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Phenomenological analysis of charmless decaps—PV with QCD factorization
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We study hadronic charmless two-boBydecays to final states involving pseudoscalar and vector mesons
with the QCD factorization approach, including the contributions from the chirally enhanced power corrections
and weak annihilations. Th@ P-averaged branching ratios a@dP-violating asymmetries are given. Most of
our results are in agreement with the present measurements, but the branching ratios of some decay channels
are only marginally consistent with the experimental observations. Considering the large uncertainties, great
advances in both experiment and theory in the near future are strongly expected.
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I. INTRODUCTION well for B andD decays; at least it can give the proper orders
of magnitude of the branching ratios f& and D decays.

In the standard modéEM), CP violation is described by However, the NF approach is a very rough approximation,
the phase of the Cabibbo-Kobayashi-Maska®@&M) ma-  and has obvious shortcomindg) In the NF framework, the
trix. Phenomenologically, it is clear and convenient to ex-renormalization scheme and scale dependence in the had-
plore CP violation with the well-known unitarity triangle ronic matrix elements is completely missing. Its predictions
VuadVis+ VeaVi+ VigVi,=0. In a sense, the study Bfme-  would be physical only when the hadronic matrix elements
son decays is mainly to make enough independent measureould make compensation for the renormalization scheme
ments of the sides and angles of this unitarity triangle. It isand scale dependence of the Wilson coefficief®sThere is
thus crucial to have a clear understanding of exclusive hadio direct CP violation in hadronicB decays with the NF
ronic charmles® decays which would give some useful in- approach because the Wilson coefficients, decay constants,
formation about and/or constraints on the unitarity triangleand form factors are all real. This indicates that “nonfactor-
Recently, several experimental groups have reported theizable” contributions, which account for final-state rescatter-
latest result§1-16], and moreB decay channels will be ing and the strong interaction phase shift, are importet.
measured with great precision soon. With the accumulatioi\s stated in[20], it is questionable whether “nonfactoriz-
of the experimental data, theorists are urged to gain deepble” effects can be simply absorbed into decay constants
insight into the rare hadroniB decays, and reduce the the- and form factors. They will have great effects on the class I
oretical uncertainties in determining the CKM parameters(a, dominanj decay modes, e.g8%— p°7%,p%n,07, . .. .
from experimental measurements. So it is imperative to go beyond this level of understanding.

Theoretically, intense investigations of hadronic charm- Recently, Beneke, Buchalla, Neubert, and Sachrajda sug-
less two-bodyB decays have been carried out in great detailgested a QCD factorizatiofQCDF method for hadroni®
with the effective Hamiltonian. Combining operator productdecays in the heavy quark limit, combining the hard-
expansion with the renormalization group method, the effecscattering approach with power counting im}/[21]. The
tive Hamiltonian forB decays is generally expressed by thehadronic matrix elementéM;M,|O;|B) (here M, denotes
products of the Wilson coefficients and dimension-6 effecthe recoiled meson which picks up the light spectator quark
tive operators. The Wilson coefficients can be calculated rein the B meson M, is the emitted meson, ard; are effec-
liably by perturbation theory; they have been evaluated to théive operators can be computed from first principles and
next-to-leading ordef17]. Thus, the main task for us is to expressed in terms of form factors and meson light-cone dis-
evaluate the hadronic matrix elements of the effective operatribution amplitudes(LCDAs) only if M, is light or an
tors. Based on the naive factorizatiGdF) hypothesiq 18], onium. In addition, whenM, is light, there exist hard-
which is supported by the argument of color transparencycattering interactions betwed, and the spectator which
[19], the hadronic matrix elements are usually parametrizedio not exist in the NF approach. The QCDF approach shows
into the product of the decay constants and the transitiothat the “nonfactorizable” contributions are dominated by
form factors phenomenologically. The NF approach workshard gluon exchange and therefore computable systemati-

cally. Detailed proofs and arguments can be foun®dj; its
applications to hadronic two-body decays can be found in
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TABLE |. Wilson coefficients in NDR scheme. The input parameters in numerical calculations are fixed
as ag(my)=0.1185, a@g,(My)=1/128, my,=280.42 GeV, m;=91.188 GeV, m=168.2 GeV, m,

=4.6 GeV.
pw=mp/2 =My n=2my,
NLO LO NLO LO NLO LO

C: 1.136 1.178 1.080 1.115 1.044 1.073
C, —-0.283 —-0.353 —-0.181 —0.245 —-0.105 —0.165
Cs 0.021 0.020 0.014 0.012 0.009 0.008
Cy —0.050 —0.048 —0.035 —0.033 -0.024 —0.023
Csy 0.010 0.010 0.009 0.008 0.007 0.006
Ce —0.063 —0.061 —0.041 —0.038 —0.026 —0.024
C,laem —0.020 -0.103 —0.004 —0.096 0.019 —0.081
Celaom 0.082 0.024 0.052 0.015 0.033 0.010
Colaem. -1.339 —0.089 -1.263 —0.086 -1.201 -0.074
Ciol aem, 0.369 —0.022 0.253 —0.016 0.168 —-0.012
Csy —-0.341 —-0.304 —-0.272
Caqg —0.160 —0.145 —-0.132

investigate the exclusive decafs—PV (whereV denotes The numerical values and some remarks about the
the vector mesonwith the QCDF method. Th8— PV de- C.P-averaged branching ratios am:iP—.vioIating asymme-
cays have been carefully studied within generalized factorifies forB—PV decays are arranged in Sec. IV and Sec. V,
ization[20,29,30, and some decay channels have also beekespectively. We come to our final conclusions in Sec. VI.
studied with the perturbative QCD approd@i] where the

form factors are believed to be perturbatively calculable with 1. THEORETICAL FRAMEWORK FOR B DECAYS

the assistance of the Sudakov factors. However, it is still an
open question whether the Sudakov factor is applicabE in
meson decay$32]. In the QCDF framework, it is argued The effective Hamiltonian for hadronic charmleBsde-
[21] that the form factors are not fully calculable accordingcays is written a$17]
to naive power counting. Yang and Yang studied the decay

modesB— h;h, (h;=m,K andh,=K* p,®) in [25] using " _Ge D

the QCDF approach. The differences between their work and "¢ N Yq
ours are that we consider the chirally enhanced contributions

A. The effective Hamiltonian

C1(m)QI(1) +Co( ) Q3 (1)

from another type of twist-3 LCDAp,, of the pseudoscalar 10

mesons, which is crucial for gauge independence, and we +k23 Ci(1) Q) | —vd C7,Q7,+ CggQgq]
also take the weak annihilation topologies into account.

Cheng and Yang pointed out that the annihilation contribu- +H.c., (2.9

tions could be sizable for the decaps— ¢K [24]. Some-
times, the annihilation contributions may even be dominantwherev =V Vg4 (for b—d transitiong or vq=V,Vgs (for
e.g.,B>—K*K* ™. In this paper, we will undertake a com- b—s transitiong are CKM factors.C;(x) are Wilson coef-
prehensive study of the hadronic charmless de@ysPV  ficients; they are universal and process independent, and
within the QCDF framework, including the effects of weak have been evaluated to the next-to-leading logarithmic order
annihilation and the chirally enhanced contributions. (NLO) with the perturbation theory and renormalization
This paper is organized as follows. Section Il is devotedgroup method. We list their numerical values in the naive
to the theoretical framework. There we calculate the “non-dimensional regularizatiofNDR) scheme at three different
factorizable” corrections to hadronic matrix elements of thescales in Table I. The dimension-6 local operators, including
effective operators with the QCDF approach, including thetree operator®{,Q3, QCD penguin operatoi®;—Qg, elec-
chirally enhanced power corrections and weak annihilationsroweak penguin operato®,;—Q9, and magnetic penguin
The input parameters in our calculations are given in Sec. llloperatorsQ-, ,Qgq, can be expressed explicitly as

QT:(Uaba)va(aﬁuﬁ)va: Qi:(gaba)va(aﬁC,e)va, (2.29

Q5= (Uubg)y-a(ApUa)y-a, Q5=(Cabp)v-a(UsCalv_n, (2.2
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Q3=(0ubu)v-a> (H’BQ;;)va- Q4:(aﬁba)vaE (a;qg)va, (2.29
q’ q’
Qs=(quba)v-a> (ApApv+A, Q6=(Ugba)v-a> (ALAp)v+a. (2.20
q! q!
3 — o 3 — A
Qr= 5 (Aaba)v-a2 €q (Apdplvin,  Qe=5(Agbalv-n €q(dudp)vsa, (2.28
q q
3 — P 3 — PR
QQZE(qaba)V*AZ €y (dgdp)v-a, Qlozz(qﬁba)vaZ eq/(dadp)v-as (2.2)
q q
e o v 9 o v a a
Q7y: ﬁmbqaau (1+ yS)baFuvl QBQZmeQaUﬂ (1+ YS)ta‘BbﬁGMVa (22@
|
where g’ denotes all the active quarks at the scale Because thé quark mass is not asymptotically large, the
=0(m,), i.e.,q'=u,d,s,c,b. power suppression might fail in some cases. For instance, the
contributions of operato®g to the decay amplitudes would
B. B—PV in the QCDF framework formally vanish in the strict heavy quark limit. However, it is

numerically very important in penguin-dominatBdare de-
cays, such as the interesting chanrls 7K, etc. This is
becauseg is always multiplied by a formally power sup-
) pressed but chirally enhanced factqr= 2m3/mp(m; +m,)
PVIO.IBY=FB~P(0 f dx T ()@ ~O(1), wherem; andm, are current quark masses. There-
(PVIGi[B)=F/"(0) o 0Pv) fore phenomenological application of QCD factorizatiorBin
L rare decays requires at least a consistent inclusion of chirally
+AE_,V(O)IO dy T (y)Pp(y) enhanced corrections. The readers may refer to [Re2s27]

