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CharmlessB.—VV decays in QCD factorization
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The two body charmless decays®f 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 parameté}sfor helicity h=0,+,— states receive different nonfactorizable
contributions and hence are helicity dependent, contrary to the naive factorization approacmS}vheee
universal and polarization independent. The branching ratiogje!&VV decays are calculated and we find
that the branching ratios of some channels are of the order of, hich are measurable at future experi-
ments. The transverse to total decay rE{g1" is also evaluated and found to be very small for most decay
modes; so, in charmle§5—>VV decays, both light vector mesons tend to have zero helicity.
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[. INTRODUCTION and vector mesons, respectivelywith QCD factorization,
and intensive phenomenological analysis has been made.

The charmless two-bodg decays play a crucial role in Since theB—VV modes reveal dynamics of exclusi&
determining the flavor parameters, especially the Cabibbomeson decays more than tBe- PP andPV modes through
Kobayashi-Maskaw&CKM) anglese, B, andy. With pre-  the measurement of the magnitudes and the phases of various
cise measurements of these parameters, we can exppre helicity amplitudes, in the present work we plan to make a
violation which is described by the phase of the CKM matrix detailed study oBs— V'V decays within the same framework
in the standard modéSM). Recently there has been remark- of QCD factorization. We find that, contrary to the general-
able progress in the study of exclusive charmBssecays, ized factorization approach, nonfactorizable corrections to
both experimentally and theoretically. On the experimentafach heI|C|ty amplitude are not the same; the effective pa-
aspect, many two- body non|epton|c Charm|BgEcayS have rametersa vary for different he||C|ty amplltudes The trans-
been observed by CLEO amifactories at KEK and SLAC verse to total decay rate;/I" is very small for most decay
[1,2] and moreB decay channels will be measured with greatmodes, so in the heavy quark limit, both light vector mesons
precision in the near future. With the accumulation of datajn charmlessB;—VV decays tend to have zero helicity.
the SM can be tested in more detail. Theoretically, severaBranching ratios for some decay modes are found of order
novel methods have also been proposed to study the nonfat® >, which could be measured at LHCb.
torizable effects in the hadronic matrix elements, such as This paper is organized as follows. In Sec. Il, we outline
QCD factorization (QCDP [3], the perturbative QCD the necessary ingredients of the QCD factorization approach
(PQCD method[4], and so on. Intensive investigations on for descrlblng théB.— V'V decays and calculate the effective
hadronic charmless two-body, 4 decays with these meth- parametera!. Input parameters, numerical calculations, and
ods have been studied in detgs-9]. results are presented in Sec. lll. Finally we conclude with a

The extension of QCDF from, 4 decays toBs decays  symmary in Sec. IV. The amplitudes for charmless two-body

has also been carried out by several authid€s11]. In prin- = . . .
ciple, the physics of thB two-body hadronic decays is very Bs—VV decays are given in the Appendix.

similar to that for theBy meson, except that the spectatbr
quark is replaced by the quark. However, the problem is Il. Bs—VV IN QCD FACTORIZATION APPROACH
that theB meson oscillates at a high frequency, and nonlep-
tonic Bg decays have still remained elusive from observation.
Unlike the B, 4 mesons, the heaviedB; meson cannot be Using the operator product expansion and renormalization
studied at theB factories operating at th¥ (4s) resonance. group equation, the low energy effective Hamilization rel-
But it is believed that in the forthcoming hadron colliders evant to hadronic charmle&decays can be written §&3]
such as the Collider Detector at Fermil@®DF), DO, DESY
ep collider HERA-B, BTeV, and CERN Large Hadron Col-
lider (LHCb), CP violation in theBg system can be observed Hetr= \/5
with high accuracy. This makes the search @ violation
in the B, system decays very interesting. 10
In the paper$11,12], the authors have studied systemati- —M( 2 CiOi+C7,07,+ CgyOgy
cally theBs— PP,PV decaydghereP,V denote pseudoscalar =3

A. The effective Hamiltonian

Au(C,05+C,05) + A (C,0{+C,05)

+H.c.,, (1)

where\,; :Vibvi’:1 are CKM factors an@;(u«) are the effec-
*Corresponding author. Email address: yangyd@henannu.edu.ctive Wilson coefficients which have been reliably evaluated
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to the next-to-leading logarithmic order. The effective operadn terms of the decay constant and form factors defined by

tors O; can be expressed as follows:

Oi= (Ub)V—A(aU)V—Aa
O3= (Uabg)v-aldgUa)v-n,

O$=(ch)y_A(qC)y_a,

05= (EabB)V—A(aﬁCa)V—A )

O3(5= (ab)v—AE/ (5’ q’ )V—A(V+A) ,
q

04(6):(aabﬁ)v—A2 (alﬁq:y)v—A(V+A)1
qI
07(9):(ab)v—AE eq’(a,q,)W—A(v—A)'
q/
Og(10= (Aabp)v-n €q/(0' sAL)v+ AV - »
q’

e —
O7'y:_ mbqaa-MV(1+ 75)baF

v
872

a
wv?

g —
Osgzﬁmbqagw(l‘*‘ ’)’5)T2,3bﬁG 2

whereq=d,s and q’ denotes all the active quarks at the
scaleu=0O(my), i.e.,q’'=u,d,s,c,b.

B. The factorizable amplitude for Be—VV

To calculate the decay rate and branching ratiosEQr

—VV decays, we need the hadronic matrix element for the

local four fermion operators

(V1(A)V2(A2)|(9203)v—a(d1b)v- al Bs), 3)

where\, \, are the helicities of the final-state vector me-
sonsV; and V, with four-momentump,; and p,, respec-
tively. In the rest frame of thBg system, since thB; meson
has spin zero, we have,=\,=\. Let X(BsV1:V2) denote the
factorizable amplitude with the vector mes®h being fac-
tored out, under the naive factorizatigNF) approach, we
can expresX(BsV1:V2) as

XBV1VD) = (V] (0203)y—al0)(V1|(d1b)y_a|Bs).  (4)

_ifV2

[14-17

(V(p,£*)|q7,q'|0)

_ *
=—ifymyey,

©)

(V(p,e*)[qy,(1— ¥s5)b|Bs(pg))

eX(mg+my)Ar*(g?)

A>Y(g?)

Pe)

*
+(pet+pP)u(e Ma My

2m
+,(e*- pB>q—2V[A§SV<q2> ~ A ()]

2VBSV(q2)
mg+my

: (6

—i e,uva,BS* Vpgpﬁ

where q=pg—p and the form factors obey the following
exact relations:

A3(0)=A0(0),

Mg~ My Bv, 5
o, AZ@). (@)

mg+m
BV(g2)= —V

BgV
Ay

(%) -

With the above equations, the factorizable amplitudeﬁpr
—V,;V, can be written as

BgVy Vo) — i BsV1 2
XEVLVI=ify my | (7 -e3) (Mg +my AT (M)

* * 2A2BSVl(m\2/2)
_(Sl'pB)(SZ'pB)W
2VvEV(g?)
i * UK VAOAB
Fleuapes o1 PEP | ®

wherepg(mg ) is the four-momentunimass of the B me-

son, andnvl(e’l‘) and m\,z(e’z*) are the masse@olarization
vectors of the two vector meson¥; andV,, respectively.
Here and in throughout the remainder of the paper we use the
sign conventione®*?3=—1. Assuming theV,(V,) meson
flying in the plus(minug z direction carrying the momentum
p1(p2), we get

4am3 p?

Cc
- oy (Mg —mg, —mg, )(mg_+ mvl)A?S\ll(m\z,z) - mAssvl(m\z,z) =h, for\=0,
X(BsV1.,Vo) — 1 s 1 ©
: BsV1, 12 2M P BeV1( 2
—ify,my,| (mg_+my A l(mvz)imV sT(my,) |=h- forx==,
s 1
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whereA=0,* is the helicity of the vector meson amt  (v,V,|O; |Bs> in the heavy quark limit, since in the,— o
=|pa|=|p,| is the momentum of either of the two outgoing imit only hard interactions between th&4V,) system and
vector mesons in thB rest frame. V, survive. In this method, the light-cone distribution ampli-

In general, theBs— V,V, amplitude can be decomposed tudes (LCDAs) play an essential role. Since we are only
into three independent helicity amplitudét,, H., and concerned with two light vector mesons in the final states,

H_, corresponding tov=0, +, and —, respectively. We the LCDAs of the light vector meson of interest in momen-
use the notation tum configuration are given byl5,17

_ VvV _ V Vv
Hy=(V1(A\)Va(N)| He| Bs) (10) M 50= Msa) T M sar (16

for the helicity matrix element and it can be expressed bywith (here we suppose the vector meson moving inrthe
three independeritorentzscalarsa, b, andc. The relations ~direction

between them can be written 317 ,
ify my(e*-ny)

