.3i @8.820.6i # 7.5 @7.5#
1120.5i @1120.8i # 9.920.3i @9.720.6i # 8.1 @8.1#
9.920.5i @9.720.8i # 9.120.3i @9.020.6i # 7.6 @7.6#

a9 28420.9i @28421.7i # 29020.9i @29021.7i # 210220.9i @210221.7i #
28720.9i @28721.7i # 29320.9i @29421.7i # 210620.9i @210621.7i #
28420.9i @28521.7i # 29020.9i @29121.7i # 210320.9i @210321.7i #

a10 21420.5i @21520.8i # 2.620.3i @2.520.6i # 37 @37#

21520.5i @21520.8i # 2.820.3i @2.720.6i # 38 @38#

21520.5i @21520.8i # 2.720.3i @2.520.6i # 37 @37#
it

o

il-
n

a-
d
tive

ad-
itive

hat
For B→VV decays, one needs to evaluate the helic
matrix elementsHl5^V1(l)V2(l)uHeffuB)& with l50,61.
The branching ratio of the decayB→V1V2 is given in terms
of Hl by

B~B→V1V2!5tB

upu

8pMB
2 @ uH0u21uH11u21uH21u2#.

~43!

The three independent helicity amplitudesH0 , H11, and
H21 can be expressed by three invariant amplitudesa,b,c
defined by the decomposition

Hl5 i em~l!hn~l!Fagmn1
b

M1M2
pmpn

1
ic

M1M2
emnabp1

apbG , ~44!

wherep1,2 and M1,2 are the four momentum and masses
V1,2, respectively.p5p11p2 is the four-momentum of the
B meson, and

H615a6cAx221, H052ax2b~x221!, ~45!
07400
y

f

x5
MB

22M1
22M2

2

2M1M2
. ~46!

In the generalized factorization ansatz, the effective W
son coefficientsCi

eff will appear in the decay amplitudes i
the combinations

a2i 21[C2i 21
eff 1

C2i
eff

Neff
, a2i[C2i

eff1
C2i 21

eff

Neff
, ~ i 51, . . . ,5!,

~47!

where the effective number of colorsNeff is treated as a free
parameter varying in the range of 2<Neff<`, in order to
model the nonfactorizable contribution to the hadronic m
trix elements. It is evident that the reliability of generalize
factorization approach has been improved since the effec
Wilson coefficientsCi

eff appeared in Eq.~47! are now gauge
invariant and infrared safe. AlthoughNeff can in principle
vary from channel to channel, in the energetic two-body h
ronic B meson decays, it is expected to be process insens
as supported by the data@9#. As argued in Ref.@14#,
Neff(LL) induced by the (V2A)(V2A) operators can be
rather different fromNeff(LR) generated by (V2A)(V1A)
operators. In this paper, however, we will simply assume t
5-8
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TABLE III. Same as Table II but forb→s @ b̄→ s̄# transitions.

Neff52 Neff53 Neff5`

a1 0.995@0.995# 1.061@1.061# 1.192@1.192#
a2 0.201@0.201# 0.026@0.026# 20.395@20.395#
a3 221214i @219214i # 77 @77# 272129i @269129i #

215214i @214214i # 77 @77# 262129i @260129i #
245214i @244214i # 77 @77# 320129i @318129i #

a4 2449272i @2442272i # 2494277i @2487277i # 2585286i @2576286i #
2424272i @2417272i # 2468277i @2460277i # 2555287i @2547287i #
2571272i @2564272i # 2625277i @2617277i # 2732286i @2723286i #

a5 2198214i @2196214i # 271 @271# 181129i @179129i #
2192214i @2191214i # 271 @271# 172129i @169129i #
2222214i @2221214i # 271 @271# 230129i @228129i #

a6 2667272i @2660272i # 2698277i @2691277i # 2758286i @2750286i #
2641272i @2635272i # 2670277i @2663277i # 2727287i @2719287i #
2790272i @2783272i # 2828277i @2821277i # 2905286i @2897287i #

a7 7.921.3i @7.921.3i # 6.621.3i @6.721.3i # 4.121.3i @4.221.3i #
9.121.3i @9.221.3i # 7.721.3i @7.821.3i # 5.021.3i @5.121.3i #
8.121.3i @8.221.3i # 6.821.3i @6.921.3i # 4.321.3i @4.321.3i #

a8 9.620.6i @9.620.6i # 8.920.4i @8.920.4i # 7.5 @7.5#
10.620.6i @10.620.6i # 9.820.4i @9.820.4i # 8.1 @8.1#
9.820.6i @9.820.6i # 9.120.4i @9.120.4i # 7.6 @7.6#

a9 28421.3i @28421.3i # 29021.3i @29021.3i # 210221.3i @210221.3i #
28721.3i @28721.3i # 29421.3i @29421.3i # 210621.3i @210621.3i #
28521.3i @28421.3i # 29121.3i @29121.3i # 210321.3i @210321.3i #

a10 21520.6i @21420.6i # 2.620.4i @2.620.4i # 37 @37#

21520.6i @21520.6i # 2.820.4i @2.820.4i # 38 @38#

21520.6i @21520.6i # 2.620.4i @2.620.4i # 37 @37#
l-

g

at
n
m

n
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in
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on
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ht-

Neff(LL)[Neff(LR)5Neff and consider the variation ofNeff

in the range of 2<Neff<` since we here focus on the ca
culation of new physics effects on the studiedB meson de-
cays induced by the new penguin diagrams in the two-Hig
doublet models. For more details about the cases
Neff(LL)ÞNeff(LR), one can see, for example, Ref.@9#. We
here will also not consider the possible effects of final st
interaction ~FSI! and the contributions from annihilatio
channels although they may play a significant role for so
B meson decays.

Using the input parameters as given in the Appendix, a
assumingk25mb

2/2, MH15200 GeV,u50° and tanb52,
the theoretical predictions of effective coefficientsai are cal-
culated and displayed in Tables II and III for the transitio
b→d (b̄→d̄) and b→s (b̄→ s̄), respectively. For coeffi-
cients a3 , . . . ,a10, the first, second and third entries
Tables II,III refer to the values ofai in the SM and models II
and III, respectively.ai in model I is very similar with those
in the SM and hence was not given explicitly.

All branching ratios in the following three sections are t
averages of the branching ratios ofB and anti-B decays. The
ratio dB describes the magnitude of new physics correcti
on the SM predictions of the decay ratios and is defined

dB~B→XY!5
B~B→XY!2HDM2B~B→XY!SM

B~B→XY!SM
. ~48!
07400
s-
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V. B\PP DECAYS

Using formulas as given in the last section, it is straig
forward to find the decay amplitudes ofB→PP decays. As
an example, we present here the decay amplitudeM (B2

→p2p0)5^p2p0uHe f fuBu
2&,

M ~B2→p2p0!

5
GF

2
XVubVud* ~a1Muud

p2p0
1a2Mduu

p2p0
!

2VtbVtd* H @a41a101~a61a8!R1#Mduu
p2p0

2Fa41
3

2
~a72a9!2

a10

2
1S a62

a8

2 DR2GMuud
p2p0J C

~49!

with

R15
2mp2

2

~mb2mu!~mu1md!
, ~50!

R25
mp0

2

md~mb2md!
, ~51!

Muud
p2p0

52 i ~mB
22mp2

2
! f pF0

B→p~mp0
2

!, ~52!
5-9



C.L.

.0

ZHENJUN XIAO, CHONG SHENG LI, AND KUANG-TA CHAO PHYSICAL REVIEW D63 074005
TABLE IV. B(B→PP) ~in units of 1026) in the SM using the BSW@LQSSR# form factors, withk2

5mb
2/2 andNeff52,3,̀ . The last column shows the CLEO measurements and upper limits at 90%

@22–25#.