When the QCDF method is applied to the decds
— PV, the hadronic matrix elements of the local effective
operators can be written as

for more details.
. . . With the above discussions on the effective Hamiltonian
+ | d dy T'(£.x, of B decays Eq(2.1) and the QCDF expressions of hadronic
fo §fo Xfo yTi(&xy) matrix elements Eq.2.3), the decay amplitudes foB
— PV in the heavy quark limit can be written as

XDg(&)Py(X)Pp(y). (2.3
10
HereF®~P andAB~Y denote the form factors f@— P and A(B—>PV)=% S S .aPV|O|B);. (2.4
B—V transitions, respectivelybg(¢), ®y(x), and p(y) 2 pSic=1 P

are the LCDAs of valence quark Fock states Byrvector, _ _ _
and pseudoscalar mesons, respectiveljl denote the hard- The above(PV|O;|B); are the factorized hadronic matrix
scattering kernels, which are dominated by hard gluon exelements, which have the.same definitions as those |n.the NF
change when the power suppres€&d\ ocp/m;) terms are approach. The “nonfactorizable” effects are included in the
neglected. So they are calculable order by order in perturba-

tion theory. The leading terms @ come from the tree level
and correspond to the NF approximation. The ordergf —
terms of T' can be depicted by vertex-correction diagrams
Figs. {a)—1(d) and penguin-correction diagrams Figse)l
and If). T" describes the hard interactions between the
spectator quark and the emitted mesdn when the gluon 6 L / / \\/ N /
virtuality is large. Its lowest order terms a€¥«g) and can  —&_J== " —

be depicted by hard spectator scattering diagrams Figs. 1 () (&) ()

1(h). One of the most interesting results of the QCDF ap- (€) &

proach is that, in the heavy quark limit, the strong phases giG. 1. Order ofa; corrections to the hard-scattering kernels.
arise naturally from the hard-scattering kernels at the ordefne upward quark lines represent the emitted mesons fropark

of ag. As for the nonperturbative part, it is either power weak decays. These diagrams are commonly called vertex correc-
suppressed in fi, or separated into the form factors and tions, penguin corrections, and hard spectator scattering diagrams
LCDAs of mesons. for (a—(d), (e), (f) and(g), (h), respectively.
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FIG. 2. Order ofag correc-
tions to the weak annihilations of
charmless decayB—PV.

coefficientsa; which are process dependent. The coefficient8— PV are listed in the Appendix. To distinguish the decay
a; are collected in Sec. Il C, and the explicit expressions foamplitudes Eq.(2.4) from Eq. (2.5, we will add a super-
the decay amplitudes &— PV can be found in Appendix B script f to the symbol in Eq.(2.4), and write it as.A(B
of [29]. The only differences from ours are the expressions—PV)— A’ (B—PV).
for the coefficientss; .

According to the arguments if21], the contributions of C. The QCD coefficientsa;

weak annihilation to the decay amplitudes are power sup- We now present the QCD coefficierds in Eq. (2.4). In

pressed, and they do not appear in the QCDF formula EGOur calculations, we neglect the mass of light quarks when

(2.3). But, as emphasized ir84,35, the contributions from . .
weak annihilation could give large strong phases with QCDWe apply the equation of motion to the external quarks. We

corrections, and hence largeP violation could be expected consider the chirally enhanced contributions from twist-3
. ' i PeCted, | cDAs of the pseudoscalar mesons. As for the vector me-
so their effects cannot simply be neglected. However, in th

QCDF method, the annihilation topologiésee Fig. 2 vio- %ons, only the leading twist LCDAs for the longitudinally

late factorization because of the end point divergence. Ther%olanzed component$y, contribute to the hadronic matrix

is similar end point divergence when considering the chirallyelemems’ while the effects of twist-2 LCDAS for the trans-

. l . .
enhanced hard spectator scattering. One possible way is Y@rsely polarized componen@s;, and higher twist LCDAs
treat the end point divergence from different sources as difo the vector mesons are power suppressed and can therefore

ferent phenomenological parametf2g]. The corresponding P€ Neégdlected under the QCDF fra_mework. We express the
price is the introduction of model dependence and extra nucoefficientsa; in two parts, i.e.a=a;, +a;; . The first
merical uncertainties in the decay amplitudes. In this work €M &, contains the “nonfactorizable” effects which are

we will follow the treatment of Ref[22] and express the described by Figs.(&-1(f), while the second pa; ; cor-
weak annihilation topological decay amplitudes as responds to the hard spectator scattering diagrams Rigs. 1

1(h).
a There are two different cases according to the final states.
A%(B—PV)=fgfpfy > vpbi, (25 case I is that the recoiled mesbhy is a vector meson\(),

and the emitted mesoM, corresponds to a pseudoscalar
where the parametets are collected in Sec. Il D, and the meson P), and vice versa for case Il. For case |, we sum up
expressions for the weak annihilation decay amplitudes ofhe results form; as follows:

C2> CFCYS ] 7TC;:C¥S
a1’|:C1+ NC>1+ 477 VM_! al’”:N—gCZH(BMl,MZ)' (263
Cl Cpas ] 7TC|:C¥S
a2’|:C2+ Nc 1+ 477 VM-’ a2,||:N—(2:C1H(BMllM2)Y (26b)
C4 CFCYS ] 7TC|:C¥S
ag =Cs+ N, I+ VM_, a3,,|=N—§C4H(BM1,M2), (2.60
p C3 C,:as ] C,:a'S PRA,Z WCFCYS
a4,|:C4+N_C I+ 2|t 7 N, a4,||:N—§C3H(BM1,M2)a (2.6d
6 Cras , mCras ,
as)=Cst 7| 1- 7 Vm|s as=— ———>—CgH'(BM1,My), (2.69
c _ N2
Cs Cras| Cras PIE/I 3
p — i — 4 =
B=Cot | 165" 2 N 2on=0, (2.60
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az;=C;+ E_jl C4FaSVM , arn=-— WCF;SCSH'(BMLMZ), (2.69
al = Cy+ E—jl—ecjjs +£ PE?V, ag =0, (2.6h
ag;=Cq+ ?\l—l(:():l-f- C::SVM , agyl,z%cmH(BMl,Mz), (2.6i)
aEO,I:ClO+E_i:1+ C::SVM:"‘%%V, alo’“:%';“ngH(BMl,Mz), (2.6))

c

where C=(N2—1)/2N,, andN,=3. The vertex parameteMé, andV,, result from Figs. (a)—1(d); the QCD penguin
parametersP{’,,,i and the electroweak penguin parameﬂéf;PﬁW result from Figs. le), 1(f). The expressions for the penguin
parameters are a little different from those[22]. Here we consider the corrections of the electroweak penguiR§; tq and
the contributions of the QCD penguins B;S". They can be written as

; 4 m, 2 1 \[8 m, 4 3 3
PM,2:C1 §|n7+§—GM(Sp) + C3—§C9 §In7+§—GM(O)—GM(1) + _2, C4+C6+ EeqC8+ Eeqclo
MM 2C fld P 2.7
Xg”;‘ m(Sq) | — 8 | X (2.79
o 4 my, 2 . 1 8 m, 4 3 3
PRa=Cal g+ 5~ Gul(sy)| +] Com 5Cal| 3102+ 5= Guy(0) = Gu(1) | + :2 CatCot 5€4Cs+ 5€4C10
4 my .
X §|n7_GM(Sq) _2C891 (27b)

4 m, 2 m, 2 1
PH%'=(C1+NCyp) 3In—+§—GM(sp) —(C3+N.Cy) In—+3 > Gu(0)— —GM(l) + > (N.C3+Cy
M q=q’
3 [4 m, L Dy(x)
+NCC5+C5)§eq §In7—GM(sq) —NCC77 0dX 1—x (2.79
4 m, 2 . 4 mb 1. 1
pew n—+ — — — —
(C1+NCy) 3| m +3 Gum(sp) | = (C3+NCy) 3 3 ZGM(O) Gu(1) +q2q (NcC3+Cy
3 4 my, .
+Nccs+C6)§eq glnz—GM(sq) —NCo,. (2.79
|
The definitions of quantitie¥,, Vy,, Gu(Sg), andGM(sq)
can be found irf22], ands,=mz/mj.. In the expressions for H(BV, P)_ BHVJ dgf dxf dy
Ph.i andPRS", g will run over all the active quarks at the
scale u=0O(my), |.e.,, o} =u,d,s,q, and b. Thg parqmeters Dg(£) Dp(x) Dy(y)
H(BM;,M;) and H'(BM{,M5;) in a;, which originate X — —, (2.89
from hard gluon exchanges between the spectator quark and ¢ X y

