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Charmless B̄s\VV decays in QCD factorization

Xinqiang Li, Gongru Lu, and Y. D. Yang*
Department of Physics, Henan Normal University, Xinxiang, Henan 453002, People’s Republic of China
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The two body charmless decays ofBs mesons to light vector mesons are analyzed within the framework of
QCD factorization. This approach implies that the nonfactorizable corrections to different helicity amplitudes
are not the same. The effective parametersai

h for helicity h50,1,2 states receive different nonfactorizable
contributions and hence are helicity dependent, contrary to the naive factorization approach whereai

h are

universal and polarization independent. The branching ratios forB̄s→VV decays are calculated and we find
that the branching ratios of some channels are of the order of 1025, which are measurable at future experi-
ments. The transverse to total decay rateGT /G is also evaluated and found to be very small for most decay

modes; so, in charmlessB̄s→VV decays, both light vector mesons tend to have zero helicity.
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I. INTRODUCTION

The charmless two-bodyB decays play a crucial role in
determining the flavor parameters, especially the Cabib
Kobayashi-Maskawa~CKM! anglesa, b, andg. With pre-
cise measurements of these parameters, we can explorCP
violation which is described by the phase of the CKM mat
in the standard model~SM!. Recently there has been remar
able progress in the study of exclusive charmlessB decays,
both experimentally and theoretically. On the experimen
aspect, many two-body nonleptonic charmlessB decays have
been observed by CLEO andB factories at KEK and SLAC
@1,2# and moreB decay channels will be measured with gre
precision in the near future. With the accumulation of da
the SM can be tested in more detail. Theoretically, sev
novel methods have also been proposed to study the non
torizable effects in the hadronic matrix elements, such
QCD factorization ~QCDF! @3#, the perturbative QCD
~PQCD! method@4#, and so on. Intensive investigations o
hadronic charmless two-bodyBu,d decays with these meth
ods have been studied in detail@5–9#.

The extension of QCDF fromBu,d decays toBs decays
has also been carried out by several authors@10,11#. In prin-
ciple, the physics of theBs two-body hadronic decays is ver
similar to that for theBd meson, except that the spectatord
quark is replaced by thes quark. However, the problem i
that theBs meson oscillates at a high frequency, and nonl
tonic Bs decays have still remained elusive from observati
Unlike the Bu,d mesons, the heavierBs meson cannot be
studied at theB factories operating at theY(4s) resonance.
But it is believed that in the forthcoming hadron collide
such as the Collider Detector at Fermilab~CDF!, D0, DESY
ep collider HERA-B, BTeV, and CERN Large Hadron Co
lider ~LHCb!, CP violation in theBs system can be observe
with high accuracy. This makes the search forCP violation
in the Bs system decays very interesting.

In the papers@11,12#, the authors have studied systema
cally theBs→PP,PV decays~hereP,V denote pseudoscala
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and vector mesons, respectively! with QCD factorization,
and intensive phenomenological analysis has been m
Since theB→VV modes reveal dynamics of exclusiveB
meson decays more than theB→PP andPV modes through
the measurement of the magnitudes and the phases of va
helicity amplitudes, in the present work we plan to make
detailed study ofB̄s→VV decays within the same framewor
of QCD factorization. We find that, contrary to the gener
ized factorization approach, nonfactorizable corrections
each helicity amplitude are not the same; the effective
rametersai

h vary for different helicity amplitudes. The trans
verse to total decay rateGT /G is very small for most decay
modes, so in the heavy quark limit, both light vector meso
in charmlessB̄s→VV decays tend to have zero helicit
Branching ratios for some decay modes are found of or
1025, which could be measured at LHCb.

This paper is organized as follows. In Sec. II, we outli
the necessary ingredients of the QCD factorization appro
for describing theB̄s→VV decays and calculate the effectiv
parametersai

h . Input parameters, numerical calculations, a
results are presented in Sec. III. Finally we conclude wit
summary in Sec. IV. The amplitudes for charmless two-bo
B̄s→VV decays are given in the Appendix.

II. B̄S\VV IN QCD FACTORIZATION APPROACH

A. The effective Hamiltonian

Using the operator product expansion and renormaliza
group equation, the low energy effective Hamilization re
evant to hadronic charmlessB decays can be written as@13#

Heff5
Gf

A2
Flu~C1O1

u1C2O2
u!1lc~C1O1

c1C2O2
c!

