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In this paper, we investigate phenomenologically two-body weak decays of the bottom mesons emitting

pseudoscalar/vector meson and a tensor meson. Form factors are obtained using the improved Isgur-

Scora-Grinstein-Wise II model. Consequently, branching ratios for the Cabibbo-Kobayashi-Maskawa–

favored and Cabibbo-Kobayashi-Maskawa–suppressed decays are calculated.
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I. INTRODUCTION

Experimental results are available for the branching
ratios of several B-meson decay modes. Many theoretical
works have been done to understand exclusive hadronic B
decays in the framework of the generalized factorization,
QCD factorization or flavor SU(3) symmetry. Weak had-
ronic decays of the B-mesons are expected to provide a rich
phenomenology yielding a wealth of information for test-
ing the standard model and for probing strong interaction
dynamics. However, these decays involve nonperturbative
strong processes which cannot be calculated from the first
principles. Thus, phenomenological approaches [1–5] have
generally been applied to study them using factorization
hypothesis. It involves expansion of the transition ampli-
tudes in terms of a few invariant form factors which
provide essential information on the structure of the me-
sons and the interplay of the strong and weak interactions.
This scheme has earlier been employed to study the weak
hadronic decays of B-meson to s-wave mesons [5–12].

B-mesons, being heavy, can also emit heavier mesons
such as p-wave mesons, which have attracted theoretical
attention recently. However, there exist only a few works
on the hadronic B decays [13–17] that involve a tensor
meson in the final state using the frameworks of flavor
SU(3) symmetry and the generalized factorization. In the
next few years new experimental data on rare decays of B
mesons would become available from the B factories such
as KEK, Belle, BABAR, BTeV, and LHC. It is expected that
improved measurements or new bounds will be obtained
on the branching ratios for various decay modes and many
decay modes with small branching ratios may also be
observed for the first time.
In this paper, we analyze two-body hadronic decays

of B�, �B0, and �B0
s mesons to pseudoscalar

½Pð0�Þ�=vector ½ðVð1�Þ�and tensor [Tð2þÞ] mesons in
the final state, for whom the experiments have provided
the following branching ratios [18,19]:

BðB�!��D0
2Þ¼ ð7:8�1:4Þ�10�4; BðB�!��f2Þ¼ ð8:2�2:5Þ�10�6; BðB�!K�f2Þ¼ ð1:3þ0:4

�0:5Þ�10�6;

BðB�!�K�
2 Þ¼ ð9:1�3:0Þ�10�6; Bð �B0!� �K0

2Þ¼ ð9:6�2:1Þ�10�6; Bð �B0! �D0f2Þ¼ ð1:2�0:4Þ�10�4;

Bð �B0!� �K0
2Þ¼ ð7:8�1:3Þ�10�6; Bð �B0!��a�2 Þ<3:0�10�4; BðB�!�� �K0

2Þ<6:9�10�6;

Bð �B0!D�
s a

þ
2 Þ<1:9�10�4; Bð �B0!�þK�

2 Þ<1:8�10�5; Bð �B0!��Dþ
2 Þ<2:2�10�3;

BðB�!��D0
2Þ<4:7�10�3; BðB�!��K�

2 Þ<1:5�10�3; BðB�!�K�
2 Þ<3:4�10�3;

BðB�!�0a�2 Þ<7:2�10�3; Bð �B0!Dþ
s a

�
2 Þ<2:0�10�4; Bð �B0!��Dþ

2 Þ<4:9�10�3;

Bð �B0!�0 �K0
2Þ<1:1�10�3:

(1)

In general, W-annihilation and W-exchange diagrams
may also contribute to these decays under consideration.
Normally, such contributions are expected to be suppressed
due to the helicity and color arguments and are neglected in
this work.

The paper is organized as follows: In Sec. II, we present
meson spectroscopy. Methodology for calculating B ! PT
and B ! VT is provided in Secs. III and IV deals with

numerical results and discussions. Summary and conclu-
sions are given in the last section.

II. MESON SPECTROSCOPY

Experimentally [18], the tensor meson 16-plet com-
prises of an isovector a2ð1:318Þ, strange isospinor
K�

2ð1:429Þ, charm SU(3) triplet D�
2ð2:457Þ, D�

s2ð2:573Þ,
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and three isoscalars f2ð1:275Þ, f02ð1:525Þ and �c2ð3:555Þ.
These states behave well with respect to the quark model
assignments, though the spin and parity of the charm
isosingletD�

s2ð2:573Þ remain to be confirmed. The numbers

given within parentheses indicate mass (in GeV units) of
the respective mesons. �c2ð3:555Þ is assumed to be pure
(c �c) state, and mixing of the isoscalar states is defined as

f2ð1:275Þ ¼ 1ffiffiffi
2

p ðu �uþ d �dÞ cos�T þ ðs�sÞ sin�T;

f
0
2ð1:525Þ

1ffiffiffi
2

p ðu �uþ d �dÞ sin�T � ðs�sÞ cos�T;

(2)

where �T ¼ �ðidealÞ � �TðphysicalÞ and �TðphysicalÞ ¼
27� [18].

Similarly, for � and �0 states of well established pseu-
doscalar 16-plet, we use

�ð0:547Þ ¼ 1ffiffiffi
2

p ðu �uþ d �dÞ sin�P � ðs�sÞ cos�P;

�0ð0:958Þ ¼ 1ffiffiffi
2

p ðu �uþ d �dÞ cos�P þ ðs�sÞ sin�P;

(3)

where �p ¼ �ðidealÞ � �pðphysicalÞ and we take

�PðphysicalÞ ¼ �15:4� [18]. �c is taken as

�cð2:979Þ ¼ ðc �cÞ: (4)

Similarly, for ! and � states of well established pseudo-
scalar 16-plet, we use

!ð0:783Þ ¼ 1ffiffiffi
2

p ðu �uþ d �dÞ cos�V þ ðs�sÞ sin�V;

�ð1:019Þ ¼ 1ffiffiffi
2

p ðu �uþ d �dÞ sin�V � ðs�sÞ cos�V;

(5)

where �V ¼ �ðidealÞ � �VðphysicalÞ and we take
�VðphysicalÞ ¼ 39� [18]. J=c is taken as

J=c ð3:097Þ ¼ ðc �cÞ: (6)

III. METHODOLOGY

A. Weak Hamiltonian

For bottom changing �b ¼ 1 decays, the weak
Hamiltonian involves the bottom changing current,

J� ¼ ð �cbÞVcb þ ð �ubÞVub; (7)

where ð �qiqjÞ � �qi��ð1� �5Þqj denotes the weak V-A

current. QCD modified weak Hamiltonian is then
given below:

(i) for decays involving b ! c transition,

HW ¼ GFffiffiffi
2

p fVcbV
�
ud½a1ð �cbÞð �duÞ þ a2ð �dbÞð �cuÞ�

þ VcbV
�
cs½a1ð �cbÞð�scÞ þ a2ð�sbÞð �ccÞ�

þ VcbV
�
us½a1ð �cbÞð�suÞ þ a2ð �sbÞð �cuÞ�

þ VcbV
�
cd½a1ð �cbÞð �dcÞ þ a2ð �dbÞð �ccÞ�g; (8a)