the emitted mesoM,, are written as

094025-5



DU, GONG, SUN, YANG, AND ZHU PHYSICAL REVIEW D65 094025

TABLE II. Numerical values of coefficients; | with the default values of various parameters for case |
(the recoiled mesonkl; are vector mesons, and the emitted meddnsare pseudoscalar mesgns

m=myl2 L=my n=2my

as, 1.077+0.033 1.055+0.018 1.038+0.010
ay, —0.023-0.110 0.018-0.082 0.057-0.065
az) (104 91.649+44.722 70.951+24.259 49.938+ 14.036
ay, (1074 —331.4-188.31 —299.26- 152.67 —270.97-129.36
a§,(10™%) —406.48-60.422 —355.33-57.162 —315.76-53.065
as) (1074 —99.038-56.834 —65.932-27.934 —39.693- 14.646
ag,(10°%) —558.53-169.85 —416.46-143.94 —327.55-124.53
ag, (10 —600.85-40.033 —448.06-46.988 —352.8-47.08
ag,r,(107%) —484.0-147.19 —483.15-166.99 —474.92-180.56

ag’,rx(lo_“) —520.68-34.691 —519.81-54.512 —511.53-68.263

a;,(107%) 0.539+0.175 1.101+0.086 2.419+0.048
ag (1074 7.383-0.330 4.759-0.803 2.934-1.165
ag (104 7.344-0.209 4.632-0.415 2.741-0.574
ag,r, (104 6.398-0.286 5.521-0.932 4.254-1.689
ag,r (104 6.364-0.181 5.374-0.481 3.974-0.832
ag,(10°%) —94.827+0.160 —91.903+0.092 —89.29+0.057
ao, (1074 —2.426+0.318 —9.989-0.309 —15.972-0.812
a5, (107%) —2.497+0.438 —10.214+0.073 —16.314-0.230

H'(BV,P)= o~ Bﬁvf dgf dxf dy H'(BP,V)= FBAPJ f jd Deld) q)"(x)
Dg(&) Pp(x) Py(y) <1>p(y) 2pp X q>p(y)

£ " —. (2.8b v mx y (2.9p

Now we would like to make some comments an
(1) It was shown i 27] that at leading order approxima-
tion a; are renormalization scale independent, i.e.,

For case Il, except for the parameters l{BM;,M,)
and H'(BM{,M,), the expressions fom; are similar to
those in case I. In particular, we would like to point out that
becausgV|(qq)s-p|0)=0, the contributions of the effec- d
tive operatorsOg g to the hadronic matrix elements vanish,

i.e., the terms that are related dg g disappear from the de- dinu In
cay amplitudes for case Il. As to the parametersyng
H(BM;,M;) andH'(BM,M,) in a; ,, they are defined as

fefp
Wf dc ] ox oy

B" 1

—l_0 (i+6,9

daurx
dinw

=0 (i=6,9 (2.10

B(§)<D v(X)

H(BP,V)= where r, is the chirally enhanced factor, e.gr,(u)

—2mK+/mb(,u)[mu(,u) +mg(u)] for the decayB®—K " p~

It is formally O(Aqcp/my) power suppressed, but numeri-
cally large. The deviation of the data in Table Il from Eq.
(2.10 can be reduced further when the higher order radiative

‘DP(Y) ZMPX‘D (Y)
y m x y

(2.93
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corrections to the hadronic matrix elements are included. Sdominanj decays are small and furthermore perturbatively
in the following calculations, we will fixu=m,. In addi-  calculable in the heavy quark limit. Moreover, from the data
tion, it has been proved that are free of gauge dependence. in Table II, we find that the “nonfactorizable” effects con-
These two points guarantee that the decay amplitudes atebute a large imaginary part ta,,, i.e., the class Il 4,
physical. dominani decays, especially the P asymmetries, might be

(2) From Eqg.(2.6) we can see that, in the heavy quark sensitive to the “nonfactorizable” corrections.
limit, when the corrections at the order of; and « are
neglected, we return to the NF approximation.

(3) “Nonfactorizable” effects appear at the order af,
or/and Agcp/my, . This reflects the fact that the final state  The parameters ob; in Eq. (2.5 correspond to weak
interactions are either dominated by hard processes or powannihilation contributions. Now we give their expressions,
suppressed. Therefore the strong phases for the class | (which are analogous to those [iR2]:

D. The annihilation parameters b;

CF i CF .
b1 (My,Mp)= FClAI:L(MLMZ)- bZ(MlaMZ):WCZAll(MlaMZ)u (2.113

c C

Cr . .
b3<M1,M2>=F{ch;(M1,M2>+C5A'3(M1,M2>+[cs+NCCGJA;<M1,M2>}.
C

(2.118
Ce i i
b4(M1:M2): F{C4A1(M1,M2)+C5A2(M1,M2)}, (2-11O
C
ew Ce i i f
b3"(M,,My)= F{CgAl(M1,M2)+C7A3(M1,M2)+[C7+ NcCglA3(M 1, M)},
’ (2.119
ew, Ce i i
b, (MlvMZ):F{CloAl(M11M2)+C8A2(M11M2)}- (2.119

c

Here the current-current  annihilation  parameters , 1 1

b; A{M;,M,) arise from the hadronic matrix elements of the AL(V,P)= Wasj dxf dy®y(X)Pp(y)
effective operator©; ,, the QCD penguin annihilation pa- 0 0
rameterdo; (M ,,M,) from O3_g, and the electroweak pen-

guin annihilation parametets;%(M;,M,) from O;_;o. The X
parameters ob; are closely related to the final states; they

can also be divided into two different cases according to the

final states. Case | is thdd, is a vector meson, and , is a i 1 1

pseudoscalar mesdhereM, andM, are tagged in Fig. 2 Ax(V,P)=— W“Sfo dxfo dy®y(x)Pp(y)
Case Il is thatV; corresponds to a pseudoscalar meson, and

1

y(1—xy) x%

, (2.129

M, corresponds to a vector meson. For case I, the definitions 1 1
of A'k'f(Ml,Mz) in Eqg. (2.11) are X Y(T)(V)—'—;_yz , (2.129
AL(V,P)=0, Ay(V,P)=0, (2.123 | .
AY(V,P)=mas fo dx fo dy®y(x)PB(y)
1 1
f — p _
As(V,P) wasfo dxf0 dydy(x)Pp(y) X%_ 2y - o126
= M xy(1-xy)
2up 2(1+X)
X— = , (2.12b
m  x% For case I,
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Al(P,v)=0, AlLP,v)=0, (2.133

. 1 1
A3(P,V)=— Trasf dxf dy®R(x)D\(y)
0 0

2pp 2(1+y)
X —

m Xyz

(2.13b

. 1 1
Ay(P,V)= Wasfo dXJ; dy®@p(x)Py(y)

1

X —_+_T
y(1—=xy) x%y

. (2139

PHYSICAL REVIEW D65 094025

2
A;(V,P)zl&ms< Xp— 4t %) , (2.143
ALV, P)=mad [27°—6(X5+2Xa)], (2.14h
ALV, P)=6mag (2X53—Xa), (2.149

whereXA=f(1)dx/x parametrizes the divergent end point in-
tegrals. We can get similar forms to Eg.14) for case Il, but

with AL(P,V)=—AL(V,P). In our calculation, we will treat

X, as a phenomenological parameter, and take the same
value for all annihilation terms, although this approximation
is crude and there is no known physical argument for justi-
fying this assumption. We shall see below tKatgives large
uncertainties in the theoretical prediction.

) 1 1
A'z(P,V)=—7msJ dxj dyd () Dy(y) lil. INPUT PARAMETERS
0 0

The QCDF expressions for the hadronic matrix elements
are written as the product of hard-scattering kernels and
LCDAs of mesons. The hard-scattering kernels are perturba-
tively calculable, while the soft and nonperturbative effects
are incorporated into two kinds of universal parameter: the
form factors and the LCDAs of mesons. The decay ampli-
tudes are also related to the CKM matrix elements, the
masses of quarks and mesons, various decay constants of
mesons, and so on. We will specify them in the following
discussions.

, (2.13d

1
>< _—_+__
x(1—xy)  xy?