Channel Class Neff52 Neff53 Neff5` Data

B0→p1p2 I 9.10 @10.8# 10.3 @12.3# 13.0 @15.5# 4.321.5
11.660.5

B0→p0p0 II 0.28 @0.33# 0.15 @0.18# 0.92 @1.09# ,9.3
B1→p1p0 III 6.41 @7.62# 5.06 @6.02# 2.85 @3.39# ,12.7
B0→hh II 0.14 @0.17# 0.10 @0.13# 0.29 @0.36# ,18
B0→hh8 II 0.14 @0.17# 0.08 @0.09# 0.38 @0.45# ,27
B0→h8h8 II 0.04 @0.05# 0.01 @0.01# 0.13 @0.15# ,47
B1→p1h III 3.51 @4.25# 2.78 @3.37# 1.75 @2.13# ,5.7
B1→p1h8 III 2.49 @2.90 1.88@2.17# 1.02 @1.17# ,12
B0→p0h V 0.26 @0.31# 0.29 @0.35# 0.39 @0.47# ,2.9
B0→p0h8 V 0.06 @0.07# 0.08 @0.09# 0.14 @0.17# ,5.7

B1→K1p0 IV 12.0 @14.3# 13.5 @16.0# 16.7 @19.8# 11.622.721.3
13.011.4

B0→K1p2 IV 17.8 @21.2# 19.8 @23.5# 24.0 @28.5# 17.222.4
12.561.2

B1→K0p1 IV 19.9 @23.7# 23.2 @27.7# 30.6 @36.4# 18.224.0
14.661.6

B0→K0p0 IV 7.27 @8.68# 8.31 @9.92# 10.7 @12.7# 14.625.123.3
15.912.4

B1→K1h IV 3.91 @4.37# 4.56 @5.10# 6.07 @6.80# ,6.9
B1→K1h8 IV 22.6 @26.2# 28.5 @33.1# 42.4 @49.2# 8029

11067
B0→K0h IV 3.22 @3.57# 3.63 @4.02# 4.58 @5.07# ,9.3
B0→K0h8 IV 21.9 @25.5# 28.2 @32.7# 43.0 @49.9# 89216

11869

B1→K1K̄0 IV 1.16 @1.35# 1.35 @1.58# 1.78 @2.07# ,5.1

B0→K0K̄0 IV 1.10 @1.28# 1.28 @1.49# 1.68 @1.96# ,17

TABLE V. B(B→PP) ~in units of 1026) in model III using the BSW form factors, withk25mb
2/2,

Neff52,3,̀ , MH15200 GeV andu50°,30°, respectively.

u50° dB @%# u530° dB @%#

Channel 2 3 ` 2 3 ` 2 3 ` 2 3 `

B0→p1p2 9.33 10.6 13.3 2.5 2.5 2.4 8.83 10.0 12.6 23.0 23.1 23.1
B0→p0p0 0.36 0.25 1.03 30 61 13 0.39 0.23 0.92 40 5220.5
B1→p1p0 6.41 5.06 2.85 0.0 0.0 0.0 6.41 5.06 2.85 0.0 0.0 0
B0→hh 0.18 0.15 0.36 29 47 21 0.16 0.14 0.38 15 39 29
B0→hh8 0.19 0.13 0.46 29 68 20 0.16 0.12 0.506 9.6 57 30
B0→h8h8 0.05 0.02 0.15 20 127 17 0.04 0.02 0.1625.4 103 30
B1→p1h 3.82 3.13 2.20 8.7 13 26 3.48 2.81 1.9521.1 1.2 12
B1→p1h8 2.63 2.05 1.27 5.4 9.0 24 2.37 1.81 1.0924.8 23.5 6.5
B0→p0h 0.39 0.44 0.59 50 51 49 0.36 0.42 0.57 39 43 46
B0→p0h8 0.11 0.14 0.25 92 91 72 0.10 0.13 0.25 65 76 70
B1→K1p0 17.4 19.6 24.4 45 45 46 17.2 19.3 23.8 43 43 43
B0→K1p2 26.8 29.9 36.5 51 51 53 26.5 29.5 36.1 49 49 51
B1→K0p1 29.8 34.6 45.3 50 49 48 28.6 33.3 43.5 44 43 42
B0→K0p0 11.4 13.0 16.7 57 57 56 10.8 12.5 16.1 49 50 51
B1→K1h 5.69 6.63 8.78 45 45 45 5.30 6.22 8.34 36 36 37
B1→K1h8 38.0 46.9 67.5 68 65 59 36.8 45.2 64.9 63 59 53
B0→K0h 4.86 5.50 6.93 51 51 51 4.63 5.27 6.73 44 45 47
B0→K0h8 36.7 45.9 67.3 67 63 57 35.1 43.8 64.2 60 56 49

B1→K1K̄0 1.73 2.01 2.62 49 48 47 1.64 1.91 2.49 41 41 40

B0→K0K̄0 1.64 1.90 2.48 49 48 47 1.55 1.80 2.36 41 41 40
074005-10
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TABLE VI. B(B→PP) ~in units of 1026) in models I and II using the BSW form factors, withk2

5mb
2/2, Neff52,3,̀ , tanb52 andMH15200 GeV.

Model I dB @%# Model II dB @%#

Channel 2 3 ` 2 3 ` 2 3 ` 2 3 `

B0→p1p2 9.11 10.3 13.0 0.1 0.1 0.1 9.1 10.3 13.020.5 20.4 20.4
B0→p0p0 0.28 0.15 0.92 20.1 20.1 0.1 0.3 0.1 0.9 26.2 212.6 22.5
B1→p1p0 6.41 5.06 2.85 0.0 0.0 0.0 6.4 5.1 2.9 0.0 0.0 0.0
B0→hh 0.14 0.11 0.30 1.5 2.4 1.1 0.1 0.1 0.3 24.7 27.5 23.4
B0→hh8 0.14 0.08 0.38 1.0 2.3 0.7 0.1 0.1 0.4 24.8 211.4 23.5
B0→h8h8 0.04 0.01 0.13 0.3 2.0 0.2 0.04 0.01 0.1 22.7 220.2 23.1
B1→p1h 3.53 2.79 1.77 0.4 0.5 1.0 3.5 2.7 1.7 21.5 22.1 24.40
B1→p1h8 2.50 1.88 1.03 0.1 0.2 0.4 2.5 1.9 1.0 20.9 21.6 24.5
B0→p0h 0.26 0.30 0.40 1.5 1.6 1.7 0.2 0.3 0.4 29.0 29.1 28.6
B0→p0h8 0.06 0.08 0.15 0.9 0.9 0.7 0.05 0.1 0.1215.9 216.4 213.5
B1→K1p0 12.3 13.8 17.1 2.4 2.3 2.2 11.2 12.5 15.427.1 27.3 27.5
B0→K1p2 18.0 20.0 24.2 1.3 1.3 1.2 16.2 17.9 21.629.3 29.4 29.7
B1→K0p1 20.2 23.6 31.1 1.4 1.5 1.6 18.1 21.2 28.029.0 28.8 28.5
B0→K0p0 7.28 8.33 10.7 0.1 0.2 0.5 6.4 7.4 9.5211.6 211.5 211.1
B1→K1h 3.91 4.58 6.12 0.0 0.3 0.8 3.5 4.1 5.6 29.6 29.3 28.7
B1→K1h8 23.0 28.9 43.0 1.6 1.5 1.4 19.8 25.2 37.8212.1 211.6 210.8
B0→K0h 3.24 3.66 4.63 0.6 0.8 1.1 2.9 3.3 4.1 29.9 29.8 29.5
B0→K0h8 22.3 28.5 43.5 1.4 1.4 1.3 19.3 24.9 38.5212.2 211.5 210.5

B1→K1K̄0 1.18 1.37 1.81 1.4 1.5 1.6 1.1 1.2 1.6 28.9 28.7 28.4

B0→K0K̄0 1.11 1.30 1.71 1.4 1.5 1.6 1.0 1.2 1.5 28.9 28.7 28.4
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52 i ~mB
22mp0

2
! f pF0

B→p~mp2
2

!, ~53!

wheref p is the decay constant ofp meson. The form factor
F0

B→p(m2) can be found in the Appendix. Under the a
proximations of settingmu5md and mp05mp2, the decay
amplitudeM (B2→p2p0) in Eq. ~49! will be reduced to the
form as given in Eq.~80! of Ref. @7#. In the following nu-
merical calculations, we use the decay amplitudes as give
Appendix A of Ref.@7# directly without further discussion
about details of individual amplitude.

In Tables IV–VI, we present the numerical results of t
branching ratios for the twentyB→PP decays in the frame
work of the SM and models I, II, and III by using the BSW
and LQQSR form factors, respectively. Theoretical pred
tions are made by using the central values of input par
eters as given in Eq.~7! and the Appendix, and assumin
MH15200 GeV,u50°, tanb52, andNeff52,3,̀ in the
generalized factorization approach. Thek2 dependence of the
branching ratios is small in the range ofk25mb

2/262 GeV2

and hence the numerical results are given by fixingk2

5mb
2/2.

The currently available CLEO data@22–24# are listed in
the last column of Table IV. From the numerical results,
see the following.

For B→Kh8 decays, the observed branching ratios
clearly much larger than the SM predictions@25,29#. All
other estimated branching ratios in Table IV are, howev
consistent with the new CLEO, BaBar, and Belle measu
ments or upper limits.
07400
in

-
-

e
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In model III, the new physics corrections to most class
-IV, and -V decay channels can be rather large and inse
tive to the variations of the massMH1 and the color number
Neff: from 20 to 90 % with respect to the SM predictions f
both cases ofu50°,30°. For tree-dominated decay mod
B→p1p2,p1p0,p1h (8), the new physics corrections ar
small in size.