(ii) for decays involving b ! u transition,

HW ¼ GFffiffiffi
2

p fVubV
�
cs½a1ð �ubÞð�scÞ þ a2ð�sbÞð �ucÞ�

þ VubV
�
ud½a1ð �ubÞð �duÞ þ a2ð �dbÞð �uuÞ�

þ VubV
�
us½a1ð �ubÞð�suÞ þ a2ð �sbÞð �uuÞ�

þ VubV
�
cd½a1ð �ubÞð �dcÞ þ a2ð �dbÞð �ucÞ�g; (8b)

where Vij are the well-known Cabibbo-Kobayashi-

Maskawa (CKM) matrix elements, a1 and a2 are the
QCD coefficients. By factorizing matrix elements of the
four-quark operator contained in the effective Hamiltonian
(6), one can distinguish three classes of decays [20]:
(i) class I transition caused by color-favored diagram:

the corresponding decay amplitudes are proportional
to a1, where a1ð�Þ ¼ c1ð�Þ þ 1

Nc
c2ð�Þ, and Nc is

the number of colors.
(ii) class II transition caused by color-suppressed dia-

gram: the corresponding decay amplitudes in this
class are proportional to a2 i.e. for the color-
suppressed modes a2ð�Þ ¼ c2ð�Þ þ 1

Nc
c1ð�Þ.

(iii) class III transition caused by both color-favored
and color-suppressed diagrams: these decays ex-
perience the interference of color-favored and
color-suppressed diagrams.

We follow the general convention of large Nc limit to fix
the QCD coefficients a1 	 c1 and a2 	 c2, where [20,21]

c1ð�Þ ¼ 1:12; c2ð�Þ ¼ �0:26 at � 	 m2
b: (9)

B. Decay amplitudes and rates

1. B ! PT decay:

The decay rate formula for B ! PT decays is given by

�ðB ! PTÞ ¼
�
mB

mT

�
2 p5

C

12�m2
T

jAðB ! PTÞj2; (10)

where pC is the magnitude of the three-momentum of the
final-state particle in the rest frame of B-meson andmB and
mT denote masses of the B-meson and tensor meson,
respectively.
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The factorization scheme in general expresses the
weak decay amplitude as the product of matrix elements

of weak currents (up to the weak scale factor of GFffiffi
2

p �
CKM elements� QCD factor),

hPTjHW jBi 	 hPjJ�j0ihTjJ�jBi þ hTjJ�j0ihPjJ�jBi:
(11)

However, the matrix elements hTðq�ÞjJ�j0i vanish due to

the tracelessness of the polarization tensor 2�	 of spin 2

meson and the auxiliary condition q� 2�	¼ 0 [19].

Remaining matrix elements are expressed as

hPðk�ÞjJ�j0i ¼ �ifPk�;

hTðPTÞjJ�jBðPBÞi
¼ ih 2�	
�2�	� PB�ðPB þ PTÞ
ðPB � PTÞ�

þ k 2�
�	 P	

B þ bþð2�
�� P�

BP
�
BÞ

� ½ðPB þ PTÞ� þ b�ðPB � PTÞ��; (12)

in the Isgur-Scora-Grinstein-Wise (ISGW) model [3]
which yields

hPTjHW jBi ¼ �ifPð2�
�	 P

�
BP

	
BÞFB!Tðm2

PÞ; (13)

where

FB!Tðm2
PÞ ¼ kðm2

PÞ þ ðm2
B �m2

TÞbþðm2
PÞ þm2

pb�ðm2
PÞ:
(14)

Thus,

AðB ! PTÞ ¼ GFffiffiffi
2

p � ðCKM factors� QCD factors

� CG factorsÞ � fPF
B!Tðm2

PÞ: (15)

2. B ! VT decay:

The decay rate formula for B ! VT is

�ðB ! VTÞ ¼ G2
F

48�m4
T

f2V½�j ~pV j7 þ �j ~pV j5 þ �j ~pV j3�;
(16)

where jpV j is the magnitude of the three-momentum of the
final-state particle V or T (jpVj ¼ jpTj) in the rest frame of
Bmeson. �, �, and �, respectively, are quadratic functions
of the form factors, are given by

� ¼ 8m4
Bb

2þ;

� ¼ 2m2
B½6m2

Vm
2
Th

2 þ 2ðm2
B �m2

T �m2
VÞkbþ þ k2�;

� ¼ 5m2
Tm

2
Vk

2: (17)

Here also the decay amplitude can be expressed as the
product of matrix elements of weak currents (up to the

weak scale factor of GFffiffi
2

p � CKM elements� QCD factor):

hVTjHW jBi 
 hVjJ�j0ihTjJ�jBi; (18)

due to vanishing hTjJ�j0i matrix element. Here

hVjJ�j0i ¼2�
� mVfV; (19)

where 2�
� and fV denote the polarization four-vector of V

and the decay constant of the vector meson. Relations (12)
and (19) yield

hVTjHW jBi ¼ mVfVF
B!Tðm2

VÞ; (20)

where

FB!T
�� 2�

� ðPB þ PTÞ�½ih"���g�ðPVÞ�ðPVÞ�
þ k��

��
�
� þ bþðPVÞ�ðPVÞ�g���; (21)

leading to

AðB ! VTÞ ¼ GFffiffiffi
2

p � ðCKM factors� QCD factorsÞ

�mVfV 2��� FB!T
�� ðm2

VÞ: (22)

C. Form factors in the ISGW II model

The form factors have the following expressions in the
ISGW II quark model, for B ! T transitions [3]:

k ¼ mdffiffiffiffiffiffiffiffiffi
2�B

p ð1þ ~!ÞFðkÞ
5 ;

bþ þ b� ¼ md

4
ffiffiffi
2

p
mdmb ~mB�B

�2
T

�2
BT

�
�
1� md

2 ~mB

�2
T

�2
BT

�
Fðbþþb�Þ
5 ;

bþ � b� ¼ � mdffiffiffi
2

p
mb ~mT�B

�
1� mdmb

2�þ ~mB

�2
T

�2
BT

þ �2
T

4�2
BT

�
1� md

2 ~mB

�2
T

�2
BT

��
Fðbþ�b�Þ
5 ; (23)

where

FðkÞ
5 ¼ F5

�
�mB

~mB

��1=2
�
�mT

~mT

�
1=2

;

Fðbþþb�Þ
5 ¼ F5

�
�mB

~mB

��5=2
�
�mT

~mT

�
1=2

;

Fðbþ�b�Þ
5 ¼ F5

�
�mB

~mB

��3=2
�
�mT

~mT

��1=2
:

(24)

The tð� q2Þ dependence is given by

~!� 1 ¼ tm � t

2 �mB �mT

; (25)

and the common scale factor

F5 ¼
�
~mT

~mB

�
1=2

�
�T�B

�2
BT

�
5=2

�
1þ 1

18
h2ðtm � tÞ

��3
; (26)
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where

h2 ¼ 3

4mbmq

þ 3m2
d

2 �mB �mT�
2
BT

þ 1

�mB �mT

�
16

33� 2nf

�
ln

�
�Sð�QMÞ
�SðmqÞ

�
; (27)

and

�2
BT ¼ 1

2ð�2
B þ �2

TÞ:

~m is the sum of the mesons constituent quarks masses, �m is
the hyperfine averaged physical masses, nf is the number

of active flavors, which is taken to be five in the present
case, tm ¼ ðmB �mTÞ2 is the maximum momentum trans-
fer and

�þ ¼
�
1

md

þ 1

mb

��1
: (28)

Here, md is the spectator quark mass in the decaying
particle. For Bs ! T transitions, md is replaced with ms.
We take the following constituent quark masses (in GeV):

mu¼md¼ 0:33; ms¼ 0:55; mc¼ 1:82; mb¼ 5:20;

(29)

which are taken from the ISGW II model [3] which treats
mesons as composed of the constituent quarks. Values of
the parameter � for different s-wave and p-wave mesons
are given in the Table I. We obtain the form factors
describing B ! T transitions which are given in Table II
at q2 ¼ tm.