. 1 1
APV = e[ x| “dywRooyy)

2o _ X (2.139
m xy(1—xy)

A. The CKM matrix elements

Here our notation and convention are the same as those in The CKM matrix is described by four independent param-
[22]. The superscriptsandf on A" correspond to the con- eters. Using the Wolfenstein parametrizat{@3], it can be
tributions from Figs. 2a), 2(b) and Figs. 2c), 2(d), respec-  expressed as

tively. The subscriptk=1,2,3 on Ai('f refer to the Dirac

structures  Y—-A)®(V—A), (V-A)®(V+A), and 1-\?/2 A AN (p—in)
(—2)(S—P)®(S+P), respectively. d,/(x) denotes the Vekm= -\ 1—\2%/2 AN
leading-twist LCDAs of a vector meson, anblp(x) and ANN(1—p—in) —ANZ 1

®P(x) denote twist-2 and twist-3 LCDAs of a pseudoscalar p—in

meson, respectively. +O\%Y. (3.1

Note that assuming S8) flavor symmetry and symmet-

ric (underxH;) LCDAs of light mesons, we havé\il= Two of them are well determinedd=0.819+0.040 andx

— Al . In this approximation the weak annihilation contribu- = 0.2237=0.0033[36]. Recently, Ciuchini revised the values

tions (for case ) can be parametrized as of p and # in [37] p=0.218+0.038, »=0.316+0.040, and
vy=(55.5-6.2)°. This gives p=0.224-0.039 and %
=0.324+0.039. Haker et al. [38] advocate another ap-

The expression foA} is different from that in24]. This differ-  proach to a global CKM matrix analysis, using the frequen-
ence originates from the two different ways of dealing with thetist statistics name®FIT; their best fit results aré&=0.83
annihilation contribution from the twist-3 LCDAs. Cheng and Yang +0.07, A=0.222+0.004, ;: 0.21+0.12, ;: 0.38+0.11,

calculated them in coordinate space, and we take the projection iﬁndyz (62+15)° at 95% confidence level. Lacker and Neu-
momentum space given [@2]. We made some investigation of this o4 ¢\, qqest that it is possible to derive constraints érom
problem in[27], and discussed it with Benelat al. The point lies a globalRFIT analysis of variou€ P-averaged branching ra-

in how to deal with the surface terms in the integral. In addition, we,. ) . .
found that, when the annihilation contributions from the twist-3 tios B—arr, wK; their best fit of the QCDF theory to the

LCDASs are considered fdB— PP decays in coordinate space, not data yields f,7)=(0.05,0.381) withy?*/ngo=0.46 [39],

only logarithmic divergence but also linear and quadratic diver-and correspondingly=83°. In our calculation, we will take
gences appear, which is a very serious problem. So we use tHBe central values of the results [i87] as input parameters.
method given in22], which gives only a logarithmic divergence At the same time, we will also give estimations based on the
even forB— PP decays. results in[39].
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B. Quark masses my(2 GeV)=6 MeV, my(2 GeV)=3 MeV. (3.3b
The masses of quarks appear in our calculations in two
different ways. The pole masses of quarks arise from th
loop integration over the virtual internal quarks in penguin
correction diagrams. They contribute to the penguin para
etersP ; and PRS" in Eq. (2.7) in terms of Gy(s,) and
Gu(sq) [22], wheres,=mZ/mj. We fix them as

‘sting the renormalization group equation, we can get their
corresponding values at the scale O(my,). In addition, we

Myvould like to point out that, because the running masses of
light quarks have large uncertainties, we will take the

(@] u s K . . . .

7 — ~r T~ = -
_rX . (1 f?;(’>/f1;(’_>)_rx_rx__ r, approximation for simplic
m,=my=mg=0, ity in our numerical calculations.

m.=1.45 GeV, my=4.6 GeV. (3.2
C. The form factors and decay constants
The other type of quark mass is the running quark mass

which is renormalization scale dependent. It appears in ter
of the chirally enhanced factor, which arises from the had-
ronic matrix elements of+ P) ® (S— P) operators through

m Now let us parametrize the hadronic matrix elements of
aDV|Oi|B)f in Eq. (2.4). After Fierz reordering, with the NF
assumptior{ 18], they can be written as

the equations of motion, and the twist-3 LCDAs of the pseu- (PV|O;|B)=2Z,(P|3#|0)(V|J,,|B)
doscalar mesons. Estimations of the running quark masses a
within the QCD sum rules approach are collected 40). +ZZ<V|J'/’|0><P|JL|B), (3.9

Here we would like to use the central values of Particle Data
Group 2000(PDG2000 data[41] for discussion: )
whereJ* andJ “are hadronic currents, arffj , are the cor-

my(My)=4.2 GeV, my(2 GeV)=122.5 MeV, responding coefficients. The hadronic current matrix ele-
(3.3  ments are defined as follovW48]:

(P(D|qy*ysal0y=—ifpl”,  (V(l,€)|qy*a|0)y=fymye*~, (3.5
— mz—m3 m3—m3
(P(D]ay*(1— ys5)q|B)=| ph+1#— k| F1(k?)+ % k“Fo(k?), (3.5h

2V( k2) _2my(€* -k)
B +i
mg+ my, k2

(V(1,6)]qy,(1— v5)0|B) = €,,,0p€" "Pi] K, Ao(K?) +i€k(my+my)A (k?)

)

e -k D ALK 2my(e* -k
o (o) Ak~ = S

—i k,As(k?), (3.50

wherek=pg—1, and e* denotes the polarization vector of syme ideal mixing betweernw and ¢, i.e., w=(uu

the vector mesorV. fp and f,, are decay constants, and +dE)/\/§ andqs—sg As to /

2 2 2 - = 7 and 5’, we follow the con-
Fo(k), V(KY), agij Ao124K) are form factors. In addi- \ention in[29,42,43: the two-mixing-angle formula is ap-
tion, at the polek®=0, we have plied for the decay constants and form factors, and the charm

quark content inp and ' is assumed to be negligible:
Fo(0)=F1(0),  Ag(0)=A3(0), (3.6a

q- ") —ifd —
2myAg(0) = (Mg + My)Aq(0) — (Mg— my)Ag(0). (Olayuysaln (P =if P, (G=u.ds),
(3.6b 3.7

In the QCDF framework, they are all nonperturbative quan- (O|Uy5u| n(’)) fL:?(,)
tities, and appear as universal input parameters. As a good PSRN
approximation, we take these form factorskdt=0 in our (Olsyss| ') f,,(')
calculations.
Because the flavor octet mixes with the flavor singlet in mZ(,)
Lhe SL(_3) quark representat!o_n of mesons, the corresponding (0[syss| 7 )>: —i ZL(fS(,)_ f“(,)), (3.7b
adronic parameters are difficult to determine. Here we as- ms = 7 K
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w_fo o fo (P(k)[a(z)a(z,)|0)
- = 8~ T T 0>
’ \/6 \/§ ifp (1 j (xk-z+ xk-21)
:T OdXé 2 1 k')/5(bp(x)
fg fo
fS=—2—cosfg— —sin g T
TR R oy 080 — o oz TEX
(37© MPYs5 ®P(X) U,U,Vk z 6 ' (39)
fg fo wherefp is a decay constant=2z,—z;, x=1-x, and Mp

ffi,= %sin Og+ \/500500, =ma/[my(u)+my(u)] (here m; and m, are running
masses of the valence quarks of the pseudoscalar nfeson

with massmp). ®p(x) are the leading twist LCDAs and

s fg fo ®B(x),P5(x) are twist-3 LCDAs of the meson. We shall use
fr= %sm O ﬁcosoo, the asymptotic forms of the LCDAs for the following discus-
(3.79) sion:
cosfy  sindy Dp(x)=6xx, DPR(x)=1, PH(x)=6xx. (3.10
cag=rar| - S0,
' 6 V3 The twist-2 LCDAs of the vector mesons are defined as
[47,49
Fod F‘“( % B BT (Oa0)oa@ VKNI - Skt | ax
We take the mixing angles ag=—22.2° andfy=—9.1°. x e~ k2l (x), (3.113
For theB—K transition form factors we use the &) flavor
symmetry approximation o .z 1
<0|q(0>yﬂq(z>|V(k,x>>=kMEfvmvf dx
f. Fi(0) °
~— (3.8

i FEX0) xe X 2d|(x),  (3.11B

The decay constants and form factors are nonperturbativ‘émeree is a polaiization ve”ctor, and fof Iongitudipally po-
parameters; they are available from the experimental dat2fizeéd mesonsg=k/my. ®y(x) and ®y(x) describe the
and/or estimated with well-founded theories, such as latticduark distributions of transversely and longitudinally polar-
calculations, QCD sum rules, etc. Now we take their valueézfd mesons. In our calculations, the contributions from
in our calculations af29,41,44—4F ®y(x) are power suppressed and hence can be neglected,

i.e., we take the following approximation:
f_=131 MeV, fc=160 MeV, _
Dy (x)=b|(x)=6xx. (3.12
fe=214 MeV, f,=210 MeV, , _
For the wave function of thB meson, we take the form in
f,=195 MeV, f,=233 MeV, [34,35,50

m2§2
fo=157 MeV, fz=168 MeV, @B(g):NBg(l—g)Zexp[— 2521, (3.13

wp

fg=180 MeV, . o .
where Ng is the normalization constanbg(¢) is peaked

aroundé~0.1 with wg=0.4 GeV.