2l tS (
i 53

10

CiOi1C7gO7g1C8gO8gD G1H.c., ~1!

wherel i5VibViq* are CKM factors andCi(m) are the effec-
tive Wilson coefficients which have been reliably evaluatcn
©2003 The American Physical Society15-1
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to the next-to-leading logarithmic order. The effective ope
tors Oi can be expressed as follows:

O1
u5~ ūb!V2A~ q̄u!V2A ,

O2
u5~ ūabb!V2A~ q̄bua!V2A ,

O1
c5~ c̄b!V2A~ q̄c!V2A ,

O2
c5~ c̄abb!V2A~ q̄bca!V2A ,

O3(5)5~ q̄b!V2A(
q8

~ q̄8q8!V2A(V1A) ,

O4(6)5~ q̄abb!V2A(
q8

~ q̄8bqa8 !V2A(V1A) ,

O7(9)5~ q̄b!V2A(
q8

eq8~ q̄8q8!V1A(V2A) ,

O8(10)5~ q̄abb!V2A(
q8

eq8~ q̄8bqa8 !V1A(V2A) ,

O7g5
e

8p2
mbq̄asmn~11g5!baFmn ,

O8g5
g

8p2
mbq̄asmn~11g5!Tab

a bbGmn
a , ~2!

where q5d,s and q8 denotes all the active quarks at th
scalem5O(mb), i.e., q85u,d,s,c,b.

B. The factorizable amplitude for B̄s\VV

To calculate the decay rate and branching ratios forB̄s
→VV decays, we need the hadronic matrix element for
local four fermion operators

^V1~l1!V2~l2!u~ q̄2q3!V2A~ q̄1b!V2AuB̄s&, ~3!

wherel1 , l2 are the helicities of the final-state vector m
sonsV1 and V2 with four-momentump1 and p2, respec-
tively. In the rest frame of theBs system, since theBs meson
has spin zero, we havel15l25l. Let X(BsV1 ,V2) denote the
factorizable amplitude with the vector mesonV2 being fac-
tored out, under the naive factorization~NF! approach, we
can expressX(BsV1 ,V2) as

X(BsV1 ,V2)5^V2u~ q̄2q3!V2Au0&^V1u~ q̄1b!V2AuB̄s&. ~4!
11401
-

e

In terms of the decay constant and form factors defined
@14–17#

^V~p,«* !uq̄gmq8u0&

52 i f VmV«m* , ~5!

^V~p,«* !uq̄gm~12g5!buB̄s~pB!&

52«m* ~mB1mV!A1
BsV~q2!

1~pB1p!m~«* •pB!
A2

BsV~q2!

mB1mV

1qm~«* •pB!
2mV

q2
@A3

BsV~q2!2A0
BsV~q2!#

2 i emnab«* npB
apb

2VBsV~q2!

mB1mV
, ~6!

where q5pB2p and the form factors obey the followin
exact relations:

A3~0!5A0~0!,

A3
BsV~q2!5

mB1mV

2mV
A1

BsV~q2!2
mB2mV

2mV
A2

BsV~q2!. ~7!

With the above equations, the factorizable amplitude forB̄s
→V1V2 can be written as

X(B̄sV1 ,V2)5 i f V2
mV2F ~«1* •«2* !~mBs

1mV1
!A1

BsV1~mV2

2 !

2~«1* •pB!~«2* •pB!
2A2

BsV1~mV2

2 !

mBs
1mV1

1 i emnab«2*
m«1*

npB
apb

2VBsV~q2!

mBs
1mV1

G , ~8!

wherepB(mBs
) is the four-momentum~mass! of the B̄s me-

son, andmV1
(«1* ) andmV2

(«2* ) are the masses~polarization

vectors! of the two vector mesonsV1 and V2, respectively.
Here and in throughout the remainder of the paper we use
sign conventione0123521. Assuming theV1(V2) meson
flying in the plus~minus! z direction carrying the momentum
p1(p2), we get
X(B̄sV1 ,V2)55
2 i f V2

2mV1

F ~mBs

2 2mV1

2 2mV2

2 !~mBs
1mV1

!A1
BsV1~mV2

2 !2
4mBs

2 pc
2

mBs
1mV1

A2
BsV1~mV2

2 !G[h0 for l50,

2 i f V2
mV2F ~mBs

1mV1
!A1

BsV1~mV2

2 !6
2mBs

pc

mBs
1mV1

VBsV1~mV2

2 !G[h6 for l56,

~9!
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where l50,6 is the helicity of the vector meson andpc

5upW 1u5upW 2u is the momentum of either of the two outgoin
vector mesons in theB̄s rest frame.