IV. NUMERICAL RESULTS AND DISCUSSIONS

For numerical calculations, we use the following values
of the decay constants (given in GeV) of the pseudoscalar
[13,18,21,22] and vector mesons:

f� ¼ 0:131; fK ¼ 0:160; fD ¼ 0:223;

fDs
¼ 0:294; f� ¼ 0:133;

f�0 ¼ 0:126; and f�c
¼ 0:400;

(30)

and

f� ¼ 0:221; fK� ¼ 0:220; fD� ¼ 0:245;

fD�
s
¼ 0:273; f! ¼ 0:195; f� ¼ 0:229;

fJ=c ¼ 0:411:

(31)

We calculate branching ratios of B-meson decays in
CKM-favored and CKM-suppressed modes involving
b ! c and b ! u transitions. The results for B ! PT
decay modes are given in column II of the Tables III, IV,
and V and for B ! VT decay modes are
given in column II of the Tables VI, VII, and VIII for
various possible modes. We make the following observa-
tions:
(I) For B ! PT meson decays:
(1) B ! PT decays involving b ! c transition
(a) �b ¼ 1, �C ¼ 1, �S ¼ 0 mode:
(i) Calculated branching ratio BðB� ! ��D0

2Þ ¼
6:7� 10�4 agrees well with the experiment value
[19] ð7:8� 1:4Þ � 10�4, and Bð �B0 ! ��Dþ

2 Þ ¼
6:1� 10�4, is well below the experimental upper
limit <2:2� 10�3.

TABLE I. The parameter � for s-wave and p-wave mesons in
the ISGW II model.

Quark content u �d u �s s�s c �u c�s u �b s �b

�S (GeV) 0.41 0.44 0.53 0.45 0.56 0.43 0.54

�P(GeV) 0.28 0.30 0.33 0.33 0.38 0.35 0.41

TABLE II. Form factors of B ! T transition at q2 ¼ tm in the
ISGW II quark model.

Transition k bþ b�
B ! a2 0.432 �0:013 0.015

B ! f2 0.425 �0:014 0.014

B ! K2 0.480 �0:015 0.015

B ! D2 0.677 �0:013 0.013

Bs ! f02 0.572 �0:016 0.017

Bs ! K2 0.492 �0:013 0.015

Bs ! Ds2 0.854 �0:015 0.016

TABLE III. Branching ratios of B ! PT decays in CKM-
favored mode involving b ! c transition.

Decay Branching ratios

This work KLO [16]

�b ¼ 1, �C ¼ 1, �S ¼ 0
B� ! ��D0

2 6:7� 10�4 3:5� 10�4

B� ! D0a�2 1:8� 10�4 1:0� 10�4

�B0 ! ��Dþ
2 6:1� 10�4 3:3� 10�4

�B0 ! D0a02 8:2� 10�5 4:8� 10�4

�B0 ! D0f2 8:8� 10�5 5:3� 10�5

�B0 ! D0f02 1:7� 10�6 0:62� 10�6

�B0
s ! ��Dþ

s2 7:1� 10�4 � � �
�B0
s ! D0K0

2 1:1� 10�4 � � �
�b ¼ 1, �C ¼ 0, �S ¼ �1
B� ! D�

s D
0
2 6:8� 10�4 4:9� 10�4

B� ! �cK
�
2 1:4� 10�4 1:1� 10�4

�B0 ! D�
s D

þ
2 6:4� 10�4 4:6� 10�4

�B0 ! �c
�K0
2 1:3� 10�4 9:6� 10�5

�B0
s ! D�

s D
�
s2 7:7� 10�4 � � �

�B0
s ! �cf2 2:7� 10�6 � � �
�B0
s ! �cf

0
2 1:3� 10�4 � � �
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(ii) Branching ratios of other dominant modes are
BðB� ! D0a�2 Þ ¼ 1:8� 10�4, Bð �B0

s ! ��Dþ
s2Þ ¼

7:1� 10�4, and Bð �B0
s ! D0K0

2Þ ¼ 1:1� 10�4. We

hope that these values are within the reach of the
furure experiments.

(iii) Decays �B0 ! D0a02 and �B0 ! D0f2 have branch-

ing ratios of the order of 10�5, since these involve
color-suppressed spectator process. The branching
ratio of �B0 ! D0f02 decay is further suppressed due
to the f2 � f02 mixing being close to the ideal
mixing.

(iv) Decays �B0 ! �0D0
2=�D

0
2=�

0D0
2=D

þa�2 =D
þ
s K

�
2 =

K�Dþ
s2 and �B0

s ! K0D0
2=D

þ
s a

�
2 are forbidden in

the present analysis due to the vanishing matrix
element between the vacuum and tensor meson.
However, these may occur through an annihilation
mechanism. The decays �B0 ! �0D0

2=D
þa�2 may

also occur through elastic final-state interactions
(FSIs).

(b) �b ¼ 1, �C ¼ 0, �S ¼ �1 mode:
(i) Dominant modes are found to have branching ratios:

BðB� ! D�
s D

0
2Þ ¼ 6:8� 10�4, BðB� ! �cK

�
2 Þ ¼

1:4� 10�4, Bð �B0 !D�
s D

þ
2 Þ ¼ 6:4� 10�4,

Bð �B0 ! �c
�K0
2Þ ¼ 1:3� 10�4, Bð �B0

s ! D�
s D

þ
s2Þ ¼

7:7� 10�4, and Bð �B0
s ! �cf

0
2Þ ¼ 1:3� 10�4.

(ii) Decays B� ! D0D�
s2=D

�
s D

0
2=K

��c2ð1PÞ, �B0 !
DþD�

s2=D
�
s D

þ
2 =

�K0�c2ð1PÞ, and �B0
s ! �0�c2=

��c2=�
0�c2=D

þD�
2 =D

0 �D0
2=D

þ
s D

�
s2=D

�Dþ
2 =

�D0D0
2=

�ca
0
2 are forbidden in our work. Penguin diagrams

may cause B� ! D0D�
s2=D

�
s D

0
2 and �B0 !

DþD�
s2=D

�
s D

þ
2 decays; however, these are likely

to remain suppressed as these decays require c �c
pair to be created.

TABLE IV. Branching ratios of B ! PT decays in CKM-
suppressed mode involving b ! c transition.