With these LCDAs of the mesons, we still cannot get the
parameters; andb; at once, because we will encounter end
A5P(0)=0.30+0.05, A§“(0)=0.30+0.05. point divergence in dealing with the integrals E8.9), Eq.
(2.12, and Eq.(2.13. If the transverse momentuky of the
partons and the Sudakov resummation can be taken into ac-
count consistently in the QCDF approach, the above-
The LCDAs of mesons are also basic input parameters imentioned integrals might be convergent. But now we have

the QCDF formula Eq(2.3). The LCDAs of light pseudo- to treat these divergent integrals as phenomenological pa-
scalar mesons are defined[dS§] rameters:

FE7(0)=0.28+0.05, ASK"(0)=0.39+0.10,

D. The LCDAs of mesons
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TABLE lll. Summary of experimental data for the branching rafiosunits of 10°°) for several charmless hadrorBe— P V. Inequality

denotes 90% C.L. upper limits. The last column is for the averages of the uncorrelated measurements

Decay BaBar Belle CLEO Averaged
B~ 77 p* 28.9+5.4+4.3(8] 20.2"83+3.3[1] 27.6'84+4.2[15] 25.9+4.5
(<35.7)
B —m p° <39[6] 11.2733+1.9[1] 10.4°33+2.1[15] 10.7+3.2
(<28.8)

B w7 o 6.6°23+0.7[9] <9.4[1] 11.3"33+1.4[15] 8.0x1.7

B'—K p* 15.8 3873013] 16.0° 6+ 2.8[15] 15.9+4.4
(<32)

B K% 6.4°35+0.8[9] 10.0°34+1.4[15] 7.5+2.8

(<13) (<21)

B~ K% 8.1731+0.8[5] 8.9734+1.0[4] 5.4"37+0.7[16] 7.5+1.8
(<12.3)

BO— yK*0 19.8"'82+1.7(7] 21.2°34+2.0[4] 13.8"32+1.6[13] 18.0+3.2

B K*O 15.5+ 3.4+ 1.8[11] 19.475312132(2] 7.6'35+1.6[15] 14.3+2.4
(<16)

B~ — pK* 22.1" 85+ 3.3(7] 26.4"35+3.3[13] 245+7.1

(<33.9)

B~ —K p° <29[6] <13.5[1] 8.4°3%9+1.8[15] 8.4+4.1
(<17)

B =K w 1.4°13+0.3[9] <10.5[1] 3.2°%4+0.8[15] 1.8+1.1

(<4) (<7.9)
B —~K™¢ 7.7°15+0.8[5] 11.2°22+1.4[4] 5.5 22+0.6[16] 7.9+1.2
B0 T K* 26.0+8.3+3.5[3] 22782 [12] 23.8+6.1

= [(9X_ a8 | peis (3.14
= n— e 9 .
0 x A e

Our numerical results fo€ P-averaged branching ratios for
B— PV are listed in Table IV and Table V, calculated at the
scaleu=m, for two choices of CKM matrix elementsl)

whereg can vary from 0 to 6¢ is an arbitrary phase, and A=0.819,A=0.2237,p=0.218, andy=0.316[37]; (2) A
0°=< ¢$=360°. These notations are almost the same as those0.83, A=0.222, p 0.05, andr; 0.381[39]. The other

in [22,24). In our calculation,Xy and X, denote the end

related parameters are taken at their default values. In the

point divergent integrals from hard spectator scattering Eqtables, BR stands for the values that are calculated without

(2.9, and Weak_annihilations E@2.12, Eq. (2.13, respec-
tively. We takeA =Aqcp andoe '*=ir as default values.
IV. BRANCHING RATIOS

The branching ratios of charmleBdecaysB— PV in the
B meson rest frame can be written as

BR(B— PV)——MlA(B PV)|2. (4.1

In our calculation, we takego=1.548 ps,75+=1.653 ps,
and

m2— (Mp+my)2][ Mz — (mp—my)?
|p|:¢[ g~ (Mg VZriEB a—(Me=m)%

including weak annihilation contributions under the NF
framework; BRx|Af|2 and BR™3x| AT+ 432 are esti-
mated with the QCDF approach whe# denotes the anni-
hilation contributions. Since the above two choices of CKM
matrix elements are nearly equivalent to two choices of the
angley, many of theC P-averaged branching ratios are simi-
lar to each other for these two sets of CKM matrix elements,
as can be seen from Table IV and Table V. Only the decay
channels that have large interference between tree and pen-

guin contributions are sensitive to the anglesuch asB°
—a"K*~ andB~— #°K* . It is thus possible to extragt

from these decay channels. However, we must consider the
uncertainties due to the variations of various parameters,
such as form factors, and the model dependence of the pa-
rametrization of chirally enhanced hard-spectator contribu-
tions and annihilation contributions, and so on. Nevertheless,
it is still possible to obtain some information onwith de-

Since QCD factorization works in the heavy quark limit, the tailed analysis. The readers may notice that some numerical
above masses of light mesons should be taken as zero feesults in Table IV and Table V are inconsistent with the

consistency.

experimental measurements listed in Table Ill. The inconsis-

The experimental measurements are collected in Table llitency is not serious because we use default values of the
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TABLE IV. CP-averaged branching rati¢s units of 10 °) of decaysB— PV for b—d transitions with
central values of various parameters. The results in columns 2-4 are calculatedA wilitB19, )\

=0.2237, p=0.218, and»=0.316, while the results in columns 5—7 are computed wth0.83, \
=0.222, p=0.05, andz=0.381.

Decay NF QCDF NF QCDF
modes BR BR BR'*2 BR BR' BRI*2 Experiment

B KOK*O 0.023 0.034 0.040 0.034 0.050 0.061 —

B KOK*O 0.132 0.198 0.210 0.191 0.270 0.293 —
BOLKEK*F — — 0.019 — — 0.019 —

B~ p* 9.231 9.685 10.13 9.31 9.836 10.28 See Table IlI
B~ atp- 21.59 22.72 23.36 19.8 20.70 21.34 See Table Il
B0 700 0.452 0.132 0.139 0.434 0.124 0.127 <5.5[15]
B~ 7% 0.022 0.035 0.022 0.016 0.027 0.027 <3[9

B~ 7% 0.0003  0.0006 — 0.0004  0.0008 — <5 [41]

B~ 7p 0.002 0.010 0.037 0.004 0.014 0.042 <10[41]

BY— 5/ p° 0.009 0.019 0.040 0.007 0.016 0.030 <12[41]

B 7w 0.253 0.113 0.129 0.206 0.092 0.100 <12[41]

B~ 7w 0.161 0.061 0.068 0.162 0.063 0.072 <60[41]

B ¢ 0.0001  0.0004  0.0005  0.0002  0.0006  0.0007 <9 [41]

B~ 7' 0.0001  0.0003  0.0002  0.0001  0.0004  0.0003 <31[41]

B —m p° 7.758 6.464 6.498 8.125 6.949 6.954 See Table Il
B —7 o 7.988 7.08 6.977 7.292 6.349 6.260 See Table IlI
B —7m ¢ 0.0006  0.0012 — 0.0009  0.0017 — <5 [41]

B —alp 14.64 13.55 13.54 13.05 11.91 11.97 <43[15]

B —yp~ 6.627 5.879 5.798 6.197 5.489 5415 <15[13]

B —7'p” 4.954 4.424 4.366 4.935 4.494 4438 <33[13]

B~ —KOK*~ 0.025 0.036 0.045 0.036 0.054 0.061 —

B~ —K K*° 0.141 0.20 0.211 0.204 0.274 0.311 <5.3[15]

parameters for the tables and do not consider the uncertaigancellation betweeA!, andA),. For the otheb; parameters
ties from the input parameters. In fact, we will see that forwe have
appropriate regions of parameters predictions from the

QCDF approach are in agreement with current measurements 2

C . C
for most of theB— PV decays. b,= —chA'lzlg—ZCﬂms X+ 77__4), (4.3
From the experience iB— PP analysis[28], we know c c 3

that the main theoretical uncertainties of branching ratios
come from CKM matrix elements, form factors, and weak

2
annihilation contributions. It is easy to imagine the impor- b,= &C2A5=18&C2m¥s Xa+ 77__4),

tance of CKM matrix elements and form factors, but for NZ 2 3

weak annihilation topologies the importance was first noticed (4.4
recently in[34] within the perturbative QCD approach. How-

ever, under the QCDF framework, the annihilation topolo- c C

gies introduce end point divergence, which violates factor- b3:—FNCCGAg=t6—FNCC6r mag(2X5—X,).
ization; in Ref. [22], the authors phenomenologically 5 E X

parametrize the end point divergence integrakas In this (4.5

work, we will follow their way of estimating the annihilation

contributions, although it will introduce model dependenceSo whenb; or b, is dominant, the leading power of the

and numerical uncertainties. annihilation contributions iX, . This indicates that in some
We know that the leading power of the annihilation con-cases, compared witB— PP decays(where X4 appears

tribution is alwaysxX} for B— PP decay amplitudes. But for ~annihilation topologies might introduce smaller uncertainties

B— PV, the case is different: According to the formulas in into B— PV branching ratios.

Sec. 11 D,b3" andb3" are negligible in general because of In the following we will proceed to analyze some decay

small Wilson coefficients, an8), is also small due to the modes forB— PV in detail.
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TABLE V. CP-averaged branching rati¢m units of 10 °) of decaysB— PV for b—s transitions with
central values of various parameters. The results in columns 2-4 are calculatedA witB19, \

=0.2237, p=0.218, and»=0.316, while the results in columns 5—7 are computed Wth0.83, \
=0.222, p=0.05, and7=0.381.