In general, theB̄s→V1V2 amplitude can be decompose
into three independent helicity amplitudesH0 , H1 , and
H2 , corresponding tol50, 1, and 2, respectively. We
use the notation

Hl5^V1~l!V2~l!uHeffuB̄s& ~10!

for the helicity matrix element and it can be expressed
three independentLorentzscalarsa, b, andc. The relations
between them can be written as@3,17#

Hl5«1m* «2n* S agmn1
b

mV1
mV2

pB
mpB

n

1
ic

mV1
mV2

emnabp1ap2bD , ~11!

where the coefficientc corresponds to thep-wave amplitude,
anda andb to the mixture ofs- andd-wave amplitudes. The
helicity amplitudes can be reconstructed as

H052ax2b~x221!, ~12!

H652a7cAx221, ~13!

wherex5p1•p2 /mV1
mV2

. Given the helicity amplitudes, th

decay rate and the branching ratio forB̄s→V1V2 can be
written as

G~B̄s→V1V2!5
pc

8pmBs

2 ~ uH0u21uH1u21uH2u2!,

Br~B̄s→V1V2!5tBs

pc

8pmBs

2 ~ uH0u21uH1u21uH2u2!,

~14!

wheretBs
is the lifetime of theBs meson, andpc is given by

pc5
1

2mBs

A@mBs

2 2~mV1
1mV2

!2#@mBs

2 2~mV1
2mV2

!2#.

~15!

C. QCD factorization for B̄s\VV

Under the naive factorization~NF! approach, the coeffi-
cientsai are given byai5Ci11/NC Ci 11 for odd i and ai
5Ci11/NC Ci 21 for even i, which are obviously indepen
dent of the helicityl. In the present paper, we will compu
the nonfactorizable corrections to the effective parame
ai

h , which, however, are not the same for different helic
amplitudesH0 andH6 .

The QCD-improved factorization~QCDF! approach ad-
vocated by Benekeet al. @3# allows us to compute the non
factorizable corrections to the hadronic matrix eleme
11401
y

rs

s

^V1V2uOi uB̄s& in the heavy quark limit, since in themb→`

limit only hard interactions between the (B̄sV1) system and
V2 survive. In this method, the light-cone distribution amp
tudes ~LCDAs! play an essential role. Since we are on
concerned with two light vector mesons in the final stat
the LCDAs of the light vector meson of interest in mome
tum configuration are given by@15,17#

M da
V 5M dai

V 1M da'
V ~16!

with ~here we suppose the vector meson moving in then2

direction!

M i
V52

i f V

4

mV~«* •n1!

2
n”2F i

V~u!,

M'
V52

i f V

4
E«”'

* n”2F'
V~u!

2
i f VmV

4 F«”'
* g'

(v)V~u!

1 i emnrs«'
* nn2

r n1
s gmg5

g'8
(a)V~u!

8 G , ~17!

wheren65(1,0,0,61) are the light-cone null vectors,u is
the light-cone momentum fraction of the quark in the vec
meson,f V and f'

V are vector and tensor decay constants, a
E is the energy of the vector meson in theBs rest system. In
Eq. ~17!, F i

V(u) and F'
V(u) are leading-twist distribution

amplitudes ~DAs!, while g'
(v)V(u) and g'8

(a)V(u)
5dg'

(a)V(u)/du are twist-3 ones. Since the twist-2 D
F'

V(u) contributions to the vertex corrections and hard sp
tator interactions vanish in the chiral limit, and furthermo
the contributions of the twist-3 DAshi

(s,t)(u) are power sup-
pressed compared to that of the leading twist ones for
helicity zero case, therefore we will work towards th
leading-twist approximation for longitudinally polarize
states and to the twist-3 level for transversely polarized on
We note that the same observation has been made by C
and Yang@18# in studyingBu,d→fk* .