In models I and II, however, the new physics correctio
to all B→PP decay modes are small in size within the co
sidered parameter space: less than 3% in model I,
'(220–0!% in model II, as shown in Table VI. So sma
corrections will be masked by other large theoretical unc
tainties.

In model III, the new gluonic penguins will contribut
effectively through the mixing of chromomagnetic opera
Qg with QCD penguin operatorsQ32Q6. The Cg

eff will
strongly dominate the new physics contributions to allB
→h1h2 decay modes.

The central values of the branching ratios obtained
using the LQQSR form factors will be increased by abo
15% when compared with the results using the BSW fo
factors, as can be seen from Table IV. We therefore use
BSW form factors only to calculate the new physics effe
on the ratiosB(B→h1h2) and treat the difference induced b
using different set of form factors as one kind of theoreti
uncertainty.

A. B\pp,Kp decays

There are so far seven measured branching ratios oB
→PP decays: oneB→p1p2 decay, fourB→Kp, and two
B→Kh8 decays@23,24,26,27#:
5-11
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B~B→p1p2!5H ~4.321.5
11.660.5!31026 @CLEO#,

~9.322.121.4
12.811.2!31026 @BaBar#, ~54!

B~B→K1p0!5H ~11.622.721.3
13.011.4!31026 @CLEO#,

~18.824.9
15.562.3!31026 @Belle#,

~55!

B~B→K1p2!5H ~17.222.4
12.561.2!31026 @CLEO#,

~12.522.621.7
13.011.362.3!31026 @BaBar#,

~17.424.6
15.163.4!31026 @Belle#,

~56!

B~B→K0p1!5~18.224.0
14.661.6!31026 @CLEO#, ~57!

B~B→K0p0!5H ~14.625.123.3
15.912.4!31026 @CLEO#,

~2127.822.3
19.312.5!31026 @Belle#,

~58!

FIG. 2. Branching ratiosB(B→p1p2) versusMH1 and 1/Neff

in the SM and 2HDM’s. For~a! and ~b!, we setNeff53 andMH1

5200 GeV, respectively. The four adjacent curves are the theo
ical predictions in the SM and models I, II, and III, respective
The band between two dotted lines shows the CLEO data withs
error B(B→p1p2)5(4.321.6

11.7)31026.
07400
B~B→K1h8!5H ~8029
11067!31026 @CLEO#,

~6261868!31026 @BaBar#, ~59!

B~B→K0h8!5~89216
11869!31026 @CLEO#. ~60!

The measurements of CLEO, BaBar, and Belle Collabo
tions are in good agreement with each other within erro
These decays are sensitive to the relevant form fac

F0
B→p , F0

B→h , F0
B→h8 , etc., and to the value ofNeff.

As a class-I decay channel, theB0→p1p2 decay is
dominated by theb→u tree diagram. The band between tw
dotted lines in Fig. 2 shows the CLEO measurement. Si
the new physics corrections are very small in size, less t
3% within the considered parameter space, the four cur
for the SM and 2HDM’s are close together and cannot
separated clearly. The theoretical predictions look hig
than the CLEO measurement, but they are still consis
with BaBar measurement because of very large error

t-

FIG. 3. Branching ratiosB(B→K1p0) versusMH1 and 1/Neff

in the SM and 2HDM’s. For~a! and ~b!, we setNeff53 andMH1

5200 GeV, respectively. The dot-dashed, short-dashed, lo
dashed, and solid curves correspond to the theoretical predictio
the SM and models I, II, and III, respectively. The theoretical u
certainties are not shown here. The band between two dotted
shows the CLEO data with 2s errors B(B→K1p0)
5(11.626.0

16.6)31026.
5-12
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BaBar data. In fact the theoretical predictions forB(B
→p1p2) in the SM and 2HDM’s are still consistent wit
the CLEO data at the 2s level if we consider currently still
large theoretical and experimental uncertainties. On the o
hand, if we take the average of CLEO and BaBar meas
ments, B(Bd

0→p1p2)5(5.561.5)31026, as the experi-
mental result, then the constraint onF0

B→p(0) from the data
will be F0

B→p(0)50.2560.03 by settingA50.2205, l
50.81; r50.12, h50.34, Neff53, and by neglecting FS
also.

In the SM, the four class-IV decaysB→Kp are domi-
nated by theb→sg gluonic penguin diagrams, with add
tional contributions fromb→u tree and electroweak pengu
diagrams. Measurements ofB→Kp decays are particularly
important to measure the angleg. In model III, the new
physics enhancements to the branching ratiosB(B→Kp)
are significant,;(50–60!%, and show a moderate depe
dence on the variations of other parameters, as illustrate
Figs. 3–6. In models I and II, however, the new phys
corrections are always very small in size.

For the decaysB→K1p2,K0p1, the theoretical predic-
tions in model III are higher than the CLEO data as shown
Figs. 4 and 5, but they are still consistent with the CLE
data at the 2s level if we consider currently still large theo

FIG. 4. Same as Fig. 3, but for the decayB→K1p2. The dotted
band corresponds to the CLEO data with 2s errors: B(B
→K1p2)5(17.225.4

15.6)31026.
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retical uncertainties. As a simple illustration of effects of t
theoretical uncertainties, we recalculate the branching ra
of B→K1p2 and K0p1 decays by usingF0

B→p(0)50.25
instead of the ordinary BSW valueF0

B→p(0)50.33 while
keeping all other input parameters unchanged, and find
merically that

B~B→K1p2!5H ~11.322.521.1
12.912.5!31026 in SM,

~17.223.921.8
14.313.7!31026 in model III,

~61!

B~B→K0p1!5H ~13.323.021.9
13.414.2!31026 in SM,

~19.924.522.8
15.016.1!31026 in model III,

~62!

for Neff53 andMH15200 GeV. Here the first and secon
errors correspond toF0

B→p(0)50.2560.03 and 2<Neff<`,
respectively. It is evident that the theoretical predictions
the two ratiosB(B→K1p2) andB(B→K0p1) in the SM
and model III can lie within the CLEO data.

Figures 3–6 show the mass andNeff-dependence of the
branching ratios for fourB→Kp decay modes in the SM
and models I, II, and III, using the input parameters as giv

FIG. 5. Same as Fig. 3, but for the decayB→K0p1. The dotted
band corresponds to the CLEO data with 2s errors: B(B
→K0p1)5(18.228.6

19.8)31026.
5-13
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in Eq. ~7! and the Appendix, and assumingu500, tanb
52, andk25mb

2/2. For Figs. 3~a!–6~a!, we setNeff53 and
assume thatMH15100–300 GeV. For Figs. 3~b!–6~b!, we
set MH15200 GeV, and assume that 1/Neff50 –0.5. In all
four figures, the band between two dotted lines shows
corresponding CLEO measurements with 2s errors. ForB
→K0p0 decay, the inclusion of new physics contributio
will improve the agreement between the data and theore
prediction, as illustrated in Fig. 6. For the other threeB
→Kp decays, the theoretical predictions in the model III a
still consistent with the data if the theoretical uncertaint
are taken into account.

B. B\Kh „8… decays and the new physics effects

For B1→K1h and B0→K0h decay modes, the new
physics corrections are large~small! in model III ~models I
and II!. The theoretical predictions in the SM and 2HDM
are consistent with the new CLEO upper limits.

For B→Kh8 decay modes, the situation is very intere
ing now. In 1997, CLEO first reported the unexpected
large B→Kh8 rates@28#, which is confirmed very recently
by CLEO with the full CLEO II/II.V data sample of 19 mil-
lion produced B mesons@23,29#. The Kh8 signal is large,

FIG. 6. Same as Fig. 3, but for the decayB→K0p0. The dotted
band corresponds to the CLEO data with 1s error B(B→K0p0)
5(14.626.1

16.4)31026.
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stable and has small error (;14%). Those measured ratio
are clearly much larger than the SM predictions as given
Table IV. In @51#, Cheng and Yang considered various po
sible enhancements toKh8 decay modes in the framework o
the SM6 but found that the net enhancement is not very lar
B(B6→K6h8)5(40250)31026, which is smaller than the
CLEO data.7 At present, it is indeed difficult to explain th

6As discussed in Ref.@5#, B→Kh8 decay may get enhanced du
to ~i! a smallms at the scalemb , ~ii ! the sizableSU(3) breaking,

~iii ! largeF0
B→h8 , ~iv! the h8 charm content, and~v! constructive

interference in tree amplitudes. But these possible enhancem
are partially washed out by the anomaly effect in the matrix elem
of pseudoscalar densities@15,32#.

7Although this prediction is consistent with BaBar measureme
one should note that the error of BaBar measurement is still m
larger than that of CLEO data. More statistics is clearly required
BaBar to make a definite conclusion.