Decay NF QCDF NF QCDF

modes BR BR BR'*2 BR BRf BR "2 Experiment

B'—K p* 1.485 1.848 2.008 1.081 1.321 1.501 See Table I

BY—KP° 0.918 1.184 1.256 1.038 1.239 1.297  <39[41]

B~ K% 0.034 0.083 0.007 0.026 0.076 0.012 See Table I

§0_,K0¢ 3.663 5.945 6.703 3.589 5.833 6.569 See Table llI

BO— mtK* 1.838 2.411 2.743 3.281 4.077 4.36 See Table IlI

BO_, 7OK*O0 0.533 0.744 0.896 0.459 0.714 0.875 <3.6[15]

B ﬂE* 0 2.072 2.681 2.972 2.15 2.67 2.927 See Table Il

BO— 7'K*? 0.759 1.717 1.891 0.689 1.662 1.84 <24[13]

B™—m K*O© 2.583 3.497 3.814 2.531 3.433 3.731 See Table I

B —7lK*~ 1.852 2.317 2.489 3.067 3.543 3.667 <31[15]

B™— pK*~ 1.777 2.247 2.591 2.564 3.022 3.306 See Table I

B —7p'K*~ 1.446 2.664 2.83 1.046 2.091 2277  <35[13]

B~ K%~ 0.403 0.598 0.789 0.395 0.585 0.777  <48[41]

B —K p° 0.453 0.426 0.528 0.609 0.503 0.631 See Table I

B —K w 0.583 0.530 0.435 0.580 0.565 0.495 See Table I

B"—K ¢ 3.911 6.346 7.179 3.831 6.227 7.02 See Table Il
A. B>z p* decays ratios than the corresponding decay channels with emitted

pseudoscalar mesons. From Figa)3it is clear that the av-
eraged branching ratio of these decays is only mildly depen-
fdent on the angle, which hints the small contribution from
Openguin amplitudes. So it is reasonable to neglect the pen-
guin amplitudes, which leads to

From Table Il and Table 1V, we can see that the theoret
ical estimation of theCP-averaged branching ratio BR{
—atp + 7 pT) isin agreement with the measurements o
the BaBar and CLEO Collaborations within one standar
deviation, especially when we consider the uncertainties du

to the variations of input parameteisee Fig. 3. 0 N B 2
The decays oB®— 7~ p* area, dominant. The “nonfac- BRB —~m p1) | 1,F17(0) _ (4.6)
torizable” contributions are small, so there is no distinct dif- BR(B%— mtp7) fWAE”(O)

ference between the results obtained with the QCDF ap-

proach and those with the NF approach. We can see thiglearly, this ratio is insensitive to the CKM matrix elements,
point from Table IV. The annihilation amplitudes of these gynamical coefficients; , and so on. Since it relates differ-
decay channels are, dominant, so they do not contribute ent form factors, a measurement of this ratio may be helpful

large uncertainties to the branching ratios. From Fig),3t o improve theoretical predictability. We draw this ratio ver-
is obvious that the hard spectator scattering has little impacfys, in Fig. 3(f).

on the branching ratio. Therefore the main uncertainties in
the CP-averaged branching ratios of these decay modes
originate from the form factors and CKM matrix elements
(especially|V,,|), as can be seen from Fig. 3. The decay8™ — wp, 7w are also tree dominant, but they
The ratio of branching ratios, BR— 7 p*)/BR(B®  are determined by, + £a,. From Fig. 4a) and Fig. %a), we
—mp7), has been discussed [i29]. From Fig. 3f), itis  can see that within appropriate ranges of the parameters, our
obvious that BRB®— 7 p")>BR(B°—~n"p~), mainly results for BRB-—m p°) and BRB — 7 w) are in

B. B — @p,mw decays

due to the difference between the decay constdnts:f . good agreement with the measurements. For HBBR(
In addition, the destructive interference among penguin am-- 7% ), the branching ratio is predicted numerically to be
plitudes also lowers the branching ratio Bf—7*p~, al-  large and it should be observed readily, although there is

though this effect is relatively small. In fact, because theonly an experimental upper limit so far.

decay constants of vector mesons are generally larger than Generally speaking, for the branching ratios, the numeri-
those of pseudoscalar mesons, ifg>fp, it seems univer- cal uncertainties due to the variations of the CKM matrix
sal that, for thea; dominantB— PV decay modes, the decay elements and form factors are always large. But it is distinc-
channels with emitted vector mesons have larger branchintive for B~ — mp, mw decays that hard spectator scattering
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Br(B°—>n'o +n 0" )(107%)

b Br(B* > e+ oN)(107%)

FIG. 3. DecaysB® andB%—w*p™ versusy

Br(B° > n*o +n 0" (107 [ Br(B°—>n"o +n70)(107%)

60 f

at scalexw=m, within the QCDF approach, in-
cluding the effects of weak annihilation®)—(e)

are CP-averaged branching ratios, affl is the
ratio of BRB%— 7 p*)/BR(B°—7*p~). The
solid lines are drawn with central values of vari-
ous parameters; the bands between the dashed
lines denote measurements withing.l The
shaded dots originate from uncertainties due to

variations of parameters, e.g.,(in) due toX,, in
(c) due toXy, in (d) due to form factors, ine)
due to CKM elements, and if@), (f) due to vari-
ous parameters.

80 100 120

*Haeq) S(coq)

(e) (f)

also causes sizable uncertaintj@ebout 20%; see Fig.(d)

140 18 50 80 100 120

180

140 180

to the CKM factorV,, Vs, which is well determined experi-

and Fig. §c)]. This is because, as mentioned above, thesgnentally. So the decay rates are independent of the angle

decay modes are determined &y+ £a,, and “nonfactoriz-

and the uncertainties due to the variations of the CKM pa-

able” effects, in particular, terms of hard spectator scatteringameters should be very small.

contribute greatly toa,. As for annihilation contributions,
due to the cancellations such &s(P,V)—b,(V,P) and
ba(P,V)+by(V,P), A¥B —7 p° and A3 (B —7 o)
are dominated byb; and b,, respectively. So forB™

— o~ p° the annihilation topologies also contribute large un-
certainties to the branching ratio, while {8 — 7~ w, the
uncertainty due to the annihilation parametaris negligible
[see Fig. 4b) and Fig. 5b)].

C. B—K¢ decays

The decaysB°—K%p and B-—K ™ ¢ have triggered
great theoretical intere§24,29,30,5] because they are pure

For B—K¢ decays, it is very interesting that the predic-
tion is much different between the generalized factorization
(GF) approach and the QCDF approach. In the GF frame-
work, the predicted branching ratios of the dec&ys K¢
are very sensitive to the “nonfactorizable” effects; they vary
from 18x10 ° to 0.4x10 ° [29] (or from 13x10 ¢ to
0.3x 10 ¢ [20]) with the effective number of color8I¢'’
=2-0, But in the QCDF framework, there is no need to
introduce the effective color numb&$'". However, since
A¥(B—Kg) is dominated byps, the branching ratios will be
very sensitive to the annihilation paramek. As for hard
spectator scattering, sincé'(B— K ¢) is dominated bya,

penguin processes. Experimentally, these two decay moddise uncertainties from the variations Xf; should be small.
have been observed by the BaBar, Belle, and CLEO Collabdn [24], the authors also analyzed the dec&ys K¢ with
rations; the averaged measurements ignoring correlations atike QCDF approach. The effects of the twist-3 LCDAKof

BR(B°—K%»)=(7.5+1.8)x10 ¢ and BRB —K ¢)
=(7.9+1.2)x 10 ©. Our results in the QCDF framework are
in good agreement with the experimental data within[$ee
Figs. §a) and @b)].

mesons on the hard spectator interactions were considered
there in spite of their small corrections to the decay ampli-
tudes. When the contributions from the weak annihilations
are taken into account, their predictions are BRGK )

From the expressions for the decay amplitudes in Appen=(4.0"7)x10°® and BRB —K ¢)=(4.3"3)x10°¢

dix B of [29], we can see that the decags-K ¢ only relate

(their central values correspond ;=0 ,=0), which are
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Br(B =7 (107%)

140 160 180

FIG. 4. BRB —m p°) versusy at the scale
p=my within the QCDF approach, including the
weak annihilation contributions. The solid lines
are drawn with the default values of various pa-
rameters; the bands between the dashed lines de-
note averaged measurement withino.1The
shaded dots demonstrate the uncertainties due to
variations of various parameters @, X, in (b),

O 20 40 60 &2 oG 126 14C B0 BC O 20 40 80 80 100
7(deg) ¥{deg)

(c)

s | B8 = e%)(10°)

consistent with our estimation at=m,, although the val-
ues of input parameters are slightly different.

D. B—»K* decays

t4C 160 180

Xy in (c), form factors in(d), and CKM matrix
elements ine).

favorable values are BB{— 7K*?)/BR(B°— 7'K*?)
~20 and BRB — 7K* )/BR(B™— 7'K* ")=18 with
NET(LL)=2 andNE"(LR)=6 [20]. In [29], Ali et al. pre-
dicted that BRB— #'K*) would be too small to exceed 1

TheB— 7K* decays, are well established experimentallyX 10”°. In this work [20,29,57, the small branching ratios

by the BaBar, Belle, and CLEO Collaboratiosee Table
[1I). But in the QCDF framework our estimatio(see Table

for B— %»’'K* decays are due to delicate cancellation be-
tween different parts of the decay amplitudes. However, this

V) using default input parameters are several times smallezancellation is sensitive to the choice of the input parameters
than the experimental measurements. Even considering thseich as form factors and so ¢ee Table IV if20]). In our
large numerical uncertainties, the predicted branching ratioanalyses, we find that the weak annihilation contributions

are only marginally consistent with the experimefsge
Figs. 6c) and Gd)].

In fact, there is a similar problem fd@— ('K decays
which aroused intense discussion several years(sem, for
example, Refs[52-57)). It is now commonly believed that
this puzzle may be related to a special property;&fit has
large coupling with two gluon§55,56. However, there are
definitely no largengg contributions to the decay ampli-
tudes ofB— nK*.