M{==~ > h-@f(u),
H,=eT &5 | agt’+ Eph
lu 2V( g my,my, PsPs ’
Iy
ic a Mll:—TEéfW‘DY(U)
mvlmvze P1aP2s |,
|f\,mV g (u)v
where the coefficient corresponds to thp-wave amplitude, T4 ()
anda andb to the mixture ofs- andd-wave amplitudes. The ey
helicity amplitudes can be reconstructed as . svep o u 90 (U
+|6/u/p(rsi n-ny ’YST7 (17)
Ho=—ax—b(x?—1), (12

_ > wheren. =(1,0,0~=1) are the light-cone null vectors, is
H.o=—-a+cyx"—1, 13 the light-cone momentum fraction of the quark in the vector
meson,fy, and f\l’ are vector and tensor decay constants, and
_ E is the energy of the vector meson in tBgrest system. In
decay rate and the branching ratio fBg—V,V, can be  Egq. (17), ®)(u) and ®Y(u) are leading-twist distribution

wherex=p;-p,/my my,. Given the helicity amplitudes, the

written as amplitudes (DAs), while g{”V(u) and g/®V(u)
—dg(a)v(u)/du are twist-3 ones. Since the twist-2 DA
[(B—V,V,)= p°2 (|Hol2+|H . |2+|H_|?), @V(u) contriputions to the vertex eorre_ct'ions and hard spec-
87Tm|3s tator interactions vanish in the chiral limit, and furthermore,

the contributions of the twist-3 DAis{>"(u) are power sup-
pressed compared to that of the leading twist ones for the
([Hol?+[H [?+[H_]?), helicity zero case, therefore we will work towards the
leading-twist approximation for longitudinally polarized
(14 states and to the twist-3 level for transversely polarized ones.
We note that the same observation has been made by Cheng
and Yang[18] in studyingB, 4— ¢k*.
In the heavy quark limit, the light-cone projector for tBe
meson can be expressed[&sl9)|

Br(By V3 V)= o —
*8mmg

whereTBS is the lifetime of theBg meson, ang,. is given by

1
2mg

S

pe=———+/[m3 —(my, +my,)2[m3 —(my,—my,)?].

15 B
as e,

BE+N_D5(E)}H e

C. QCD factorization for B—VV (18)
Under the naive factorizatiofNF) approach, the coeffi- Wwith the normalization condition
cientsa; are given bya;=C;+1/N:C,;, 4 for oddi andg; )
=C;+1/NcC;_; for eveni, which are obviously indepen- B/ &y —
dent of the helicityA. In the present paper, we will compute J d§<b (©=1 jo deP2(£)=0, 19
the nonfactorizable corrections to the effective parameters
, , Which, however, are not the same for different helicity where¢ is the momentum fraction of the spectator quark in
amplitudesH, andH . . the B meson.
The QCD-improved factorizatiofQCDF approach ad- Equipped with these preliminaries, we can now calculate
vocated by Beneket al. [3] allows us to compute the non- the nonfactorizable corrections to the effective parame!{ers
factorizable corrections to the hadronic matrix elementssystematically. After direct calculations, we get
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C, «ag 1-2u .
=Cy+ + Cz(f +1), f0 =—12Iog——18+ du<I> 2(u)| 3—-3i7w|,
4 N my —u
C: as Cg (a)VZ(u)
=Cot 1+ 7 - Calfl+ ), fr=—12lo i—16+f dul g"V2(u S 70
Nc 47 N¢ i I, (WF—7—¢
C, a Cp 1-2u _
ag=C3+N_C+4SN (f +f”) X[(Bl_u V—3|7T)
C a. C 1 1-x-y u (1—x)u
h_ 3, Ts ZF hy ¢h — T
a=Cat T am N St +Zfo STy Txury Tty @Y
as Cr 1 ) ) 3 where{=+1 or—1, correspondipg to\(—.A)®(.\/—A) or
+ I No Cs— ECQ G'(sq) +G(sp) | , (V—A)®(V+A) current, respectively. It is obvious th&}
c 3 has the same expression as the hard scattering Kegnefor
N N 2 the B— 77 mode[3,8] as it should be.
-C, —uGh(su)Jr—cG“(sc)Jr $ For hard spectator interac_tions, supposwig .to. be the
A A i recoiled meson an¥, the emitted meson, explicit calcula-
b tions forf yields
h(s.
+(CatCo) 2, G"(s) o4 2tg fy,my,
. b o Ne més[A?S“(m—ASsVl(on
+=(Cgt+C G"(s))+Cg Gl 1,
2( 8 10)i§u (si) 89g 1(5) U) ﬂ’z(u)
<Joa e [
0 u
Gt S8 Y SR g 20
- 5+ NC 4 N ( + ||) ( ) 477_2 fB fJ\{l
fii=—" - 2(1+1
.. G " NG R (A0 £ Ve
° N_C, B \Z1
1 @3¢ (1 P (v)
X | dé dv——=
B Csg as Ce 0 & Jo v
=C;+ — “Fc g(fN+11),
Nc 4 Nc @)V
)V gL Z(U)
C, J'du (v )_Té”
a8208+ N_C,
47 2ffv,my, Jl L)
C a e
ag=Cq+ N—“’+4—SN—cm(fr+fn), Ne m3 [AT="4(0) = VE1(0)] Jo 3
r(a)Vy
g (u)
Co a Cr j dvd ( )V ;)
alo= C10+N +4 Ne SECo(f+ 1), vl (W=7
2 : (Y2(0) \uty
whereCg=(Ng—1)/2N¢, andNc= 3 is the number of col- % (v)Vz(u)— _v, (22)
ors, s,=m?/m2 and q=d,s (determined by thd—d or b 4 uv?