FIG. 7. Plots ofB(B1→K1h8) vs MH1 and 1/Neff in the SM
and 2HDM’s. For~a! and~b!, we setNeff53 andMH15200 GeV,
respectively. The dot-dashed curve and the closely adjacent s
dashed curve refer to the theoretical predictions in the SM
model I; while the long-dashed and solid curve correspond to
theoretical predictions in models II and III, respectively. T
theoretical uncertainties are not shown here. The dotted band
responds to the CLEO data with 2s errors B(B1→K1h8)
5(80222

124)31026.
5-14
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observed large rate forB→Kh8 @23,29#. This fact strongly
suggests the requirement for additional contributions uni
to theh8 meson in the framework of the SM, or from ne
physics beyond the SM.

In models I and II, the new physics contributions are t
small ~or negative! to provide the required enhancemen
This feature remains unchanged within the considered ra
of tanb51250.

In model III, however, the new physics enhancements
significant, ;60%, and have a moderate dependence
MH1 and Neff, as illustrated by the solid curves in Fig
7–10, where only the central values of theoretical predicti
in model III are shown. If we take into account other the
retical uncertainties, the theoretical predictions for rat
B(B→Kh8) in model III will become consistent with the
CLEO data

B~B1→K1h8!5H ~69292!31026 @CLEO#

~20252!31026 @SM#,

~34274!31026 @model III#,

~63!

B~B0→K0h8!5H ~712109!31026 @CLEO#,

~19253!31026 @SM#,

~33273!31026 @model III#.

~64!

Here the major theoretical uncertainties induced by us
different set of form factors and varyingk2,h, andNeff in the
ranges ofdk2562 GeV2, dh560.08, andNeff522`
have been taken into account.

Figures 7,9 show the mass andNeff dependence ofB(B
→Kh8) in the SM and 2HDM’s. The upper dotted ban
shows the CLEO measurements with 2s errors. The short-
dashed, dot-dashed, long-dashed, and solid curve refe

FIG. 8. Plots ofB(B1→K1h8) vs MH1 in the SM and model
III. The dot-dashed line shows the SM prediction withNeff53. The
short-dashed, long-dashed, and solid curves correspond to mod
predictions forNeff52,3,̀ , respectively. Other theoretical unce
tainties are not shown here. The dotted band corresponds to
CLEO data with 2s errorsB(B1→K1h8)5(80222

124)31026.
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the theoretical predictions in the SM, models I, II, and I
respectively. As shown explicitly in Figs. 8,10, in which th
short-dashed, long-dashed, and solid curve correspond to
model III predictions forNeff52,3,̀ respectively, the theo-
retical predictions now become consistent with the CLE

III

he

FIG. 9. Same as Fig. 7, but for the decayB→K0h8. The dotted
band corresponds to the CLEO data with 2s errorsB(B0→K0h8)
5(89236

140)31026.

FIG. 10. Same as Fig. 8, but for the decayB→K0h8. The dotted
band corresponds to the CLEO data with 2s errorsB(B0→K0h8)
5(89236

140)31026.
5-15
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TABLE VII. B→PV branching ratios~in units of 1026) using the BSW@LQQSR# form factors in the
SM, with k25mb

2/2, Neff52,3,̀ . The last column shows the CLEO measurements and upper limits~90%
C.L.! @22–25,27#.

Channel Class Neff52 Neff53 Neff5` Data

B0→r1p2 I 21.1 @25.1# 24.0 @28.5# 30.3 @36.0# J27.627.4
18.464.2

B0→r2p1 I 5.7 @6.5# 6.5 @7.4# 8.2 @9.4#

B0→r0p0 II 0.49 @0.58# 0.06 @0.07# 2.05 @2.41# ,5.1
B1→r0p1 III 5.72 @6.63# 3.46 @3.97# 0.71 @0.78# 10.423.4

13.362.1
B1→r1p0 III 13.5 @16.0# 12.6 @15.0# 10.9 @13.1# ,43
B0→r0h II 0.01 @0.02# 0.02 @0.02# 0.06 @0.08# ,10
B0→r0h8 II 0.01 @0.01# 0.002@0.003# 0.03 @0.03# ,12
B1→r1h III 5.44 @6.57# 4.75 @5.79# 3.54 @4.38# ,15
B1→r1h8 III 4.35 @5.02# 3.81 @4.40# 2.85 @3.29# ,33
B0→vp0 II 0.29 @0.35# 0.08 @0.09# 0.15 @0.19# ,5.5
B1→vp1 III 6.32 @7.35# 3.75 @4.31# 0.78 @0.85# 11.322.9

13.361.4
B0→vh II 0.32 @0.38# 0.03 @0.04# 0.82 @0.98# ,12
B0→vh8 II 0.20 @0.23# 0.001@0.002# 0.68 @0.79# ,60
B0→fp0 V 0.03 @0.04# 0.002@0.002# 0.23 @0.27# ,5.4
B1→fp1 V 0.06 @0.08# 0.004@0.005# 0.49 @0.58# ,4
B0→fh V 0.01 @0.01# 0.001@0.001# 0.09 @0.10# ,9
B0→fh8 V 0.01 @0.01# 0.001@0.001# 0.07 @0.08# ,31

B1→K̄* 0K1 IV 0.42 @0.49# 0.53 @0.61# 0.78 @0.90# ,5.3

B0→K̄* 0K0 IV 0.40 @0.46# 0.50 @0.58# 0.73 @0.89# 2

B1→K* 1K̄0 V 0.005 @0.007# 0.002@0.003# 0.001@0.001# 2

B0→K* 0K̄0 IV 0.004 @0.006# 0.002@0.003# 0.001@0.001# ,12

B0→r0K0 IV 0.52 @0.60# 0.53 @0.62# 0.71 @0.83# ,27
B1→r0K1 IV 0.39 @0.46# 0.31 @0.36# 0.31 @0.36# ,17
B0→r2K1 I 0.54 @0.62# 0.59 @0.68# 0.70 @0.81# ,25
B1→r1K0 IV 0.11 @0.12# 0.05 @0.05# 0.01 @0.01# ,48
B1→K* 1h IV 2.43 @3.12# 2.39 @3.04# 2.32 @2.89# 26.428.2

19.663.3
B1→K* 1h8 III 0.66 @1.14# 0.36 @0.61# 0.24 @0.23# ,35
B0→K* 0h IV 2.32 @2.98# 2.54 @3.23# 3.06 @3.82# 13.824.6

15.561.6
B0→K* 0h8 V 0.33 @0.69# 0.09 @0.23# 0.31 @0.26# ,20
B0→K* 1p2 IV 8.59 @10.2# 9.67 @11.5# 12.0 @14.3# 2226 25

18 14

B0→K* 0p0 IV 2.44 @2.77# 3.02 @3.43# 4.42 @5.01# ,3.6
B1→K* 1p0 IV 4.95 @6.09# 5.55 @6.84# 6.91 @8.52# ,31
B1→K* 0p1 IV 7.35 @8.75# 9.23 @11.0# 13.6 @16.2# ,16
B1→fK1 V 22.1 @25.7# 11.5 @13.4# 0.60 @0.70# 17.225.4

16.761.8
B0→fK0 V 20.9 @24.3# 10.9 @12.6# 0.57 @0.66# ,28
B0→vK0 V 3.31 @3.86# 0.002@0.003# 13.3 @15.4# ,21
B1→vK1 V 3.53 @4.11# 0.25 @0.28# 16.5 @19.2# ,7.9
nc
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measurement due to the inclusion of new physics enha
ment in model III.

VI. B\PV DECAYS

In Tables VII–IX we present the branching ratios for t
thirty-sevenB→PV decay modes involvingb→d and b
→s transitions in the SM and models I, II, and III by usin
the BSW form factors and by employing generalized fact
ization approach. Theoretical predictions are made by us
the same input parameters as those for theB→PP decays in
the last section.
07400
e-

-
g

For the studied thirty-sevenB→PV decays, two genera
features are as follows.

The theoretical predictions for those seven measured
cay rates are consistent with the CLEO data within 2s er-
rors. All other estimated branching ratios in the SM a
2HDM’s as given in Tables VII–IX are all consistent wit
the new CLEO upper limits.

For most decay modes, the differences induced by us
whether BSW or LQQSR form factors are small,;15%. We
therefore use the BSW form factors only in the calculation
new physics effects.

There are so far seven measured branching ratios oB
5-16
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TABLE VIII. B→PV branching ratios~in units of 1026) using the BSW form factors in model III
assumingMH15200 GeV,u50°, andNeff52,3,̀ .