In the heavy quark limit, the light-cone projector for theB
meson can be expressed as@5,19#

M ab
B 52

i f BmB

4
@~11v” !g5$F1

B~j!1n”2F2
B~j!%#ba ,

~18!

with the normalization condition

E
0

1

djF1
B~j!51, E

0

1

djF2
B~j!50, ~19!

wherej is the momentum fraction of the spectator quark
the B meson.

Equipped with these preliminaries, we can now calcul
the nonfactorizable corrections to the effective parametersai

h

systematically. After direct calculations, we get
5-3
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a1
h5C11

C2

NC
1

as

4p

CF

NC
C2~ f I

h1 f II
h !,

a2
h5C21

C1

NC
1

as

4p

CF

NC
C1~ f I

h1 f II
h !,

a3
h5C31

C4

NC
1

as

4p

CF

NC
C4~ f I

h1 f II
h !,

a4
h5C41

C3

NC
1

as

4p

CF

NC
C3~ f I

h1 f II
h !

1
as

4p

CF

NC
HS C32

1

2
C9D FGh~sq!1Gh~sb!2S 4

3

2
3

D G
2C1Flu

l t
Gh~su!1

lc

l t
Gh~sc!1S 2

3

1
3

D G
1~C41C6!(

i 5u

b

Gh~si !

1
3

2
~C81C10!(

i 5u

b

Gh~si !1C8gGg
hJ ,

a5
h5C51

C6

NC
2

as

4p

CF

NC
C6~ f I

h1 f II
h !, ~20!

a6
h5C61

C5

NC
,

a7
h5C71

C8

NC
2

as

4p

CF

NC
C8~ f I

h1 f II
h !,

a8
h5C81

C7

NC
,

a9
h5C91

C10

NC
1

as

4p

CF

NC
C10~ f I

h1 f II
h !,

a10
h 5C101

C9

NC
1

as

4p

CF

NC
C9~ f I

h1 f II
h !,

whereCF5(NC
2 21)/2NC , andNC53 is the number of col-

ors, si5mi
2/mb

2 and q5d,s ~determined by theb→d or b
→s transition process!. The superscripth denotes the polar
ization of the vector meson~which is equivalent tol, but for
convenience we shall adopth in the following! whereh50
denotes the helicity 0 state andh56 for the helicity6 ones.
In the expressiona4

h , the upper value in parentheses cor
sponds to theh50 state, while the lower value to theh5
6 ones.

In Eq. ~20!, f I
h denotes the contributions from the verte

corrections. In the naive dimensional regularization~NDR!
scheme forg5, it is given by
11401
-

f I
05212 log

m

mb
2181E

0

1

duF i
V2~u!S 3

122u

12u
23ip D ,

f I
65212 log

m

mb
2161E

0

1

duFg
'

(v)V2~u!7
g

'
8(a)V2~u!

4
zG

3H S 3
122u

12u
n23ip D

12E
0

1

dxdyF12x2y

xy
2

u

xu1y
7

~12x!u

y~xu1y!G J , ~21!

wherez511 or 21, corresponding to (V2A) ^ (V2A) or
(V2A) ^ (V1A) current, respectively. It is obvious thatf I

0

has the same expression as the hard scattering kernelFM2
for

the B→pp mode@3,8# as it should be.
For hard spectator interactions, supposingV1 to be the

recoiled meson andV2 the emitted meson, explicit calcula
tions for f II

h yields

f II
0 52

4p2

NC

2 f Bs
f V1

mV1

mBs

3 @A1
BsV1~0!2A2

BsV1~0!#

3E
0

1

dj
F1

B~j!

j E
0

1

dv
F i

V1~v !

v̄
E

0

1

du
F i

V2~u!

u
,

f II
65

4p2

NC

f Bs
f
'

V1

mBs

2 @A1
BsV1~0!6VBsV1~0!#

2~161!

3E
0

1

dj
F1

B~j!

j E
0

1

dv
F

'

V1~v !

v̄

3E
0

1

duS g
'

(v)V2~v !7
g

'
8(a)V2~v !