Here we would like to point out that th€ P-averaged
branching ratios foB— »'K* decays are similar to those
for B— »K* decays with the default parametdsee Table
V), which are different from the results listed [i0,29,57.
Cheng and Yang thought that BR{ »K*) should be much
larger than BRB— %'K*) in the GF approach, and their

might cause large uncertainties in the predictions Bof
— 7()K* decays.

Let us have a closer look at the numerical uncertainties of
BR(B— #K*). Their decay amplitudes are penguin domi-
nant, so for the CKM factors onljV,,Vy;| plays an impor-
tant role. SincgV,,V7| is well determined experimentally,
we do not expect large uncertainties from the CKM param-
eters. As for hard spectator scattering, siag@ndag are the
most important coefficients in the amplitudes, the hard spec-
tator parameteXy has a small effect on the branching ratios.
The decay amplitudes also depend on the form facﬁtﬁr@”

andAS K", but it seems unlikely that the form factors would

be dramatically different from the default values. Fortu-
nately, the annihilation contribution is dominated by,
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Be(B”—=>n w)(107%) b

Br(B™—> 7 w)(107%)

S

PAG 180 180

FIG. 5. BRB™— 7~ w) versusy at the scale
w=m, within the QCDF approach, including the
weak annihilation contributions. The meaning of
the solid lines, the bands, and the shaded dots is
the same as in Fig. 4.

0G 120 14C 163 180 g 20 40 60 8% 100

which could bring large uncertainties to the branching ratioshave a small form factor. Hence we need a large annihilation
However, considering the big gap between experiments anparameteiX, again. This indicates that soft interactions play

default numerical predictions, the annihilation parametgr

a very important role in some cases. Anyway, it is not good

should be very large. In this paper, we choose the model thatews because the soft annihilation part is model dependent.
X is universal for allB— PV channels, and even universal As we know, annihilation topologies are very important for

for all B— PP channeld28], so is it possible for a largk
to survive for a globalB— PV and PP fit? It may be a
challenge for the QCDF approach to obtain a large BR(
— nK*).

E. Other decay modes
There are still some decay modes ®r PV where the

B— PP decays; therefore it is very important to check
whether a largeX, could be acceptable for other decay
modes, such aB— 77 and wK. Experimentally, it is also
important to search for pure annihilation processes, such as
B°—K*K™ andK=K* ¥, which may be helpful in learning
more about the annihilation mechanism.

In the QCDF framework, somB— PV decay modes are

QCDF predictions are marginally consistent or even inconpredicted to have small branching ratios. One type isathe

sistent with the experimental results, suchBas— 7 K*0
andB°—K p*,7TK*~ (see Fig. 6. As an illustration, let
us see what the QCDF prediction fBr — 7~ K*° and its

neutral B  decays, such as BO
— 7% 70w, 70p°% 7V w, etc. Another type is those de-

cays whose tree amplitudes are denotedalyand sup-

dominant

uncertainties are. Without considering annihilation topolo-Pressed by the CKM factors; moreover, the interference
gies, this decay channel is a pure penguin process and don@Mong_penguin amplitudes is destructive, for example, the

nated by the QCD coefficiena, and the CKM factor

decaysB®— K% K% can be classified into this type. The

|VipViy|. So the branching ratio is independent of the anglghird type is pure penguin processes includiriy”
v, and the variation of the CKM parameters and hard spec—K% =, K°K* = andB°— K°K*?; their small branching ra-
tator parameter will have very little effect on the decay ratetios are due to the delicate cancellations among various com-

As for the form factors, onlf~ 7 is involved. But from the
experience oB— 7 [28] we know that it is favorable to

peting terms. The last type is those decays that are governed
by the small coefficients;, or electroweak penguin domi-
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FIG. 6. TheCP-averaged branching ratios Bf—~ PV versusy at the scale ofu=m, within the QCDF approach, including the weak

annihilation contributions. The meanings of the solid lines and bands are the same as in Fig. 4. The shaded dots denote the uncertainties due

to variations of various parameters.

nant decays, including ™ — ¢~ andB%— ¢7°, ¢ '), etc.

where theA,; are the magnitudes, arggland §; are the strong

Our numerical results in Table IV and Table V indicate thatand weak phases, respectively. Then we can get the
the CP-averaged branching ratios of the above-mentioned® P-violating asymmetries

decay modes are indeed small, and do not exceedar ©
without considering the uncertainties. They are much below
the corresponding experimental upper limits. But for these
decays, the effects of weak annihilations, soft final-state in-
teractions, and other kinds of power corrections might be
very important or even dominant.

V. CP VIOLATION

CP violation and quark mixing are closely related to each
other in the SM. The existence of @P-violating phase in
the top sector of the CKM matrix has been established, i.e.,

_I(B—f)-T'(B—1)
T(B—f)+T(B—T)

CP

JAB—H)[>~|AB—1)?
|A(B— )2+ | A(B—T)|?

_ 2AASING - &SNS —5)
AZ+ AZ+2A1ALC08 1~ £5)COS 81— 5y)

(5.2

Im(th)oc;iO. Large CP-violating effects are anticipated clearly, Acpsin(g—&). So we would like to repeat some
and have been observed in tBeneson system. In this sec- remarks.(1) In the NF framework, there are no direCtP

tion, we will study CP violation for charmless decays &
— PV within the QCDF approach.

Suppose that the decay amplitude @+ f can be ex-
pressed as

AB—f)=Ae e 14 Ao ib2e %2 (5]

violations for hadronic charmless two-bod decays, be-
cause in the decay amplitudes the Wilson coefficients and the
hadronic matrix elements, which are expressed by the prod-
ucts of the decay constants and form factors, are all real, so
the strong phase shiff; — £,=0. This indicates that “non-
factorizable” effects are important f& P violations in had-
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ronic B decays.(2) In the QCDF framework, th€ P viola-
tions for the class |4, dominan} decay modes should be
small, because the strong phases arise at the order of
and/orAqcp/my,, and hence sig(—&,) is small in general.
For class Il &, dominanj decay modes, since,, has a
large imaginary parisee Table I, a large CP violation
might occur.

For charged® decays, the final states are self-tagging. The

direct CP-violating asymmetries are defined as

_F(Bf—>f7)—F(B+—>f+)
T(B —f)-T(B*—f*)

cp (5.3

For neutralB mesons, effects oB%-B° oscillation will

PHYSICAL REVIEW D65 094025

e—I‘t
F®°(t)—f)=——(lgl*+[h|*)

X[1+aco§Amt)+a,,. . sinfflAmt)],
(5.89

-TIt

— — e
rEm—hH=—

(lgl?+[h[?)

X[1—as cofAmt)—a,. oSin(Amt)],
(5.8b
~Tt

— €
I'(Bo(t)—f)= 5

(Ig]2+[h[A)[1+azcog Amt)

induceC P asymmetries, so time-dependent measurements of

CP-violating asymmetries are needed:

' (B%t)—f)—T'(B°(t)—f)
FB%t)—f)+ T (B(t)—f)

Acp(t)= (5.9
As discusEed in29,59, here we consider three cases for
decays ofB® andB°—PV.

Case 1:B°—f, B—f, butB%4f, B4 f, for example,

BY—K p*. CP-violating asymmetries for these decays are

similar to those foiB* decays, and no mixing is involved.
Case 2:B%—(f=f)—B° for example, B® and B°
—7%° pw, etc. The time-integrated asymmetries are

1 X
A = a6/+ af € 5.
P x2 1+x2 <" ®9
C1—hepl? ~ —2Im(\cp)
E/_—l E+E/_—’
1+[Ncpl? 1+|Ncpl?
ViV, AB(0)— )
cp=—— (5.6

ViV, AB%(0)—f)’

wherex=Am/I'=0.73+0.03[41]. a., anda,, ., are direct
and mixing-inducedC P-violating asymmetries, respectively.
Case 3:B°—(f and f)—B°. There are three examples
for B—PV decays; they ar®® and B’—x*p* ,K*K**
andB® andB°— KK *© K2K*°. We follow the conventions
for the time-dependent asymmetrieq #9,58. The four ba-
sic decay amplitudes of transition8°(t) and BO(t)
—f and f att=0 are written as
g=AB%0)—1),

g=A(B%(0)—f), (5.79

h=AB%0)—f), h=AB°0)—f).

(5.7b

For example, iff =K*K* ~, thenh andEwiII correspond to

+a.,osif(Amt)], (5.80

-Tt

2

I B°(t)—F)=—=—(|g|?+ |h[?)

X[1—as cofAmt)—a,.. ~Sin(Amt)],
(5.80
whereq/p= V4V /VigVy, and

_ lg]2—|h|? :—2 Im[(a/p) X (h/g)]

< g2+t T 1+|h/g|? ’
(5.99

__IhP-fgl - —2iml(a/p)x(g/h)]

< |hP+grt e gz

(5.9

Our results forCP-violating asymmetries for decayd
— PV are listed in Tables VI-VIIl. The parametefisclud-
iNng a., 87, 8¢ ey acr e, and Acp) with superscriptd
andf +a are in the QCDF framework calculated with decay
amplitudes Af(B—PV) and A/(B—PV)+A3B—PV),
respectively. Some remarks are in order.

(1) In the QCDF framework, the strong phases are either
at the order ofag or power suppressed iNgcp/m,. Only
radiative corrections are in principle calculable in the QCDF
approach. However, numerically power corrections in
Agcp/my might be as important as the radiative corrections.
So in a sense the QCDF method can predict only the order of
magnitude of theC P-violating asymmetries.