Decay Branching ratios

This work KLO [16]

�b ¼ 1, �C ¼ 1, �S ¼ �1
B� ! K�D0

2 4:8� 10�5 2:5� 10�5

B� ! D0K�
2 8:7� 10�6 7:3� 10�6

�B0 ! K�Dþ
2 4:5� 10�5 2:4� 10�5

�B0 ! D0 �K0
2 8:1� 10�6 6:8� 10�6

�B0
s ! K�Dþ

s2 5:2� 10�5 � � �
�B0
s ! D0f2 9:9� 10�8 � � �
�B0
s ! D0f02 6:7� 10�6 � � �

�b ¼ 1, �C ¼ 0, �S ¼ 0
B� ! D�D0

2 2:5� 10�5 2:2� 10�5

B� ! �ca
�
2 9:2� 10�6 4:9� 10�6

�B0 ! D�Dþ
2 2:4� 10�5 2:1� 10�5

�B0 ! �ca
0
2 4:3� 10�6 2:3� 10�6

�B0 ! �cf2 4:8� 10�6 2:7� 10�6

�B0 ! �cf
0
2 6:7� 10�8 0:02� 10�6

�B0
s ! D�Dþ

s2 2:9� 10�5 � � �
�B0
s ! �cK

0
2 6:9� 10�6 � � �

TABLE V. Branching ratios of B ! PT decays involving b !
u transition.

Decays Branching ratios

This work KLO [16] MQ [23]

�b ¼ 1, �C ¼ �1, �S ¼ �1
B� ! �D0K�

2 1:3� 10�6 1:2� 10�6 � � �
B� ! D�

s a
0
2 2:0� 10�5 9:4� 10�6 � � �

B� ! D�
s f2 2:2� 10�5 1� 10�5 � � �

B� ! D�
s f

0
2 4:3� 10�7 0:12� 10�6 � � �

�B0 ! �D0 �K0
2 1:2� 10�6 1:1� 10�6 � � �

�B0 ! D�
s a

þ
2 3:8� 10�5 1:8� 10�5 � � �

�B0
s ! D�

s K
þ
2 2:6� 10�5 � � � � � �

�B0
s ! �D0f2 1:5� 10�8 � � � � � �
�B0
s ! �D0f02 1:0� 10�6 � � � � � �

�b ¼ 1, �C ¼ 0, �S ¼ 0
B� ! ��a02 6:7� 10�6 2:6� 10�6 4:38� 10�6

B� ! ��f2 7:1� 10�6 � � � � � �
B� ! ��f02 1:5� 10�7 � � � � � �
B� ! �0a�2 0:38� 10�6 0:001� 10�6 0:015� 10�6

B� ! �a�2 0:23� 10�6 0:29� 10�6 45:8� 10�6

B� ! �0a�2 0:13� 10�6 1:31� 10�6 71:3� 10�6

�B0 ! ��aþ2 13:0� 10�6 4:88� 10�6 8:19� 10�6

�B0 ! �0a02 0:18� 10�6 0:0003� 10�6 0:007� 10�6

�B0 ! �0f2 1:9� 10�7 � � � � � �
�B0 ! �0f02 3:9� 10�9 � � � � � �
�B0 ! �a02 0:11� 10�6 0:14� 10�6 25:2� 10�6

�B0 ! �f2 1:1� 10�7 � � � � � �
�B0 ! �f02 2:4� 10�9 � � � � � �
�B0 ! �0a02 0:06� 10�6 0:62� 10�6 43:3� 10�6

�B0 ! �0f2 6:3� 10�8 � � � � � �
�B0 ! �0f02 1:3� 10�9 � � � � � �
�B0
s ! ��Kþ

2 7:8� 10�6 � � � � � �
�B0
s ! �0K0

2 2:2� 10�7 � � � � � �
�B0
s ! �K0

2 1:3� 10�7 � � � � � �
�B0
s ! �0K0

2 7:5� 10�8 � � � � � �
�b ¼ 1, �C ¼ 0, �S ¼ �1
B� ! K�a02 0:51� 10�6 0:31� 10�6 0:39� 10�6

B� ! K�f2 5:4� 10�7 � � � � � �
B� ! K�f02 1:5� 10�8 � � � � � �
B� ! �0K�

2 0:02� 10�6 0:09� 10�6 0:15� 10�6

B� ! �K�
2 0:01� 10�6 0:03� 10�6 1:19� 10�6

B� ! �0K�
2 0:007� 10�6 1:40� 10�6 2:70� 10�6

�B0 ! K�aþ2 0:95� 10�6 0:58� 10�6 0:73� 10�6

�B0 ! �0 �K0
2 0:02� 10�6 0:08� 10�6 0:13� 10�6

�B0 ! � �K0
2 0:01� 10�6 0:03� 10�6 1:09� 10�6

�B0 ! �0 �K0
2 0:006� 10�6 1:3� 10�6 2:46� 10�6

�B0
s ! K� �Kþ

2 5:9� 10�7 � � � � � �
�B0
s ! �0f2 1:9� 10�10 � � � � � �
�B0
s ! �0f02 1:4� 10�8 � � � � � �
�B0
s ! �f2 1:1� 10�10 � � � � � �
�B0
s ! �f02 8:3� 10�9 � � � � � �

�B0
s ! �0f2 6:5� 10�11 � � � � � �
�B0
s ! �0f02 4:7� 10�9 � � � � � �

�b ¼ 1, �C ¼ �1, �S ¼ 0
B� ! D�a02 6:5� 10�7 � � � � � �
B� ! D�f2 6:9� 10�7 � � � � � �
B� ! D�f02 1:4� 10�7 � � � � � �
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(c) �b ¼ 1, �C ¼ 0, �S ¼ 0 mode:
(i) For dominant decays, we predict BðB� ! D�D0

2Þ ¼
2:5� 10�5, Bð �B0 ! D�Dþ

2 Þ ¼ 2:4� 10�5 and
Bð �B0

s ! D�Dþ
s2Þ ¼ 2:9� 10�5.

(ii) Decays B� ! D0D�
2 =�

��c2ð1PÞ, �B0 ! D0 �D0
2=

D�
s D

þ
s2 = DþD�

2 = �D0D0
2 = Dþ

s D�
s2 = �0�c2ð1PÞ =

��c2ð1PÞ=�0�c2ð1PÞ, and �B0
s ! K0�c2=D

þ
s D

�
2 are

forbidden in our analysis. Annihilation diagrams,
elastic FSI and penguin diagrams may generate
these decays to the naked charm mesons. How-
ever, decays emitting charmonium �c2ð1PÞ remains
forbidden in the ideal mixing limit.

(d) �b ¼ 1, �C ¼ 1, �S ¼ �1 mode:
(i) Branching ratios of the dominant decays are

BðB� ! K�D0
2Þ ¼ 4:8� 10�5, Bð �B0 ! K�Dþ

2 Þ ¼
4:5� 10�5, and Bð �B0

s ! K�Dþ
s2Þ ¼ 5:2� 10�5.

Decays �B0 ! �K0D0
2=D

þK�
2 and �B0

s ! ��Dþ
2 =

�0D0
2=�D

0
2=�

0D0
2=D

þa�2 =D
0a02=D

þ
s K

�
2 are forbid-

den in our analysis. Annihilation diagrams do not
contribute to these decays. However, these may ac-
quire nonzero branching ratios through elastic FSI.