4
z D

2
4p2

NC

2 f Bs
f V1

mV1

mBs

3 @A1
BsV1~0!6VBsV1~0!#

E
0

1

dj
F1

B~j!

j

3E
0

1

dvduS g
'

(v)V1~u!7
g

'
8(a)V1~u!

4
D

3S g
'

(v)V2~u!7
g

'
8(a)V2~u!

4
z D u1 v̄

uv̄2
, ~22!

with v̄512v. In Eq. ~22!, when we adopt the asymptotica
form for the vector meson LCDAs, there will be a logarit
mic infrared divergence with regard to thev integral in f II

6 ,
which implies that the spectator interaction is dominated
soft gluon exchanges in the final states. In analogy with
treatment in works@6,10#, we parametrize it as

Xh5E
0

1

5 log
mb

Lh
~11rHeifH!, ~23!
5-4
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with (rH ,fH) related to the contributions from hard spec
tor scattering. Since the parameters (rH ,fH) are unknown,
how to treat them is a major theoretical uncertainty in
QCD factorization approach. In the later numerical analy
we shall takeLh50.5 GeV, (rh ,fh)5(0,0) @11# as our de-
fault values.

In calculating the contributions of the QCD penguin-ty
diagrams, we should pay attention to the fact that there
two distinctly different contractions argued in@5#. With this
in mind, the nonfactorizable corrections induced by lo
four-quark operatorsOi can be described by the functio
Gh(s) which is given by

G0~s!52
2

3
1

4

3
log

m

mb
24E

0

1

duF i
V2~u!g~u,s!,

G6~s!52
2

3
1

2

3
log

m

mb

22E
0

1

duS g
'

(v)V2~u!7
g

'
8(a)V2~u!

4
D g~u,s!,

~24!

with the function

g~u,s!5E
0

1

dxxx̄ log@s2xx̄~12u!#. ~25!

In Eq. ~20!, we also take into account the contributions
the dipole operatorO8g which will give a tree-level contri-
bution described by the functionGg

h defined as

Gg
05E

0

1

du
2F i

V2~u!

12u
,

Gg
15E

0

1

duS g
'

(v)V2~u!2
g

'
8(a)V2~u!

4
D ,

Gg
25E

0

1

duS g
'

(v)V2~u!2
g

'
8(a)V2~u!

4
D 1

12u
. ~26!

Due to^Vuq̄1q2u0&50, B̄s→V1V2 decays do not receive
nonfactorizable contributions froma6

h anda8
h penguin terms

as shown in Eq.~20!.

III. NUMERICAL RESULTS AND DISCUSSIONS

To proceed, we use the next-to-leading order Wilson
efficients in the NDR scheme forg5 @13#

C151.078, C2520.176, C350.014,

C4520.034, C550.008, C6520.039,

C7 /a520.011, C8 /a50.055, C9 /a521.341,

C10/a50.264, C8g520.146, ~27!
11401
-

e
,

re

l

f

-

at m5mb54.66 GeV, with a being the electromagneti
fine-structure coupling constant. For quark masses, wh
appear in the penguin loop corrections with regard to
functionsGh(s), we take

mu5md5ms50, mc51.47 GeV, mb54.66 GeV.
~28!

As for the CKM matrix elements, we adopt the Wolfe
stein parametrization up toO(l3):

S Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

D
5S 12l2/2 l Al3~r2 ih!

2l 12l2/2 Al2

Al3~12r2 ih! 2Al2 1
D . ~29!

For the Wolfenstein parameters appearing in the above
pression, we shall use the values given by@20#

l50.2236, A50.824, r̄50.22, h̄50.35, ~30!

where r̄5r(12l2/2) and h̄5h(12l2/2). For computing
the branching ratio, the lifetime of theBs meson istBs

51.461 ps@20#.
For the LCDAs of the vector meson, we use t

asymptotic form@17#

F i
V~x!5F'

V~x!5g'
(a)V56x~12x!,

g'
(v)V~x!5

3

4
@11~2x21!2#. ~31!