SM Model III dB @%#

Channel Class 2 3 ` 2 3 ` 2 3 `

B0→r1p2 I 21.1 24.0 30.3 21.2 24.1 30.5 0.7 0.7 0.7
B0→r2p1 I 5.70 6.48 8.19 5.70 6.48 8.19 0.0 0.0 0.0
B0→r0p0 II 0.49 0.06 2.05 0.54 0.11 2.12 9.8 99.6 3.5
B1→r0p1 III 5.72 3.46 0.71 5.79 3.54 0.81 1.3 2.3 14.0
B1→r1p0 III 13.5 12.6 10.9 13.6 12.7 11.0 0.4 0.5 0.7
B0→r0h II 0.01 0.02 0.06 0.03 0.03 0.08 86.0 100 40.1
B0→r0h8 II 0.01 0.003 0.03 0.004 0.001 0.03 247.3 254.4 18.1
B1→r1h III 5.44 4.75 3.54 5.46 4.79 3.59 0.5 0.7 1.4
B1→r1h8 III 4.35 3.81 2.85 4.34 3.81 2.86 20.2 20.08 0.4
B0→vp0 II 0.29 0.08 0.15 0.45 0.14 0.15 54.4 77.0 0.8
B1→vp1 III 6.32 3.75 0.78 6.63 3.86 0.79 5.0 3.1 1.1
B0→vh II 0.32 0.03 0.82 0.37 0.05 0.83 16.3 67.1 0.2
B0→vh8 II 0.20 0.001 0.68 0.22 0.004 0.69 9.5 155 0.5
B0→fp0 V 0.03 0.002 0.23 0.05 0.002 0.33 59.1 1.9 42.3
B1→fp1 V 0.06 0.004 0.49 0.10 0.004 0.69 59.1 1.9 42.3
B0→fh V 0.01 0.001 0.09 0.02 0.001 0.12 59.1 1.9 42.3
B0→fh8 V 0.01 0.001 0.07 0.01 0.001 0.10 59.1 1.9 42.3

B1→K̄* 0K1 IV 0.42 0.53 0.78 0.68 0.83 1.19 61.0 57.9 53.3

B0→K̄* 0K0 IV 0.40 0.50 0.73 0.64 0.79 1.12 61.0 57.9 53.3

B1→K* 1K̄0 V 0.005 0.002 0.001 0.002 0.001 0.003258.4 272.5 256

B0→K* 0K̄0 IV 0.004 0.002 0.001 0.002 0.001 0.003258.4 272.5 256

B0→r0K0 IV 0.52 0.53 0.71 0.43 0.44 0.60 217.1 218.3 216.5
B1→r0K1 IV 0.39 0.31 0.31 0.43 0.36 0.40 8.0 16.4 30.6
B0→r2K1 I 0.54 0.59 0.70 0.47 0.52 0.62 213.1 212.7 211.8
B1→r1K0 IV 0.11 0.05 0.01 0.05 0.01 0.02 250.8 270.1 363
B1→K* 1h IV 2.43 2.39 2.32 3.27 3.29 3.34 34.4 37.4 43.5
B1→K* 1h8 III 0.66 0.36 0.24 0.31 0.24 0.65 252.2 234.2 170
B0→K* 0h IV 2.32 2.54 3.06 3.15 3.47 4.20 35.8 36.5 37.4
B0→K* 0h8 V 0.33 0.09 0.31 0.08 0.10 0.96 277.3 6.9 204
B0→K* 1p2 IV 8.59 9.67 12.0 13.6 15.4 19.1 58.6 58.8 59.3
B0→K* 0p0 IV 2.44 3.02 4.42 4.26 5.18 7.34 74.9 71.6 66.0
B1→K* 1p0 IV 4.95 5.55 6.91 7.42 8.38 10.5 49.9 50.9 52.2
B1→K* 0p1 IV 7.35 9.23 13.6 11.9 14.7 21.0 62.0 58.8 54.1
B1→fK1 V 22.1 11.5 0.60 35.7 19.0 1.29 61.5 65.3 113
B0→fK0 V 20.9 10.9 0.57 33.7 18.0 1.21 61.5 65.3 113
B0→vK0 V 3.31 0.002 13.3 5.33 0.01 19.4 60.9 175 46.5
B1→vK1 V 3.53 0.25 16.5 5.57 0.23 23.6 57.8 27.7 42.9
al

et
el

.
a

re
→PV decays. For the first three decay modesB
→r6r7,r0p1,vp1, the new physics corrections are sm
in size, ,5%, and have a weak dependence onMH1 and
Neff, as shown in Tables VIII,IX. Consequently, the theor
ical predictions in the SM and models I, II, and III agree w
with CLEO measurements.

Because of the appearance of very largeB(B→Kh8), the
decay modesB→K* h (8) also draw more attentions now
Very recently, CLEO and Belle reported their first observ
tion @22,23,27# of B→K* h, K* 1p2 andB→K1f decays

B~B1→K* 1h!5~26.428.2
19.663.3!31026, ~65!
07400
l

-
l

-

B~B0→K* 0h!5~13.824.6
15.561.6!31026, ~66!

B~B0→K* 1p2!5~222625
1814!31026, ~67!

B~B1→K1f!5~17.225.4
16.761.8!31026, ~68!

while the theoretical predictions in the SM and model III a

B~B1→K* 1h!5H ~224!31026 @SM#,

~225!31026 @model III#,

~69!
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TABLE IX. B→PV branching ratios~in units of 1026) using the BSW form factors in models I and I
assumingMH15200 GeV, tanb52, andNeff52,3,̀ .

Model I dB @%# Model II dB @%#

Channel 2 3 ` 2 3 ` 2 3 ` 2 3 `

B0→r1p2 21.1 24.0 30.3 0.0 0.0 0.0 21.1 23.9 30.220.1 20.1 20.1
B0→r2p1 5.70 6.48 8.19 20.0 20.0 0.0 5.70 6.48 8.19 0.0 0.0 0.0
B0→r0p0 0.49 0.06 2.05 20.1 20.4 0.0 0.48 0.05 2.04 21.9 218.9 20.6
B1→r0p1 5.72 3.46 0.71 20.0 20.0 0.1 5.70 3.44 0.69 20.3 20.5 22.8
B1→r1p0 13.5 12.6 10.9 0.0 0.0 0.0 13.5 12.6 10.920.1 20.1 20.1
B0→r0h 0.02 0.02 0.06 2.9 3.7 1.6 0.01 0.01 0.05212.8 215.2 26.2
B0→r0h8 0.01 0.002 0.03 20.2 20.1 0.0 0.01 0.003 0.03 18.1 39.1 21.1
B1→r1h 5.44 4.76 3.54 0.0 0.0 0.1 5.43 4.75 3.5320.1 20.1 20.2
B1→r1h8 4.35 3.81 2.85 20.0 20.0 0.0 4.36 3.81 2.85 0.1 0.1 20.0
B0→vp0 0.29 0.08 0.15 0.2 20.4 0.5 0.26 0.07 0.15 210.7 215.4 0.4
B1→vp1 6.33 3.75 0.78 0.1 0.1 0.0 6.26 3.73 0.7820.9 20.5 20.2
B0→vh 0.32 0.03 0.82 0.7 3.6 0.0 0.31 0.03 0.8222.7 29.9 20.1
B0→vh8 0.209 0.001 0.68 0.2 0.3 0.1 0.20 0.002 0.6821.3 8.7 20.1
B0→fp0 0.03 0.002 0.23 20.8 10.9 2.4 0.03 0.002 0.21212.9 10.9 26.7
B1→fp1 0.06 0.004 0.50 20.8 10.9 2.4 0.06 0.005 0.45212.9 10.9 26.7
B0→fh 0.01 0.001 0.09 20.8 10.9 2.4 0.01 0.001 0.08212.9 10.9 26.7
B0→fh8 0.01 0.001 0.07 20.8 10.9 2.4 0.01 0.001 0.06212.9 10.9 26.7