(2) B ! PT decays involving b ! u transition
(a) �b ¼ 1, �C ¼ 0, �S ¼ 0 mode:
(i) BðB� ! ��f2Þ ¼ 7:1� 10�6 is in good agreement

with the experimental value ð8:2� 2:5Þ � 10�6, and
Bð �B0 ! ��aþ2 Þ ¼ 1:3� 10�5 is well below the ex-
perimental upper limit <3:0� 10�4.

(ii) B� ! K0K�
2 =K

�K0
2 ,

�B0 ! KþK�
2 =K

0 �K0
2=K

0 �K0
2=

�K0K0
2=K

�Kþ
2 =�

þa�2 and �B0
s ! Kþa�2 =K

0a02=
K0f2=K

0f02 are forbidden in the present analysis.
Annihilation process and FSIs may generate these
decays.

(iii) B� ! �� �K0
2 and �B0 ! �þK�

2 are also forbidden

in the present analysis which may be generated
through annihilation diagram or elastic FSI.

(b) �b ¼ 1, �C ¼ �1, �S ¼ �1 mode:
(i) Branching ratios BðB� ! D�

s a
0
2Þ ¼ 2:0� 10�5,

BðB� ! D�
s f

0
2Þ ¼ 2:2� 10�5, Bð �B0 ! D�

s a
þ
2 Þ ¼

3:8� 10�5, and Bð �B0
s ! D�

s K
þ
2 Þ ¼ 2:6� 10�5

have relatively large branching ratios.
(ii) Decays B� ! �0D�

s2=�D
�
s2=�

0D�
s2=

�K0D�
2 =K

�D0
2=

D� �K0
2,

�B0 ! �K0D0
2=�

þD�
s2, and �B0

s ! KþD�
s2=

�þD�
2 =�

0 �D0
2=�

�D0
2=�

0 �D0
2=

�D0a02=D
�aþ2 are forbid-

den in the present analysis. Annihilation and FSIs
may generate these decays.

(c) �b ¼ 1, �C ¼ �1, �S ¼ 0 mode:
(i) Branching ratios of Bð �B0 ! �D0f2Þ ¼ 3:6� 10�8

is smaller than the experimental value
ð1:2� 0:4Þ � 10�4. It may be noted that
W-annihilation and W-exchange diagrams may
also contribute to the B decays under consideration.
Normally, such contributions are expected to be
suppressed due to the helicity and color arguments.
Including the factorizable contribution of such
diagrams, the decay amplitude of �B0 ! �D0f2 get

modified to (leaving aside the scale factor GFffiffi
2

p VubV
�
cd)

Að �B0 ! �D0f2Þ ¼ 1ffiffiffi
2

p a2fD cos�TF
B!f2ðm2

DÞ

þ 1ffiffiffi
2

p a2fB cos�TF
f2!Dðm2

BÞ: (32)

Using fB ¼ 0:176 GeV, we find that the experi-
mental branching ratio Bð �B0 ! �D0f2Þ requires
Ff2!Dðm2

BÞ ¼ �9:99 GeV. This in turn enhances
the branching ratio for B� ! D�f2 to 1:2� 10�4.

(ii) Dominant decay is Bð �B0 ! D�aþ2 Þ ¼ 1:2� 10�6

and next order dominant decays are BðB�!
D�f2Þ¼6:9�10�7, BðB�!D�a02Þ¼6:5�10�7,

and Bð �B0
s !D�Kþ

2 Þ ¼ 8:3� 10�7.
(iii) Decays B� !K0D�

s2=�
0D�

2 =�
� �D0

2=�D
�
2 =�

0D�
2 =

D�
s K

0
2=�cD

�
2 ,

�B0 ! KþD�
s2=�

þD�
2 =�

0 �D0
2=�

�D0
2=

�0 �D0
2=D

�
s K

þ
2 =�cD

�
2 , and

�B0
s ! K0 �D0

2 are forbid-
den in the present analysis. Annihilation diagrams
may generate these decays.

Decays Branching ratios

This work KLO [16] MQ [23]

B� ! �D0a�2 7:3� 10�8 � � � � � �
�B0 ! D�aþ2 1:2� 10�6 � � � � � �
�B0 ! �D0a02 3:4� 10�8 � � � � � �
�B0 ! �D0f2 3:6� 10�8 � � � � � �
�B0 ! �D0f02 7:1� 10�10 � � � � � �
�B0
s ! D�Kþ

2 8:3� 10�7 � � � � � �
�B0
s ! �D0K0

2 4:6� 10�8 � � � � � �

TABLE V. (Continued)

TABLE VI. Branching ratios of B ! VT decays in CKM-
favored mode involving b ! c transition.

Decay Branching ratios

This work KLO [16]

�b ¼ 1, �C ¼ 1, �S ¼ 0
B� ! ��D0

2 1:9� 10�3 1:0� 10�3

B� ! D�0a�2 2:6� 10�4 1:7� 10�4

�B0 ! ��Dþ
2 1:8� 10�3 0:92� 10�3

�B0 ! D�0a02 1:2� 10�4 0:78� 10�4

�B0 ! D�0f2 1:3� 10�4 0:84� 10�4

�B0 ! D�0f02 2:6� 10�6 1:1� 10�6

�B0
s ! ��Dþ

s2 2:1� 10�3 � � �
�B0
s ! D�0K0

2 1:7� 10�4 � � �
�b ¼ 1, �C ¼ 0, �S ¼ �1
B� ! D��

s D0
2 1:1� 10�3 1:2� 10�3

B� ! cK�
2 4:6� 10�4 3:8� 10�4

�B0 ! D��
s D0

2 1:1� 10�4 1:1� 10�3

�B0 ! c �K0
2 4:3� 10�4 3:5� 10�4

�B0
s ! D��

s Dþ
s2 1:3� 10�3 � � �

�B0
s ! c f2 8:3� 10�6 � � �
�B0
s ! c f02 4:3� 10�4 � � �
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(d) �b ¼ 1, �C ¼ 0, �S ¼ �1 mode:
(i) BðB� ! K�f2Þ ¼ 0:54� 10�6 is smaller than the

experimental value ð1:3þ0:4
�0:5Þ � 10�6. This decay

mode is also likely to have contribution from
the W-annihilation and W-exchange processes.
Including the factorizable contribution of such dia-
grams, the decay amplitudes of B� ! K�f2 get

modified to (putting aside the scale factor GFffiffi
2

p VubV
�
us)

AðB� ! K�f2Þ

¼ 1ffiffiffi
2

p a1fK cos�TF
B!f2ðm2

KÞ

þ 1ffiffiffi
2

p a1fB cos�TF
f2!Kðm2

BÞ: (33)

As it is not possible to evaluate the form factor
Ff2!K at m2

B even in the phenomenological models,
it is treated as a free parameter. Taking fB ¼
0:176 GeV, we find that the experimental branching
ratio BðB� ! K�f2Þ ¼ ð1:3þ0:4

�0:5Þ � 10�6 requires

Ff2!Kðm2
BÞ ¼ �0:083 GeV. This value in turn

enhances the branching ratio for B� ! K�f2
through the W-annihilation contribution to 1:3�
10�6.

(ii) Branching ratios of BðB� ! �K�
2 Þ ¼ 1:2� 10�8

is small than the experimental value ð9:1� 3:0Þ �
10�6. Similar to B� ! K�f2 decay, this decay
mode is also likely to have contribution from
the W-annihilation and W-exchange processes.
Including the factorizable contribution of such dia-
grams, the decay amplitudes of B ! �K2 get modi-

fied to (leaving aside the scale factor GFffiffi
2

p VubV
�
us)

TABLE VII. Branching ratios of B ! VT decays in CKM-
suppressed mode involving b ! c transition.