— s transition procegs The superscriph denotes the polar- o

ization of the vector mesofwhich is equivalent ta., but for ~ with v=1—wv. In Eq.(22), when we adopt the asymptotical
convenience we shall adoptin the following whereh=0  form for the vector meson LCDAs, there will be a logarith-
denotes the helicity 0 state aher = for the helicity+ ones.  mic infrared divergence with regard to theintegral inf,; ,

In the expressiom!;, the upper value in parentheses corre-which implies that the spectator interaction is dominated by
sponds to then=0 state, while the lower value to the= soft gluon exchanges in the final states. In analogy with the

+ ones. treatment in work$6,10], we parametrize it as

In Eq. (20), f,h denotes the contributions from the vertex
corrections. In.the naive dimensional regularizatidiDR) Xh:f Iog (1+pHe'¢’H) (23)
scheme forys, it is given by
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with (py ,¢y) related to the contributions from hard specta-at u=my,=4.66 GeV, with @« being the electromagnetic
tor scattering. Since the parameteprs, (¢) are unknown, fine-structure coupling constant. For quark masses, which
how to treat them is a major theoretical uncertainty in theappear in the penguin loop corrections with regard to the
QCD factorization approach. In the later numerical analysisfunctionsG"(s), we take

we shall take\,=0.5 GeV, (py,,¢)=(0,0) [11] as our de-

fault values. m,=myg=mg=0, m.=1.47 GeV, m,=4.66 GeV.

In calculating the contributions of the QCD penguin-type (28
diagrams, we should pay attention to the fact that there are
two distinctly different contractions argued [i5]. With this As for the CKM matrix elements, we adopt the Wolfen-

in mind, the nonfactorizable corrections induced by localstein parametrization up t@(\°):
four-quark operator$); can be described by the function

G"(s) which is given by Via Vus Vup
2 4 w 1 Vcd Vcs Vcb
\%
Go(s):—§+§|ogm—b—4f0ducb|2(u)g(u,s), Vie Vis Vi
1-\%/2 A AN (p—in)
= 2 2 0a = -\ 1-\2%12 AN?
G (S):—§+§|Ogm— = . (29)
b AN (1—p—ip) —AN? 1
1(a)Vo
1 )V g, Au) _ o
—ZJ dul g} 2(u)IT g(u,s), For the Wolfenstein parameters appearing in the above ex-
0 pression, we shall use the values given[Bg]
(24) _ _
_ . A=0.2236, A=0.824, p=0.22, 5=0.35, (30
with the function
. B where p=p(1—\2/2) and »= 5(1—\?/2). For computing
g(u,s):f dxxxlog[s—xx(1—u)]. (25 the branching ratio, the lifetime of thBs meson istg
0 S