B1→K̄* 0K1 0.43 0.54 0.79 1.8 1.9 2.1 0.37 0.47 0.71210.7 210.0 29.0

B0→K̄* 0K0 0.40 0.51 0.75 1.8 1.9 2.1 0.35 0.45 0.67210.7 210.0 29.0

B1→K* 1K̄0 0.005 0.002 0.00123.5 27.1 13.5 0.01 0.002 0.001 14.3 20.9216.6

B0→K* 0K̄0 0.004 0.002 0.00123.5 27.1 13.5 0.005 0.002 0.001 14.3 20.9216.6

B0→r0K0 0.53 0.55 0.74 3.1 3.3 3.1 0.56 0.58 0.77 7.6 8.2 7.
B1→r0K1 0.40 0.32 0.34 2.4 4.9 9.0 0.40 0.31 0.32 0.7 1.4 2.
B0→r2K1 0.53 0.58 0.70 21.8 21.4 20.6 0.55 0.60 0.72 1.6 2.0 2.7
B1→r1K0 0.10 0.04 0.005 23.0 26.3 11.6 0.12 0.05 0.005 11.6 16.7 26.5
B1→K* 1h 2.49 2.45 2.36 2.5 2.3 1.7 2.31 2.26 2.1524.9 25.8 27.5
B1→K* 1h8 0.64 0.35 0.24 22.4 22.3 2.0 0.77 0.43 0.21 16.6 19.5212.5
B0→K* 0h 2.37 2.60 3.13 2.4 2.3 2.2 2.19 2.40 2.8825.4 25.6 25.9
B0→K* 0h8 0.32 0.09 0.33 23.3 24.7 5.0 0.42 0.13 0.23 27.3 42.6225.4
B0→K* 1p2 8.76 9.84 12.2 2.0 1.8 1.4 7.74 8.69 10.829.8 210.1 210.5
B0→K* 0p0 2.44 3.03 4.45 0.1 0.4 0.8 2.08 2.60 3.87214.7 213.9 212.5
B1→K* 1p0 5.11 5.72 7.10 3.2 3.0 2.7 4.60 5.14 6.3527.2 27.5 28.1
B1→K* 0p1 7.48 9.41 13.9 1.8 1.9 2.1 6.55 8.29 12.4210.8 210.2 29.2
B1→fK1 22.3 11.6 0.61 1.1 1.0 0.7 19.5 10.1 0.48211.5 212.2 219.9
B0→fK0 21.1 11.0 0.57 1.1 1.0 0.7 18.5 9.54 0.46211.5 212.2 219.9
B0→vK0 3.35 0.002 13.4 1.2 1.1 1.3 2.94 0.003 12.1211.3 25.7 28.5
B1→vK1 3.59 0.25 16.7 1.6 20.1 1.4 3.17 0.25 15.2 210.1 2.3 27.7
or
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B~B1→K* 0h!5H ~225!31026 @SM#,

~326!31026 @model III#, ~70!

B~B1→K* 1p2!5H ~7216!31026 @SM#,

~10222!31026 @model III#,

~71!

B~B1→K1f!5H ~0.5228!31026 @SM#,

~1239!31026 @model III#,

~72!
07400
where the uncertainties induced by using the BSW
LQQSE form factors, and settingk25mb

2/262 GeV2, h
50.3460.08, andNeff522`, have been taken into accoun
Although the central values of the theoretical predictions
the SM are much smaller than the corresponding central
ues of the CLEO measurements, the theoretical predict
are still consistent with the data within 2s errors because
current experimental error is still large. Further improveme
of experimental measurements about the decay modeB
→K* h, K* 1p2 will tell us whether there is any discrep
ancy between the theory and experiments for these three
cay modes. At present, any positive contributions to
above three branching ratios from new mechanisms in
5-18
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SM or from new physics beyond the SM are clearly prefer
by the CLEO data.

In models I and II, the new physics contributions a
small in size: from215 to 20 % for mostB→PV decay
modes, and have weak dependence onMH1, tanb, andNeff,
as shown in Table IX, and illustrated in Figs. 11–14, whe
the long-dashed line shows the theoretical predictions in
model II.8 This feature remains unchanged within the co
sidered range of tanb51250. When tanb becomes larger
the size of new physics corrections will become ev
smaller.

In model III, however, the new physics contributions a
significant, from 30% to 110 %, and have also weak dep
dence onMH1, u, and Neff. These new physics enhanc
ments are very helpful to improve the agreement between

8Because the lines for the SM and model I are too close to
separated clearly, we do not draw the line for model I in all fo
figures forB→PV decays.

FIG. 11. B(B→K* 1h) vs MH1 and 1/Neff in the SM and
2HDM’s. For ~a! and ~b!, we setNeff53 and MH15200 GeV,
respectively. The dot-dashed, long-dashed, and solid curves s
the theoretical predictions in the SM and models II and III, resp
tively. The theoretical uncertainties are not shown here. The do
band corresponds to the CLEO data with 1s error B(B1

→K* 1h)5(26.428.8
110.2)31026.
07400
d

e
e

-

n

-

he

theoretical predictions and the data, as shown in Eqs.~69!–
~72! and illustrated in Figs. 11–14.

Figures 11–14 show the mass andNeff dependence of the
branching ratios for B→K* 1h,K* 0h,K* 1p2, and B
→K1f decays. The dot-dashed line is the SM predictio
while the long-dashed and solid curve correspond to the
dictions in models II and III, respectively. The theoretic
uncertainties are not shown in these figures. The dotted b
in Figs. 11–13~Fig. 14! corresponds to the CLEO data wit
1s (22s) error.

From Fig. 11, it can be seen that the CLEO measurem
of the ratioB(B1→K* 1h) is much larger than theoretica
predictions in the SM and 2HDM’s. More positive contribu
tions to this decay mode are needed to improve the ag
ment between the data and theoretical prediction. FoB
→K* 0h decay, the inclusion of new physics contributions
model III leads to a better agreement between data
theory if we take into account still large theoretical unce
tainties. ForB→K* 1p2 and K1f decays, the theoretica
prediction now becomes consistent with the CLEO and Be
measurements within 1s error due to the large new physic
enhancement in model III.

For B→K* 1h8 andK* 0h8 decays, the new physics con
tributions in model III are large in size, from277 to 200 %,
as shown in Table VIII. But the theoretical predictions f

e
r

ow
-
d

FIG. 12. Same as Fig. 11, but for the decayB→K* 0h. The
dotted band corresponds to the CLEO data with 1s error B(B0

→K* 0h)5(13.824.9
15.7)31026.
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these two decay modes areNeff dependent and still far below
the current CLEO upper limits.

VII. B\VV DECAYS

Using the formulas as given in Sec. IV, it is straightfo
ward to calculate the branching ratios of nineteenBu,d
→VV decays. As an example, we show here the calcula
of the branching ratio for the class-V decayB2→r2v (b
→d transition!. We first find the explicit expressions of th
helicity amplitude Hl5^r2(l)v(l)uHeffuB2&, and then
compare this amplitude with the standard form as define
Eq. ~44! to extract out the process dependent coefficientsa,
b, andc

a52
1

A2
@ f 1 f vMv~MB1M r!A1

B→r~Mv
2 !

1 f 2 f rM r~MB1Mv!A1
B→v~M r

2!#, ~73!

b5 f 1

A2 f vMv
2 M r

MB1M r
A2

B→r~Mv
2 !

1 f 2

A2 f rM r
2Mv

MB1Mv
A2

B→v~M r
2!, ~74!

FIG. 13. Same as Fig. 11, but for the decayB→K* 1p2. The
dotted band corresponds to the CLEO data with 1s error B(B0

→K* 1p2)5(2227.8
18.9)31026.
07400
n

in

c5 f 1

A2 f vMv
2 M r

MB1M r
VB→r~Mv

2 !1 f 2

A2 f rM r
2Mv

MB1Mv
VB→v~M r

2!,

~75!

with

f 15
GF

A2
FVubVud* a22VtbVtd* S 2a31a412a5

1
1

2
a71

1

2
a92

1

2
a10D G , ~76!

f 25
GF

A2
@VubVud* a12VtbVtd* ~a41a10!#, ~77!

where the coefficientsa1, . . . ,10have been defined in Eq.~47!;
the form factors and other input parameters can be foun
the Appendix. With these coefficientsa, b andc, the branch-
ing ratio B(B2→r2v) can finally be written as

B~B2→r2v!5tB
u
2

upu

8pMB
2 ~ uH0u21uH11u21uH21u2!,

~78!

FIG. 14. Same as Fig. 11, but for the decayB→K1f. The
dotted band corresponds to the Belle data with 2s errors B(B1

→K1f)5(17.2211.4
113.8)31026.
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TABLE X. B→VV branching ratios~in units of 1026) using the BSW@LQQSR# form factors in the SM,
with k25mb

2/2, Neff52,3,̀ . The last column shows the CLEO upper limits~90% C.L.! @22–25#.