Decay Branching ratios

This work KLO [16]

�b ¼ 1, �C ¼ 1, �S ¼ �1
B� ! K��D0

2 9:7� 10�5 5:2� 10�5

B� ! D�0K�
2 1:4� 10�5 1:2� 10�5

�B0 ! K��Dþ
2 9:1� 10�5 4:9� 10�5

�B0 ! D�0
2

�K0
2 1:3� 10�5 1:1� 10�5

�B0
s ! K��Dþ

s2 1:1� 10�4 � � �
�B0
s ! D�0f2 1:6� 10�7 � � �
�B0
s ! D�0f02 1:1� 10�5 � � �

�b ¼ 1, �C ¼ 0, �S ¼ 0
B� ! D��D0

2 6:1� 10�5 5:3� 10�5

B� ! ca�2 2:6� 10�5 1:6� 10�5

�B0 ! D��Dþ
2 5:7� 10�5 5:0� 10�5

�B0 ! c a02 12:3� 10�6 7:7� 10�6

�B0 ! c f2 13:3� 10�6 8:4� 10�6

�B0 ! c f02 0:2� 10�6 0:09� 10�6

�B0
s ! D��Dþ

s2 1:2� 10�5 � � �
�B0
s ! cK0

2 2:1� 10�5 � � �

TABLE VIII. Branching ratios of B ! VT decays involving
b ! u transition.

Decays Branching ratios

This work KLO [16] MQ [23]

�b ¼ 1, �C ¼ �1, �S ¼ �1

B� ! �D�0K�
2 2:1� 10�6 1:9� 10�6 � � �

B� ! D��
s a02 19:6� 10�6 15:5� 10�6 � � �

B� ! D��
s f2 20:7� 10�6 16:7� 10�6 � � �

B� ! D��
s f02 0:4� 10�6 0:2� 10�6 � � �

�B0 ! �D�0 �K0
2 1:9� 10�6 1:8� 10�6 � � �

�B0 ! D��
s aþ2 36:7� 10�6 29:1� 10�6 � � �

�B0
s ! D��

s Kþ
2 26:1� 10�6 � � � � � �

�B0
s ! �D�0f2 2:4� 10�8 � � � � � �
�B0
s ! �D�0f02 1:6� 10�6 � � � � � �

�b ¼ 1, �C ¼ 0, �S ¼ 0

B� ! �0a�2 1:1� 10�6 0:007� 10�6 0:07� 10�6

B� ! ��a02 19:4� 10�6 7:3� 10�6 19:4� 10�6

B� ! ��f2 20:4� 10�6 � � � � � �
B� ! ��f02 4:4� 10�7 � � � � � �
B� ! !a�2 0:07� 10�6 0:01� 10�6 0:14� 10�6

B� ! �a�2 1:1� 10�6 0:004� 10�6 0:019� 10�6

�B0 ! ��aþ2 36:2� 10�6 14:7� 10�6 36:2� 10�6

�B0 ! �0a02 0:5� 10�6 0:003� 10�6 0:03� 10�6

�B0 ! �0f2 5:7� 10�7 � � � � � �
�B0 ! �0f02 1:1� 10�8 � � � � � �
�B0 ! !a02 0:03� 10�6 0:005� 10�6 0:07� 10�6

�B0 ! !f2 3:4� 10�8 � � � � � �
�B0 ! !f02 7:2� 10�10 � � � � � �
�B0 ! �a02 0:5� 10�6 0:002� 10�6 0:009� 10�6

�B0 ! �f2 5:3� 10�7 � � � � � �
�B0 ! �f02 1:1� 10�8 � � � � � �
�B0
s ! ��Kþ

2 2:3� 10�5 � � � � � �
�B0
s ! �0K0

2 6:4� 10�7 � � � � � �
�B0
s ! !K0

2 4:0� 10�8 � � � � � �
�B0
s ! �K0

2 6:4� 10�7 � � � � � �
�b ¼ 1, �C ¼ 0, �S ¼ �1

B� ! K��a02 1:0� 10�6 1:9� 10�6 2:8� 10�6

B� ! K��f2 1:1� 10�6 � � � � � �
B� ! K��f02 2:3� 10�8 � � � � � �
B� ! �0K�

2 0:06� 10�6 0:253� 10�6 0:74� 10�6

B� ! !K�
2 0:004� 10�6 0:112� 10�6 0:06� 10�6

B� ! �K�
2 0:06� 10�6 2:2� 10�6 9:2� 10�6

�B0 ! K��aþ2 1:9� 10�6 3:5� 10�6 7:3� 10�6

�B0 ! �0 �K0
2 0:05� 10�6 0:235� 10�6 0:68� 10�6

�B0 ! ! �K0
2 0:003� 10�6 0:104� 10�6 0:053� 10�6

�B0 ! � �K0
2 0:05� 10�6 2:0� 10�6 8:5� 10�6

�B0
s ! K��Kþ

2 1:2� 10�6 � � � � � �
�B0
s ! �0f2 5:6� 10�10 � � � � � �
�B0
s ! �0f02 4:1� 10�8 � � � � � �
�B0
s ! !f2 3:5� 10�11 � � � � � �
�B0
s ! !f02 2:6� 10�9 � � � � � �
�B0
s ! �f2 5:6� 10�10 � � � � � �
�B0
s ! �f02 4:1� 10�8 � � � � � �

�b ¼ 1, �C ¼ �1, �S ¼ 0

B� ! D��a02 9:6� 10�7 � � � � � �
B� ! D��f2 1:0� 10�6 � � � � � �
B� ! D��f02 2:1� 10�8 � � � � � �
B� ! �D�0a�2 1:1� 10�7 � � � � � �
�B0 ! D��aþ2 1:8� 10�6 � � � � � �
�B0 ! �D�0a02 5:0� 10�8 � � � � � �
�B0 ! �D�0f2 5:3� 10�8 � � � � � �
�B0 ! �D�0f02 1:1� 10�9 � � � � � �
�B0
s ! D��Kþ

2 1:2� 10�6 � � � � � �
�B0
s ! �D�0K0

2 7:0� 10�8 � � � � � �
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AðB� ! �K�
2 Þ

¼ 1ffiffiffi
2

p a2f� sin�PF
B!K2ðm2

�Þ

þ 1ffiffiffi
2

p a2fB sin�PF
K2!�ðm2

BÞ;

Að �B0 ! � �K0
2Þ

¼ 1ffiffiffi
2

p a2f� sin�PF
B!K2ðm2

�Þ

þ 1ffiffiffi
2

p a2fB sin�PF
K2!�ðm2

BÞ:

(34)

For fB ¼ 0:176 GeV, we find that the experimental
branching ratio BðB� ! �K�

2 Þ ¼ ð9:1� 3:0Þ �
10�6 requires FK2!�ðm2

BÞ ¼ �3:03 GeV. This in
turn enhances the branching ratio for �B0 ! � �K0

2

to 8:1� 10�6, which is consistent with the experi-
mental value ð9:6� 2:1Þ � 10�6.