As for the twoBs meson wave functions given by Eq.~18!,
we find that onlyF1

B(j) has contributions to the nonfacto
izable corrections. We adopt the moments of theF1

B(j) de-
fined by @3,5# in our numerical evaluation

E
0

1

dj
F1

B~j!

j
5

mBs

LB
, ~32!

with LB50.35 GeV. The quantityLB parametrizes our ig-
norance about theBs meson distribution amplitudes and thu
brings large theoretical uncertainty.

The decay constants and form factors are nonperturba
parameters which are taken as input parameters. In princ
they are available from the experimental data and/or e
mated with well-founded theories, such as lattice calcu
tions, QCD sum rules, etc. For the decay constants, we
their values in our calculations as@11,21,14#

f Bs
5236 MeV, f K* 5214 MeV, f r5210 MeV,

f v5195 MeV, f f5233 MeV. ~33!
5-5
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For the form factors involving theBs→K* andBs→f tran-
sition, we adopt the results given by@14# which are analyzed
using the light-cone sum rule~LCSR! method with the pa-
rametrization

f ~q2!5
f ~0!

12aF~q2/mBs

2 !1bF~q2/mBs

2 !2
~34!

for the form-factorq2 dependence. At the maximum reco
the form factors are listed as@14#

A1
Bsf~0!50.296, aF50.87, bF520.061,

A2
Bsf~0!50.255, aF51.55, bF50.513,

VBsf~0!50.433, aF51.75, bF50.736,

A1
BsK*

~0!50.190, aF51.02, bF520.037,

A2
BsK*

~0!50.164, aF51.77, bF50.729,

VBsK* ~0!50.262, aF51.89, bF50.846. ~35!

It is obvious that theq2 dependence for the form factorsA2
and V is dominated by the dipole terms, while theA1 is
dominated by the monopole term in the region whereq2 is
not too large.

To illustrate the nonuniversality of the nonfactorizable
fects on different helicity amplitudes, we list a few numeric
results of the parametersai

h for a specific modeB̄s

→K1* r2 in Table I. In order to compare with the param
etersai in the NF approach, we also present the results oai
calculated in the QCDF approach.

From Table I, we can see that nonfactorizable correcti
to the helicity amplitudes are not universal. The effect
parametersai

h for helicity h50,1,2 states receive differen
nonfactorizable contributions and hence they are helicity
pendent, quite contrary to the naive factorization~NF! ap-
proach where the parametersai are universal and polariza
tion independent.

TABLE I. The effective parametersai
h in the NF and QCDF

approaches forB̄s→K1* r2.

ai
h NF QCDF

a1
0 1.019 1.77810.113i

a4
0 20.029 20.05420.014i

a10
0 20.001 1.41120.429i

a1
1 1.019 0.92410.113i

a4
1 20.029 20.06820.013i

a10
1 20.001 20.37510.139i

a1
2 1.019 1.28110.113i

a4
2 20.029 20.06810.020i

a10
2 20.001 20.03410.573i
11401
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The branching ratios for several channels ofB̄s→VV de-
cays in the LCSR analysis for form factors are collected
Table II. In order to compare the size of different helici
amplitudes, we define two quantities:

GT

G
5

uH1u21uH2u2

uH0u21uH1u21uH2u2
, ~36!

GL

G
5

uH1u21uH2u2

uH0u21uH1u21uH2u2
. ~37!

The ratios ofGT /G and GL /G measure the relative amoun
of a transversely and longitudinally polarized vector mes
In Table II we also give the values ofGT /G for each channel
both in the QCD factorization~QCDF! approach and the
naive factorization~NF! approach.

From Table II, we can find that some channels have la
branching ratios of order 1025, which are measurable at nea
future experiments at CERN LHCb. Owing to the absence
(S2P)(S1P) penguin operator contributions t
W-emission amplitudes, tree-dominatedB̄s→V1V2 decays
tend to have larger branching ratios than the pengu
dominated ones. Moreover, we find that the transverse
total decay rateGT /G is very small for most decay modes, s
in the heavy quark limit, both light vector mesons in char
lessB̄s→VV decays tend to have zero helicity.

IV. SUMMARY

In this paper, we calculated the branching ratios for tw
body charmless hadronicB̄s→VV decays within the frame-
work of QCD factorization. Contrary to phenomenologic
generalized factorization@9# and the NF approach, the non
factorizable corrections to each helicity amplitude are not

TABLE II. Branching ratios and the transverse to total dec

rateGT /G for charmlessB̄s→VV decays in the QCD factorization
~QCDF! approach and in the NF approach.