Channel Class Neff52 Neff53 Neff5` Data

B0→r1r2 I 17.8 @19.8# 20.2 @22.5# 25.5 @28.4# ,2200

B0→r0r0 II 0.39 @0.44# 0.09 @0.10# 1.56 @1.73# ,4.8

B0→vv II 0.81 @0.90# 0.15 @0.17# 1.22 @1.35# ,19

B1→r1r0 III 12.8 @14.3# 10.1 @11.3# 5.69 @6.33# ,120

B1→r1v III 15.7 @17.4# 12.2 @13.5# 6.69 @7.45# ,47

B0→K* 1r2 IV 6.17 @6.82# 6.95 @7.68# 8.64 @9.55# 2

B0→K* 0r0 IV 1.73 @1.82# 2.01 @2.11# 2.79 @2.91# ,16.1

B1→K* 1r0 IV 5.22 @5.97# 5.97 @6.82# 7.76 @8.91# ,52

B1→K* 0r1 IV 6.65 @7.35# 8.36 @9.24# 12.4 @13.7# 2

B1→K* 1K̄* 0 IV 0.38 @0.49# 0.48 @0.61# 0.70 @0.90# ,62

B0→K* 0K̄* 0 IV 0.36 @0.47# 0.46 @0.58# 0.67 @0.86# ,7.4

B0→r0v V 0.45 @0.50# 0.24 @0.27# 0.02 @0.02# ,11

B0→K* 0v V 13.5 @16.1# 4.52 @5.03# 1.04 @1.79# ,19

B1→K* 1v V 13.4 @16.1# 3.94 @4.39# 2.74 @4.01# ,52

B1→K* 1f V 21.8 @27.8# 11.3 @14.5# 0.60 @0.76# ,41

B0→K* 0f V 20.6 @26.2# 10.7 @13.6# 0.56 @0.72# ,21

B1→r1f V 0.06 @0.07# 0.004@0.005# 0.47 @0.52# ,16

B0→r0f V 0.03 @0.03# 0.001@0.002# 0.22 @0.25# ,13

B0→vf V 0.03 @0.03# 0.001@0.002# 0.22 @0.24# ,21

TABLE XI. B→VV branching ratios~in units of 1026) using the BSW form factors in model III
assumingMH15200 GeV,Neff52,3,̀ andu50°,30°.

u50° dB @%# u530° dB @%#

Channel 2 3 ` 2 3 ` 2 3 ` 2 3 `

B0→r1r2 17.9 20.3 25.7 0.7 0.7 0.7 19.3 19.7 24.822.6 22.6 22.6

B0→r0r0 0.46 0.16 1.65 16 79 5.7 0.56 0.15 1.50 28 6724.0

B0→vv 1.05 0.24 1.23 29 54 1.0 1.02 0.22 1.19 14 4522.3

B1→r1r0 12.8 10.1 5.69 0.0 0.0 0.0 14.3 10.1 5.69 0.0 0.0 0.

B1→r1v 13.8 10.9 6.12 212 211 28.5 15.2 10.9 6.12 213 211 28.5

B0→K* 1r2 9.78 11.0 13.8 59 59 59 11.1 11.3 14.1 62 63 63

B0→K* 0r0 3.18 3.70 4.98 84 84 78 3.14 3.50 4.90 72 74 75

B1→K* 1r0 7.61 8.75 11.4 46 47 47 8.79 8.80 11.3 47 48 45

B1→K* 0r1 10.8 13.3 19.0 62 59 54 11.4 12.7 18.2 55 52 48

B1→K* 1K̄* 0 0.61 0.75 1.08 61 58 53 0.73 0.71 1.02 51 49 45

B0→K* 0K̄* 0 0.59 0.72 1.03 61 58 53 0.70 0.68 0.98 51 49 45

B0→r0v 0.72 0.39 0.04 61 65 79 0.76 0.37 0.03 53 54 51

B0→K* 0v 20.8 6.97 1.51 53 54 45 23.5 6.58 1.49 46 46 44

B1→K* 1v 20.8 6.23 3.47 55 58 27 24.3 6.25 3.24 51 59 18

B1→K* 1f 35.2 18.8 1.27 62 65 114 42.9 17.9 1.20 54 58 10

B0→K* 0f 33.2 17.7 1.20 62 65 113 40.4 16.9 1.13 54 58 10

B1→r1f 0.10 0.004 0.67 59 1.9 42 0.10 0.004 0.64 50 1.9 3

B0→r0f 0.05 0.002 0.32 59 1.9 42 0.05 0.002 0.30 50 1.9 3

B0→vf 0.05 0.002 0.32 59 1.9 42 0.05 0.002 0.30 50 1.9 3
074005-21



I,

0

ZHENJUN XIAO, CHONG SHENG LI, AND KUANG-TA CHAO PHYSICAL REVIEW D63 074005
TABLE XII. B→VV branching ratios~in units of 1026) using the BSW form factors in models I and I
assumingMH15200 GeV,Neff52,3,̀ , and tanb52.

Model I dB @%# Model II dB @%#

Channel 2 3 ` 2 3 ` 2 3 ` 2 3 `

B0→r1r2 17.7 19.8 24.4 0.0 0.0 0.0 17.7 20.2 24.320.1 20.1 20.1
B0→r0r0 0.53 0.10 1.21 0.1 0.6 0.1 0.52 0.08 1.2021.8 215 21.1
B0→vv 0.90 0.16 0.93 0.6 1.1 0.0 0.86 0.14 0.9324.2 29.9 20.2
B1→r1r0 13.5 10.7 6.04 0.0 0.0 0.0 13.6 10.1 6.04 2.1 0.0 0.
B1→r1v 14.6 11.6 6.50 210.9 29.6 27.4 14.6 10.9 6.50 211 211 27.4
B0→K* 1r2 6.42 7.13 8.66 2.1 1.9 1.6 5.70 6.25 7.7129.3 210 29.6
B0→K* 0r0 1.70 1.97 2.72 0.3 0.5 0.7 1.47 1.70 2.36213 216 213
B1→K* 1r0 5.44 6.08 7.63 2.8 2.8 2.7 4.90 5.55 6.8327.5 27.0 28.0
B1→K* 0r1 6.55 8.13 11.8 1.8 1.9 2.1 5.78 7.51 10.5210 210 29.3

B1→K* 1K̄* 0 0.37 0.46 0.67 1.8 1.9 2.1 0.33 0.43 0.60210 210 29.1

B0→K* 0K̄* 0 0.35 0.45 0.65 1.8 1.9 2.1 0.32 0.41 0.57210 210 29.1

B0→r0v 0.41 0.23 0.02 1.1 1.0 0.4 0.37 0.21 0.02210 212 212
B0→K* 0v 12.3 4.15 0.92 1.3 1.3 1.3 11.1 4.07 0.8329.3 29.9 28.2
B1→K* 1v 12.6 3.85 2.39 1.6 1.4 1.6 11.3 3.52 2.2429.4 211 24.9
B1→K* 1f 20.4 10.8 0.65 1.4 1.4 2.2 18.0 10.0 0.54211 212 216
B0→K* 0f 19.2 10.1 0.61 1.1 1.0 0.5 17.0 9.41 0.51211 212 216
B1→r1f 0.1 0.01 0.44 20.7 9.7 2.4 0.05 0.005 0.40211 11 27.5
B0→r0f 0.02 0.002 0.21 20.7 9.7 2.4 0.02 0.002 0.19211 11 27.5
B0→vf 0.02 0.002 0.21 20.7 9.7 2.4 0.02 0.002 0.19211 11 27.5
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whereupu andH1,0,21 have been given in Eqs.~42! and~45!.
In Tables X–XII we present the branching ratios for t

nineteenB→VV decay modes involvingb→d and b→s
transitions in the SM and models I, II, and III. Theoretic
predictions are made by using the same input paramete
those for theB→PP,PV decays in last two sections.

For B→VV decay modes, the differences induced by
ing whether BSW or LQQSR form factors are around t
percent in the SM and models I, II, and III. We therefo
show the numerical results obtained by using the BSW fo
factors only for the cases of models I, II, and III. For a
nineteenB→VV decays under study, the theoretical pred
tions in the SM and 2HDM’s are still under or far away fro
the current CLEO upper limits, as can be seen from Tab
X–XII.

In models I and II, the new physics contributions toB
→VV decays are small in size: from215 to ;10 % as
shown in Table XII, and therefore will be masked by oth
large theoretical uncertainties. This feature remains
changed within the considered range of tanb51250. When
tanb becomes larger, the size of new physics correcti
will become smaller.

In model III, however, the new physics contributions
different channels are varying greatly: from211% to
;110 %, assumingMH15200 GeV, Neff522`, and u
50°230°. For decay modesB→K* 0v,K* 1f,K* 0f, for
example, the new physics enhancements are signific
;(602110)%. And hence the theoretical predictions
model III are close to or slightly surpass the current CLE
upper limits, as illustrated in Figs. 15–17 where the up
dotted line shows the corresponding CLEO upper limits
90% C.L. These decay modes will be observed soon.
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Figures 15–17 show the mass andNeff dependence of the
ratiosB(B→K* 0v) andB(B→K* f). The dot-dashed line
is the SM prediction, while the long-dashed and solid cu
correspond to the predictions in models II and III, respe
tively. As the class-V decays, these three decays show st
Neff dependence as illustrated in Figs. 15–17.