(iii) Decays B� ! �� �K0
2=

�K0a�2 , �B0 ! �þK�
2 =

�K0a02=
�K0f2= �K0f02, and �B0

s ! KþK�
2 =K

0 �K0
2=�

þa�2 =
�0a02=�

�aþ2 =�a
0
2=

�K0K0
2=�

0a02 are forbidden in

the present analysis. Annihilation and FSIs may
generate these decays.

(II) For B ! VT meson decays:
(1) B ! VT decays involving b ! c transition
(a) �b ¼ 1, �C ¼ 1, �S ¼ 0 mode:
(i) In the present analysis, branching ratios BðB� !

��D0
2Þ ¼ 1:3� 10�3 and Bð �B0 ! ��Dþ

2 Þ ¼ 1:2�
10�3, consistent with the experimental upper limit
<4:7� 10�3 and <4:9� 10�3.

(ii) Dominant decay has branching ratio Bð �B0
s !

��Dþ
s2Þ ¼ 2:1� 10�3.

Because of the vanishing matrix element between
the vacuum and tensor meson, the following decays:
�B0 ! �0D0

2=!D0
2=�D0

2=D
�þa�2 =D�þ

s K�
2 =K

��Dþ
s2

and �B0
s ! K�0D0

2=D
�þ
s a�2 are forbidden in the

present analysis. But, these may appear through
annihilation diagrams. Like B ! PT decays, here
also, �B0 ! �0D0

2=D
�þa�2 may occur through elastic

FSIs.
(b) �b ¼ 1, �C ¼ 0, �S ¼ �1 mode:
(i) Branching ratios of dominant decays are Bð �B0

s !
D��

s Dþ
s2Þ ¼ 1:3� 10�3, Bð �B0 ! D��

s Dþ
2 Þ ¼

1:1� 10�3, and BðB� ! D��
s Dþ

2 Þ ¼ 1:1� 10�3.
(ii) Analogous to B ! PT, B� ! D�0D�

s2=
K���c2ð1PÞ, �B0 ! D�þD�

s2=
�K�0�c2ð1PÞ and

�B0
s!�0�c2=!�c2=��c2=D

�þD�
2 =D

�0 �D0
2=D

�þ
s D�

s2=
D��Dþ

2 =
�D�0D0

2=c a02 decays are forbidden in

this work. B� ! D�0D�
s2=D

��
s D0

2 and �B0 !
D�þD�

s2=D
��
s Dþ

2 decays may get contribution

through penguin diagrams. However, the require-
ment of a c �c pair creation may suppress these
decays.

(c) �b ¼ 1, �C ¼ 0, �S ¼ 0 mode:

(i) Here also, dominant decays have the branching ra-
tios of the order of 10�5 except the decay �B0 ! c f02
whose branching ratios comes out to be 2:0� 10�7.

(ii) Forbidden decays in this mode are B� !
D�0D�

2 =�
��c2ð1PÞ, �B0 ! D�0 �D0

2=D
��
s Dþ

s2=
D�þD�

2 = �D�0D0
2=D

�þ
s D�

s2=�
0�c2ð1PÞ=!�c2ð1PÞ=

��c2ð1PÞ, and �B0
s ! K�0�c2=D

�þ
s D�

2 . Annihilation

diagrams, elastic FSI, and penguin diagrams may
generate these decays emitting naked charm me-
sons. However, decays emitting charmonium
�c2ð1PÞ remain forbidden in the ideal mixing limit.

(d) �b ¼ 1, �C ¼ 1, �S ¼ �1 mode:
(i) The only dominant decay has branching ratio

Bð �B0
s ! K��Dþ

s2Þ ¼ 1:1� 10�4.

(ii) In this mode �B0 ! �K�0D0
2=D

�þK�
2 and �B0

s !
��Dþ

2 =�
0D0

2=!D0
2=�D0

2=D
�þa�2 =D�0a02=D

�þ
s K�

2

decays are forbidden in our analysis. These decays
do not acquire contribution from annihilation pro-
cess. However, elastic FSI may generate nonzero
branching ratios for these decays.

(2) B ! VT decays involving b ! u transition
(a) �b ¼ 1, �C ¼ 0, �S ¼ 0 mode:
(i) BðB� ! �0a�2 Þ ¼ 1:1� 10�6 is well below the ex-

perimental upper limit <7:2� 10�4.
(ii) Branching ratios BðB� ! ��a02Þ ¼ 19:4� 10�6

and Bð �B0 ! ��aþ2 Þ ¼ 36:2� 10�6 match well

with the numerical values predicted by Muñoz and
Quintero [23].

(iii) In the present analysis B� ! K�0K�
2 =K

��K0
2 ,

�B0 ! K�þK�
2 =K

�0 �K0
2=

�K�0K0
2=K

��Kþ
2 =�

þa�2 ,
and �B0

s ! K�þa�2 =K�0a02=K
�0f2=K�0f02 decays are

forbidden. But these may get contribution from
annihilation process and FSIs.

(iv) Decays B� ! �� �K0
2 and

�B0 ! �þK�
2 , which may

be generated through annihilation diagram or elas-
tic FSI, are also forbidden in the present analysis.

(b) �b ¼ 1, �C ¼ �1, �S ¼ �1 mode:
(i) Obtained branching ratio Bð �B0 ! D��

s aþ2 Þ ¼ 3:7�
10�5 is well below the experimental upper limit
<2:0� 10�4.

(ii) Also in this mode, B� ! �0D�
s2=!D�

s2=�D�
s2=

�K�0D�
2 =K

��D0
2=D

�� �K0
2,

�B0 ! �K�0D0
2=�

þD�
s2, and

�B0
s ! K�þD�

s2=�
þD�

2 =�
0 �D0

2=!
�D0
2=�

�D0
2=

�D�0a02=
D��aþ2 decays are forbidden. Though, these may

appear through annihilation and FSIs.
(c) �b ¼ 1, �C ¼ �1, �S ¼ 0 mode:
(i) Dominant decays are BðB� ! D��aþ2 Þ ¼

1:8� 10�6, BðB� ! D��f2Þ ¼ 1:8� 10�6, and
Bð �B0

s ! D��Kþ
2 Þ ¼ 1:0� 10�6.

(ii) Here also, B� ! K�0D�
s2=�

0D�
2 =�

� �D0
2=!D�

2 =
�D�

2 =D
��
s K0

2 ,
�B0 ! K�þD�

s2=�
þD�

2 =�
0 �D0

2=!
�D0
2=

� �D0
2=D

��
s Kþ

2 , and �B0
s ! K�0 �D0

2=K
�þD�

2 decays

are forbidden. Annihilation diagrams may generate
these decays.

(d) �b ¼ 1, �C ¼ 0, �S ¼ �1 mode:
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(i) Branching ratios of BðB� ! �0K�
2 Þ ¼ 0:006�

10�6, BðB� ! �K�
2 Þ ¼ 0:006� 10�6, and Bð �B0 !

�0 �K0
2Þ ¼ 0:05� 10�6 are well below the experi-

mental upper limit <1:5� 10�3, <3:4� 10�3 and
<1:1� 10�3. Bð �B0 ! � �K0

2Þ ¼ 0:05� 10�6 is well

below the only experimentally observed value
ð7:8� 1:3Þ � 10�6.