=1.461 pg[20].
In Eq. (20), we also take into account the contributions of ~For the LCDAs of the vector meson, we use the
the dipole operato©g, which will give a tree-level contri- asymptotic form{17]

bution described by the functioB! defined as
‘ @ (x)=dY (x)=g{*'=6x(1-x),

. [ 2<bﬁ’2(u)
5= [, ;
¢ Jo 1-u g0 = Z[1+(2x-1)?]. (3D)
1 /(a)Vz(u)
G+:J du( g(v)Vz(u)_ 1 ) As for the twoBg meson wave functions given by E@.8),
¢ Jo + 4 we find that only®2(£) has contributions to the nonfactor-
@V izable corrections. We adopt the moments ofqﬂnﬁg) de-
. Jld (0)Vs g, AW 1 o6 fined by[3,5] in our numerical evaluation
o= | dul oW (29
[atfo :
Due to(V|g;0,/0)=0, Bs—V;V, decays do not receive 0 ¢ & Ag’ (32)
nonfactorizable contributions fromy anda§ penguin terms
as shown in Eq(20). with Ag=0.35 GeV. The quantityA 5 parametrizes our ig-
norance about thBg meson distribution amplitudes and thus

IIl. NUMERICAL RESULTS AND DISCUSSIONS brings large theoretical uncertainty.

The decay constants and form factors are nonperturbative
parameters which are taken as input parameters. In principle,
they are available from the experimental data and/or esti-
mated with well-founded theories, such as lattice calcula-
tions, QCD sum rules, etc. For the decay constants, we take

To proceed, we use the next-to-leading order Wilson co
efficients in the NDR scheme foys [13]

C,=1.078, C,=-0.176, C;=0.014,

C,=—0.034, Cs=0.008, Cy=—0.039, their values in our calculations §%1,21,14
C,/la=—0.011, Cg/a=0.055 Cgyla=—1.341, fp =236 MeV, fxx=214 MeV, f,=210 MeV,
Cio/ @=0.264, Cgy=—0.146, (27 f,=195 MeV, f¢,=233 MeV. (33
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TABLE |. The effective parametera in the NF and QCDF
approaches foB,—K**p~.

al NF QCDF

a? 1.019 1.778-0.113
ag —0.029 —0.054-0.014
ad, —-0.001 1.41%0.429
a; 1.019 0.924-0.113
a; -0.029 —0.068-0.013
ajo —0.001 —0.375+0.139
a; 1.019 1.28%0.113
a, —0.029 —0.068+0.020
a -0.001 —0.034+0.573

For the form factors involving thB,—K* andB¢— ¢ tran-
sition, we adopt the results given by4] which are analyzed
using the light-cone sum ruld.CSR) method with the pa-
rametrization

f(0)
1-ap(q’/m3 ) +be(g?/mg )

f(0?)= (34

for the form-factorg? dependence. At the maximum recoil,
the form factors are listed 444]

A>?(0)=0.296, ar=0.87, bg=—0.061,
A>:?(0)=0.255, ar=155, bp=0.513,
VBs#(0)=0.433, ar=1.75, bp=0.736,
AP (0)=0.190, az=1.02, be=-0.037,
A (0)=0.164, ar=1.77, bg=0.729,
VBK*(0)=0.262, ar=1.89, bp=0.846. (35)

It is obvious that they?> dependence for the form factofs
and V is dominated by the dipole terms, while tiAg is
dominated by the monopole term in the region whetfds
not too large.

PHYSICAL REVIEW D 68, 114015(2003

TABLE Il. Branching ratios and the transverse to total decay

rate['1 /T for charmlessESHVV decays in the QCD factorization
(QCDH approach and in the NF approach.

/T BR
Channel QCDF NF QCDF NF
b—d transition
B.—K**p~ 0.056 0.066 2.1%10° 1.88x10°°
B, K% p° 0.045 0.062 1.9810°° 6.29x10°'
B.—K%™w 0.049 0.064 1.4%10% 7.50x10 7
b— s transition
B K T*K* 0.084 0.103 2.1810 % 1.58x10 ©
B wd 0.072 0.072 1.3810°° 2.64x10"’
Bo—p’d 0.038 0.070 1.6%10°° 7.14x10°’
pure penguin processes
B KO KO* 0.044 0.082 3.7210°° 1.94x10°°©
B~ K% ¢ 0.113 0.092 1.9810 7 1.40x10 7
B.— ¢ 0.084 0.117 3.6810°° 1.79x10°°

The branching ratios for several channelBgf-VV de-
cays in the LCSR analysis for form factors are collected in
Table II. In order to compare the size of different helicity
amplitudes, we define two quantities:

r Ho|2+[H_|?

L e a8
T HoP+ Ho P+ H_?