GT /G BR

Channel QCDF NF QCDF NF

b→d transition

B̄s→K1* r2 0.056 0.066 2.1731025 1.8831025

B̄s→K0* r0 0.045 0.062 1.9531026 6.2931027

B̄s→K0* v 0.049 0.064 1.4131026 7.5031027

b→s transition

B̄s→K1* K2* 0.084 0.103 2.1031026 1.5831026

B̄s→vf 0.072 0.072 1.3031026 2.6431027

B̄s→r0f 0.038 0.070 1.6731026 7.1431027

pure penguin processes

B̄s→K0* K̄0* 0.044 0.082 3.7231026 1.9431026

B̄s→K0* f 0.113 0.092 1.9831027 1.4031027

B̄s→ff 0.084 0.117 3.6831025 1.7931025
5-6
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same. The effective parametersai
h vary for different helicity

amplitude and hence are helicity dependent. Since
leading-twist DAs contributions to the transversely polariz
amplitudes vanish in the chiral limit, in order to have ren
malization scale and scheme independent predictions
necessary to take into account the contributions of the twi
DAs of the vector meson. Contrary to thePP andPV modes,
the annihilation amplitudes in theVV case do not gain the
chiral enhancement of ordermB

2/(mqmb). So we do not in-
clude the contributions of the annihilation diagrams wh
are truly power suppressed in the heavy quark limit. It sho
be stressed that we have not taken into account the hig
twist DAs contribution for the longitudinally polarized vec
tor meson. Through direct calculation, the transverse to t
decay rateGT /G is found to be very small, and both ligh
vector mesons tend to have zero helicity. Branching ratio
B̄s→VV decays are calculated with the LCSR analysis
the form factors and the branching ratios of some chan
are found as large as 1025, which might be accessible a
future experiments at CERN LHCb.
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APPENDIX

The Bs→VV decay amplitudes are collected here.

1. b\d processes

Hh~B̄s→K1* r2!5
GF

A2
$lua1

h2l t~a4
h1a10

h !%X(BsK
1* ,r2),

Hh~B̄s→K0* r0!5
GF

A2
H lua2

h2l tS 2a4
h1

3

2
a7

h1
3

2
a9

h

1
1

2
a10

h D J X(BsK
0* ,r0), ~A1!

Hh~B̄s→K0* v!5
GF

A2
Hlua2

h2l tS2a3
h1a4

h12a5
h1

1

2
a7

h

1
1

2
a9

h2
1

2
a10

h D J X(BsK
0* ,v),
u/

da

11401
e
d
-
is
-3

d
er-
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-
t
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5,

wherelu5VubVud* andl t5VtbVtd* .

2. b\s processes

Hh~B̄s→K1* K2* !5
GF

A2
$lua1

h2l t~a4
h1a10

h !%

3X(BsK
1* ,K2* ),

Hh~B̄s→r0f!5
GF

A2
H lua2

h2l t

3F3

2
~a7

h1a9
h!G J X(Bsf,r0), ~A2!

Hh~B̄s→vf!5
GF

A2
H lua2

h2l tF2~a3
h1a5

h!

1
1

2
~a7

h1a9
h!G J X(Bsf,v),

wherelu5VubVus* andl t5VtbVts* .

3. Pure penguin processes

Hh~B̄s→K0* K̄0* !52
GF

A2
VtbVts* S a4

h2
1

2
a10

h DX(BsK
0* ,K̄0* ),

Hh~B̄s→K0* f!52
GF

A2
VtbVtd* H Fa3

h1a5
h2

1

2
~a7

h1a9
h!G

3X(BsK
0*,f)1S a4

h2
1

2
a10

h DX(Bsf,K0* )J ,

~A3!

Hh~B̄s→ff!52
GF

A2
VtbVts* Fa3

h1a4
h1a5

h

2
1

2
~a7

h1a9
h1a10

h !GX(Bsf,f).

In the above expressions, the factorozable amplitu
X(BsV1 ,V2) is defined as in Eq.~8!.
da,
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