(ii) Decays B� ! �� �K0
2=

�K�0a�2 , �B0 ! �þK�
2 =

�K�0a02= �K�0f2= �K�0f02, and �B0
s ! �K�0K0

2=K
�0 �K0

2=
�þa�2 =�0a02=�

�aþ2 =!a02=�a02 are forbidden in the

present analysis. These may appear via annihilation
and FSIs.

V. SUMMARYAND CONCLUSIONS

In this paper, we have studied hadronic weak decays of
bottom mesons emitting pseudoscalar/vector and tensor
mesons. The matrix elements hTðq�ÞjJ�j0i vanish due to

the tracelessness of the polarization tensor 2�	 of spin 2

meson and the auxiliary condition q� 2�	¼ 0. Therefore,

either color-favored or color-suppressed diagrams contrib-
ute. Therefore, the analysis of these decays is free of
constructive or destructive interference for color-favored
and color-suppressed diagrams. We employ ISGW II
model [3] to determine the B ! T form factors appearing
in the decay matrix element of weak currents involving
b ! c and b ! u transitions. Consequently, we have ob-
tained the decay amplitudes and calculated the branching
ratios of B ! PT=VT decays in CKM-favored and CKM-
suppressed modes. We make the following conclusions:

(i) B ! PT decays: Decays involving b ! c transition
have larger branching ratios of the order of 10�4 to
10�8 and decays involving b ! u transition have
branching ratios of the order of 10�5 to 10�11.
Dominant decay modes involving b ! c transition
are BðB� ! D�

s D
0
2Þ ¼ 6:8� 10�4, BðB� !

��D0
2Þ ¼ 6:7� 10�4, Bð �B0 ! D�

s D
þ
2 Þ ¼

6:4� 10�4, Bð �B0 ! ��Dþ
2 Þ ¼ 6:1� 10�4,

BðB� ! D0a�2 Þ ¼ 1:8� 10�4, BðB� ! �cK
�
2 Þ ¼

1:4� 10�4, Bð �B0 ! �c
�K0
2Þ ¼ 1:3� 10�4, Bð �B0

s !
D�

s D
þ
s2Þ ¼ 7:7� 10�4, Bð �B0

s ! ��Dþ
s2Þ ¼

7:1� 10�4, Bð �B0
s ! �cf

0
2Þ ¼ 1:3� 10�4, and

Bð �B0
s ! D0K0

2Þ ¼ 1:1� 10�4. Experimentally, the

branching ratios of only five decay modes are mea-
sured and upper limits are available for six other
decays. We find that the calculated branching ratio
BðB� ! ��f2Þ ¼ 7:1� 10�6 is in good agreement
with the experimental value ð8:2–2:5Þ � 10�6;
whereas, BðB� ! K�f2Þ ¼ 5:4� 10�7 is smaller
than the experimental value ð1:3þ0:4

�0:5Þ � 10�6. B de-

cay requires contribution from the W-annihilation
diagram to bridge the gap between theoretical and
experimental value.

(ii) B ! VT decays: Here again, decays involving
b ! c transition have branching ratios ranging

from 10�3 to 10�7, while decays involving b ! u
transition have branching ratios range from 10�5 to
10�11. Branching ratios of dominant decay modes
are Bð �B0

s ! ��Dþ
s2Þ ¼ 2:1� 10�3, BðB� !

��D0
2Þ ¼ 1:8� 10�3, Bð �B0 ! ��Dþ

2 Þ ¼
1:7� 10�3, Bð �B0

s ! D��
s Dþ

s2Þ ¼ 1:3� 10�3,

BðB� ! D��
s D0

2Þ ¼ 1:1� 10�3, and Bð �B0 !
D��

s Dþ
2 Þ ¼ 1:1� 10�3. In contrast to the charm

meson decays, the experimental data show con-
structive interference for B meson decays involving
both the color-favored and color-suppressed
diagrams, giving a1 ¼ 1:10� 0:08 and a2 ¼
0:20� 0:02. In the present analysis, the decay am-
plitude is proportional to only one QCD coefficient
either a1 (for color-favored diagram) or a2 (for
color-suppressed diagram); therefore, our results
remains unaffected from the interference pattern.

(iii) Comparison with other models We also compare
our results with branching ratios calculated in the
other models [17,23,24]. The predicted branching
ratios in Kim, Lee, and Oh (KLO) [17] shown in
the 3rd column of Tables III to VIII, while the
prediction of Muñoz and Quintero (MQ) [23]
are given in 4th column of Tables V,
VIII. The prediction of KLO [17] are in general
smaller as compared to the present branching ratios
because of the difference in the form factors since
different quark masses have been used in the two
works.
MQ [23] have recently studied few charmless de-
cays of B ! PT and B ! VT mode. Some of the
branching ratios are smaller than our numerical
value of branching ratios, while the others are large
as compared to the present predictions, particularly
for � or �0 emitting decays. The disagreement with
their predictions may be attributed to the difference
in the form factors obtained in the covariant light-
front approach and inclusion of the nonfactorizable
contributions in their results. It may be noted that
the form factors at small q2 obtained in the cova-
riant light-front approach and ISGW II quark
model agrees within 40% [3]. However, when q2

increases hðq2Þ, bþðq2Þ and b�ðq2Þ increases more
rapidly in the covariant light-front model than in
the ISGW II model. Another important fact is that
the behavior of the form factor k in both models is
different, especially, for the decay B ! �K2. The
form factor kðm2

�Þ is bigger in ISGW II quark

model than in light-front quark model and decay
constants used to calculate the numerical values are
different in both the works.
Branching ratios have also been calculated by
Cheng [25]. For B ! PT decays, his pre-
dictions BðB� ! ��D0

2Þ ¼ 6:7� 10�4 and

Bð �B0 ! ��Dþ
2 Þ ¼ 6:1� 10�4 match well with

DECAYS OF BOTTOM MESONS EMITTING TENSOR ... PHYSICAL REVIEW D 83, 014007 (2011)

014007-9



the numerical branching ratios obtained in the
present work. However, the other branching
ratios BðB� ! D�

s D
0
2Þ ¼ 4:2� 10�4, Bð �B0 !

D�
s D

þ
2 Þ ¼ 3:8� 10�4, and Bð �B0

s ! ��Dþ
s2Þ ¼

3:8� 10�4 are different from our results owing to
the different values used for the decay constant fDs

.

For B ! VT decays, his predictions BðB� !
��D0

2Þ ¼ 1:8� 10�3, BðB� ! D��
s D0

2Þ ¼
1:1� 10�3, Bð �B0 ! ��Dþ

2 Þ ¼ 1:7� 10�3,
Bð �B0 ! D��

s Dþ
2 Þ ¼ 1:0� 10�3, and Bð �B0

s !
��Dþ

s2Þ ¼ 2:1� 10�3 match well with the numeri-

cal branching ratios obtained in the present work.
The Belle collaboration is currently searching
for some B ! PT and B ! VT modes and their

preliminary results indicate that the branching ra-
tios for these may not be very small compared to
B ! PPmodes. We hope our predictions would be
within the reach of the current experiments.
Observation of these decays in the B experiments
such as Belle, BABAR, BTeV, LHC, and so on will be
crucial in testing the ISGW II and other quark
models as well as validity of the factorization
scheme.
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