VIII. SUMMARY AND DISCUSSIONS

In this paper, we calculated the branching ratios of tw
body charmless hadronic B meson decays Bu,d
→PP,PV,VV in the SM and the general two-Higgs-doubl
models by employing the NLO effective Hamiltonian wit
the generalized factorization. In Sec. II, with the help
previous works@38,43–45,35#, we gave a brief review of the
2HDM’s and studied corresponding experimental constra
on models I, II, and III. In Sec. III, we evaluated analytical
all new gluonic and electroweak charged-Higgs penguin d
grams and found the effective Wilson coefficientsCi

eff in the
SM and models I, II, and III. In Sec. IV, we presented t
formulas needed to calculate the branching ratiosB(B
→PP,PV,VV).

In Secs. V–VII, we calculated the branching ratios f
seventy-sixB→PP,PV,VV decays in the SM and models
II, and III, presented the numerical results in Tables IV–X
and displayed theMH1 andNeff dependence for several phe
nomenologically interesting decay modes in Figs. 2–17.

From the numerical results, we find the following gene
features about the new physics effects on the exclus
charmless hadronicB→PP,PV,VV decays studied in this
paper.

~1! The SM predictions for theB meson decay rates pre
5-22
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sented in this paper agree well with those appearing in R
@7,9#.

~2! The new physics effects due to new gluonic peng
diagrams strongly dominate over those from theg- and
Z0-penguin diagrams induced by exchanges of charg
Higgs bosons appearing in models I, II, and III.

~3! For models I and II, the new physics contributions
the decay ratesB(B→h1h2) are always small in size: from
215 to 20 % for most decay modes. So small contributio
will be masked by other still large theoretical uncertaintie

~4! For model III, however, the new physics enhanc
ments to penguin-dominated decay modes can be signific
;(30– 200)%, andtherefore can be measured in high pr
cision B experiments. In general, the new physics contrib
tions in model III are large~small! for penguin-dominated
~tree-dominated! B meson decay channels.

~5! The uncertainties of the theoretical predictions for t
branching ratios ofB→h1h2 decays induced by varyingk2,
h, u, tanb, and MH1 are varying from;10 to ;50 %
within the range ofk25mb

2/262 GeV2, h50.3460.08, u
5002300, tanb51250, andMH152006100 GeV. The

FIG. 15. B(B→K* 0v) vs MH1 and Neff in the SM and
2HDM’s. For ~a! and ~b!, we setNeff53 and MH15200 GeV,
respectively. The upper dotted line shows the CLEO upper li
B(B→K* 0v)<1931026. The dot-dashed, long-dashed and so
curve correspond to the theoretical prediction in the SM and mo
II and III, respectively. The theoretical uncertainties are not sho
here.
07400
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dependence of decay rates on whether using the BSW
LQSSR form factors are weak,;10%. TheNeff dependence
of branching ratios, however, are varying greatly for diffe
ent decay modes.

~6! For phenomenologically interestingB→Kh8 decay
modes, the new physics enhancements are significan
model III: ;(35–70!%, and have a moderate dependence
MH1 and Neff. The theoretical predictions forB(B→Kh8)
therefore turn out to be consistent with the CLEO data
model III, as illustrated in Figs. 8,10. For otherB→PP de-
cays, the theoretical predictions are still consistent with
measurements if one takes into account still large theore
and experimental uncertainties.

~7! For penguin-dominatedB→PV decays, the new phys
ics contributions in model III are significant, from 30 t
60 %, and have a weak or moderate dependence onMH1, u,
andNeff, as illustrated in Tables VIII and Figs. 11–14. Th
CLEO measurements ofB(B→K* 1h,K* 0h) are much
larger than theoretical predictions in the SM and hence la
new physics enhancements in model III are indeed helpfu
lead to or improve the agreement between the data and
oretical predictions.

~8! In model III, the new physics contributions to differen
B→VV decay modes are varying greatly: from211 to
;110 %. For decay modesB→K* 0v,K* 1f,K* 0f, for ex-

it

ls
n

FIG. 16. Same as Fig. 15, but for the decayB→K* 1f. The
upper dotted line shows the CLEO upper limitB(B→K* 1f)
<4131026.
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ample, the new physics enhancements are signific
;(60–110!%, and hence the theoretical predictions in mo
III are close to or slightly surpass the current CLEO upp
limits. These decay modes will be observed soon.
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APPENDIX: INPUT PARAMETERS AND FORM FACTORS

In this appendix we present relevant input parameters.
use the same set of input parameters for the quark ma
decay constants, Wolfenstein parameters, and form facto
Ref. @7#.

Input parameters of electroweak and strong coupling c

FIG. 17. Same as Fig. 15, but for the decayB→K* 0f. The
upper dotted line shows the CLEO upper limitB(B→K* 0f)
<2131026.
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stant, gauge boson masses,B meson masses, light meso
masses,. . . , are asfollows ~all masses in units of GeV!
@7,59#:

aem51/128, as~MZ!50.118, sin2 uW50.23,

GF51.1663931025 ~GeV!22,

MZ591.187, MW580.41,

mB
d
05mB

u
655.279, mp650.140,

mp050.135, mh50.547, mh850.958,

mr50.770, mv50.782,

mf51.019, mK650.494, mK050.498,

mK* 650.892, mK* 050.896,

t~Bu
6!51.64 ps, t~Bd

0!51.56 ps. ~A1!

For the elements of CKM matrix, we use Wolfenste
parametrization, and fix the parametersA,l,r to their central
valuesA50.81,l50.2205,r50.12 and varyh in the range
of h50.3460.08.

We first treat the internal quark masses in the loops
connection with the functionG(m) as constituent masses

mb54.88 GeV, mc51.5 GeV,

ms50.5 GeV, mu5md50.2 GeV. ~A2!

Secondly, we will use the current quark masses formi ( i
5u,d,s,c,b) which appear through the equation of motio
when working out the hadronic matrix elements. Form
52.5 GeV, one finds@7#

mb54.88 GeV, mc51.5 GeV, ms50.122 GeV,

md57.6 MeV, mu54.2 MeV. ~A3!

For the mass of heavy top quark we also usemt5mt(mt)
5168 GeV.

For the decay constants of light mesons, the followi
values will be used in the numerical calculations~in units of
MeV!:

f p5133, f K5158, f K* 5214,

f r5210, f v5195, f f5233,

f h
u5 f h

d578, f h8
u

5 f h8
d

568, f h
c 520.9,

f h8
c

520.23, f h
s 52113, f h8

s
5141, ~A4!

where f
h(8)
u

and f
h(8)
s

have been defined in the two-angl
mixing formalism with u0529.1° andu85222.2° @60#.
For more details about the mixings betweenh andh8, one
can see Refs.@60,15#.
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The form factors at the zero momentum transfer in
BSW model@13# have been collected in Table II of Ref.@7#.
For the convenience of the reader we list them here:

F0
B→p~0!50.33, F0

B→K~0!50.38,

F0
B→h~0!50.145, F0

B→h8~0!50.135,

A0,1,2
B→r~0!5A0,1,2

B→v~0!50.28,

A0
B→K* ~0!50.32, A1,2

B→K* ~0!50.33,

VB→r~0!5VB→v~0!50.33, VB→K* ~0!50.37.
~A5!

In the LQQSR approach, the form factors at zero mom
tum transfer used in our numerical calculations are

F0
B→p~0!50.36, F0

B→K~0!50.41,

F0
B→h~0!50.16, F0

B→h8~0!50.145,

$A0 ,A1 ,A2 ,V%~B→r!5$0.30,0.27,0.26,0.35%,

$A0 ,A1 ,A2 ,V%~B→K* !5$0.39,0.35,0.34,0.48%,

$A0 ,A1 ,A2 ,V%~B→v!5$0.30,0.27,0.26,0.35%.
~A6!
.

;

0

24
,

00

ev

07400
e

-

The form factorsF0,1(k
2), A0,1,2(k

2), and V(k2) were
defined in Ref.@13# as

F0~k2!5
F0~0!

12k2/m2~01!
, F1~k2!5

F1~0!

12k2/m2~12!
,

A0~k2!5
A0~0!

12k2/m2~02!
, A1~k2!5

A1~0!

12k2/m2~11!
,

A2~k2!5
A2~0!

12k2/m2~11!
, V~k2!5

V~0!

12k2/m2~12!
.

~A7!

The pole masses used to evaluate thek2 dependence of
form factors are

$m~02!,m~12!,m~11!,m~01!%5$5.2789,5.3248,5.37,5.73%,
~A8!

for ūb and d̄b currents, and

$m~02!,m~12!,m~11!,m~01!%5$5.3693,5.41,5.82,5.89%,
~A9!

for s̄b currents.
ng

od.

da,
-
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