Lo [HP+H-P -
I Hol 24 Ho [P+ H_|2

The ratios ofl'+/T" and ' /T" measure the relative amount
of a transversely and longitudinally polarized vector meson.
In Table 1l we also give the values of; /I" for each channel
both in the QCD factorizatiofQCDF approach and the
naive factorizatio(NF) approach.

From Table II, we can find that some channels have large
branching ratios of order I8, which are measurable at near
future experiments at CERN LHCb. Owing to the absence of
(S—P)(S+P) penguin operator contributions to

W-emission amplitudes, tree—dominaté_Q—Nle decays

To illustrate the nonuniversality of the nonfactorizable ef-tend to have larger branching ratios than the penguin-
fects on different helicity amplitudes, we list a few numerical djominated ones. Moreover, we find that the transverse to

results of the parametersslih for a specific mode§S

—K**p~ in Table I. In order to compare with the param-

etersa; in the NF approach, we also present the results; of
calculated in the QCDF approach.

From Table |, we can see that nonfactorizable corrections

total decay ratd'/I" is very small for most decay modes, so
in the heavy quark limit, both light vector mesons in charm-

|eSS§S~>VV decays tend to have zero helicity.

IV. SUMMARY

to the helicity amplitudes are not universal. The effective

parametera!1 for helicity h=0,+,— states receive different

In this paper, we calculated the branching ratios for two-

nonfactorizable contributions and hence they are helicity debody charmless hadron§s—>vv decays within the frame-

pendent, quite contrary to the naive factorizatidiF) ap-
proach where the parameteaas are universal and polariza-
tion independent.

work of QCD factorization. Contrary to phenomenological
generalized factorizatiof®] and the NF approach, the non-
factorizable corrections to each helicity amplitude are not the

114015-6
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same. The effective parametet% vary for different helicity =~ wherex ,=V V54 and A=V, V.
amplitude and hence are helicity dependent. Since the
leading-twist DAs contributions to the transversely polarized
amplitudes vanish in the chiral limit, in order to have renor-
malization scale and scheme independent predictions it is G
necessary to take into account the contributions of the twist-3 HN(B— K *K™*)= —F{)\ua'l‘— A(af+aly)
DAs of the vector meson. Contrary to tR& andPV modes, V2

the annihilation amplitudes in th€V case do not gain the
chiral enhancement of ordené/(mqmb). So we do not in-
clude the contributions of the annihilation diagrams which
are truly power suppressed in the heavy quark limit. It should _ .

be stressed that we have not taken into account the higher- HMNB—p¢) = —[)\uag—xt
twist DAs contribution for the longitudinally polarized vec-
tor meson. Through direct calculation, the transverse to total
decay ratel'/T" is found to be very small, and both light
vector mesons tend to have zero helicity. Branching ratios of

§S—>VV decays are calculated with the LCSR analysis for

2. b—s processes

% X(BSK+* ’K,*)’

@

N

3
§(a9+ag)

X

]X(BS""”"), (A2)

the form factors and the branching ratios of some channels = Ge h h. _h
are found as large as 1B, which might be accessible at H (Bs_"‘"ﬁ)zﬁ M@z~ N 2(a3tag)
future experiments at CERN LHCb.
h h Bgo,w
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h'm 0% ¢ 0% Ge ol .n Lop (BgKO* KO*)
APPENDIX HMN(Bs— K%K ):_Evtbvts ag— 5 ago| XL,
The B_S—)VV decay amplitudes are collected here.
_ G 1
1. b—d processes Hh(BS—>K°* b)=— éthV?d ag—l—ag— E(ag+ag)
— Ge .
HY(Bs—K™*p7)= —={\,al—N(aj+afp XEK 70 ),
(Bs—K™p") \/5{ a1~ Ni(az+ag)} X X(BK ) [ g %ago X(BSq}’KO*)]’
— Ge 3 3
Hh(BSHKO*pO)ZE()\Uag—)\t —a2+ §a9+§ag (AS)
1, BKO* 0 HN(B. - GFVV* hyghygh
+ 521 X(BKTp7) (A1) ( s—>¢¢)__ﬁ thVis| A3 T34+ a5
— G 1 1 ho.h, .h
H'(Bs— K% w)= Tg[)\uag—)\t 2af)+alfl+2af+ Ea'; —5(a7t+agtay X(Bs0),
" 1 h_ 1, X(BKO* ) In the above expressions, the factorozable amplitude
2897 2%0 : X(BsV1.V2) s defined as in Eq(8).
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