(2) The theoretical predictions fdE P-violating asymme-
tries are compatible with measurements within one standard
deviation (see Fig. 7. However, so far, the present experi-
mental measurements @+ PV have too large uncertain-
ties, e.g., Acp(wm™)=—0.34+0.25 [14] or —0.01"3%
+0.03[10], and Acp(pK*)=—0.05+0.20+0.03[10], so
they cannot provide any useful information.

(3) Although the uncertainties from variations of nonper-
turbative parameters, such as form factors and so on, are

Eqg.(A2) and Eq.(A6). The time-dependent decay widths arereduced to some extent for tf@P-violating asymmetries,

written as

the weak annihilations can still have great effects onGire
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TABLE VI. CP-violating asymmetry parame

PHYSICAL REVIEW D 65 094025

tess, anda,. . (in units of 10 2) for decaysB®— PV

with central values of various parameters within the QCDF framework. The results in columns 2-5 are
calculated withA=0.819,\= 0 2237,p=0.218, and;y 0.316, while the results in columns 6—9 are calcu-
lated withA=0.83, A =0.222, p=0.05, and=0.381.

Modes  af,  af" al, al%  al  aft A, alf
w00 -11.11  —6.90 48.29 51.66 —14.01 —8.88 —39.15 —34.80
7w 19.08 80.95 94.80 32.56 28.82 80.02 95.35 10.70
7p° 31.78 16.77 —17.31 10.53 28.11 17.11 -87.88 —75.06
7' p° —28.02 —34.78 89.23 92.18 —39.96 —54.92 88.09 66.99
nw 44.82 29.66 74.53 81.05 64.64 45.06 16.02 26.05
7' —20.57 —16.88 32.27 26.95 -—23.60 —18.81 —56.70 —62.16
K2p® —5.56 -8.92 64.39 66.25 —6.27 —10.20 62.38 64.40
K2w —41.77 86.90 79.28 —48.78 —54.10 62.18 7315 —61.69
K2p —0.99 -0.97 73.24 7340 -1.19 -1.17 72.91 73.11
w0 0 — 2.29 — 0 — 1.83 —
7 0 0 2.29 2.29 0 0 1.83 1.83

asymmetries for some decay channels, such.aanda,, .

for the a, dominant decay8°— 7w, 7p°, etc.
(4) 1t is worth noting that, for the decaysB°

— ¢, ¢, there are no dired® P asymmetries,, within
the QCDF approach, while under the GF framewaak;,

TABLE VII. CP-violating asymmetriesdcp (%) for B—PV

(b—d transition$ with central values of various parameters within P ¢
the QCDF approach. The results in the second and third columr{s'37] al o =23%, a_, =52%, a_,=—0.2%, anda,

are calculated withA=0.819, A=0.2237, p—0.218, and n

varies from~1% to ~23% with N&"'=2—o [29].

(5) One might wonder why th€ P-violating asymmetries
for the a; dominant decay8°— 7w~p~ are not as small as
we expected. In fact, we only expect that the dir€®
asymmetries at=0 are small, i.e.a.=(|g|?—[g|?)/(|g|?
+]g|?) andaz'=(|h|2—|h[?)/(|h|?+|h|?). For instance, we
take g= A(B —a p*); then with the CKM parameters in

f+a

=4. 6% at the scalge=my. They are really small.

=0.316, while the results in the fourth and fifth columns are com-

puted withA=0.83,\=0.222, p=0.05, andy=0.381.

Modes AL AL AL AL
BO— KIK*© 22.38 23.89 19.60 20.37
BO—KIK*© -11.34 —1197 -9.14 -9.36
BO—K*K*~ — 17.41 — —25.49
B —m p* 17.09 20.16  —13.47 —9.60
B —mfp~ 25.64 2151  —-26.91 —31.85
BO— 700 15.75 20.10  —27.78 —22.36
B 7% 57.59 68.32 64.21 57.29
B— 7p° 12.49 1595  —-2352 —24.58
B~ 7/ p° 24.21 21.21 15.88  —3.92
B’ o 64.74 57.95 49.80 41.81
B 7p'w 1.95 1.83 —42.40 —41.88
B~ 7% 1.09 — 0.87 —
B'— ¢ 1.09 1.09 0.87 0.87
B —m p° 3.26 12.47 3.58 13.76
B -7 -6.22 —6.64 -8.18 —-8.73
B "—m ¢ 0 — 0 —
S —-2.98 -9.09 —-4.0 —-12.14
B~ —np~ -1.75 -2.05 —-2.21 —2.59
B —7'p” 5.03 4.94 5.85 5.74
B —KIK*~ -8.82 8.94 —-6.94 7.83
B~ —K K*° —-2528 —-3323 2178 —26.58

TABLE VIIl. CP-violating asymmetriesdcp (%) for B—PV
(b—s transitiong with central values of various parameters within
the QCDF approach. The results in the second and third columns
are calculated withA=0.819, A=0.2237, p=0.218, and »
=0.316, while the results in the fourth and fifth columns are com-

puted withA=0.83, \ =0.222, p=0.05, andy=0.381.

Modes Alp AL ALp ALR
B K p* 1.62 —34.31 2.68 —54.21
BO—KZp° 27.04 25.73 25.62 24.01
B'—Kw 10.51 33.46 —0.46 11.19
BO— K¢ 34.23 34.32 33.95 34.05
BO s tK* 20.57 47.0 14.36 34.92
B, 70K*0 —9.49 -951  -11.69 —11.50
BO— yK*© 5.05 5.52 5.99 6.61
BO— 7' K*© —5.51 —5.56 —6.72 —6.75
B~ am K*O 0.97 1.23 1.17 1.49
B™— wlK* ~ 18.86 35.57 14.56 28.51
B~ — pK*~ 7.73 29.28 6.79 27.09
B —n'K*~ —13.78 —20.39 —20.73 —29.92
B —K%~ 0.31 -0.34 0.38 —-0.41
B —K p° 2.88 —80.25 2.87 —79.31
B —K o 59.85 —19.92 66.26  —20.63
B —K ¢ 0.99 1.17 1.19 1.41
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& o

FIG. 7. CP-violating asymme-
tries Acp(B*— K= ¢) in (a) and
Acp(B*— ") in (b) versusy
at scalep=mj within the QCDF

[N CERT

-15 F

S| Ae(K™€)(%) -3 approach, including the effects of

20 ¢ bl S weak annihilations. The meanings

1% SO [ B of the solid lines, bands, and
g 2C 40 G ag(de;g;) 126 143 18T '8C 0 20 4Q 60 5;<d;;)o 120 140 160 1B Shaded dots are the Same as |n Flg
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VI. CONCLUSION the weak annihilations can provide large imaginary parts for
the a, dominant decay amplitudes, and lead to large direct
CP asymmetries. The theoretical predictions for
CP-violating asymmetries are compatible with current mea-
surements within one standard deviation. It is worth noting
that the QCDF predictions might give only the proper order
of magnitude of theCP asymmetries.
(4) The present experimental data for nonleptdime-
son decays are not yet sufficient, especially for measure-
. ments of CP violation. On the other hand, there are still
tIOI’I;. Most of the CP db hi i . many uncertainties in the theoretical frame, for instance, the
(2) Most of the CP-averaged branching ratios are in weak annihilations and other potential power corrections.

g theoretcal Uncerainties due to the variaions of mpe[e2: 2VaNGes in both experiment and theory in the near
9 P Future are strongly expected.

parameters. However, some decay channels, suclB as
—yK* and B~ — 7 K*°, are only marginally consistent
with the experimental observations. In these decay channels,
nonperturbative contributions, such as weak annihilation to- This work was supported in part by National Natural Sci-
pologies, play a crucial role and need further investigation. ence Foundation of China. G.Z. thanks JSPS of Japan for
(3) The CP asymmetries for th@,; dominant decays are financial support. We thank Professor A. Kagan and H.
small because of small strong phas&9(«c) and/or Cheng for their comments on and discussions about the
O(Agcp/my). However, the “nonfactorizable” effects and manuscript.

(1) In the heavy quark limit, we calculated the hadronic
charmless decayB— PV with the QCDF approach includ-
ing chirally enhanced corrections and weak annihilation to-
pologies. Neglecting the power suppresskgdcp/m, ef-
fects, the “nonfactorizable” contributions that cannot be
calculated in the NF framework are perturbatively calculable
with the QCDF approach at least at the orderagf They
provide the strong phases which are important@ét viola-
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APPENDIX: THE ANNIHILATION AMPLITUDES FOR B—PV

_ _ G — _ 1 _
AR(B—KK*0) = —FfoKfK*{< VurViat VooV d>[b3<K° K#0)— 2 BEY(KC, K0+ by(KO,K¥O) — 2 bE"(KO,K*0)

J2
K*0 1,0 1 ew/ %0 1,0
+b,(K*®, K )—§b4 (K*Y K" ¢, (A1)
_ G
Aa(B°—>K+K*)=—FfoKfK*[ VioVEba(KH K* )+ (VpV g+ VeV d)[b4(K+ K* ) +by(K* ~,K*)

V2

1
+biW(K+,K*7)_ EbiW(K*71K+)

] ) (A2)

Ge
A3B—7 pt)= \/— Bfﬂ'f( ViupVigbai(p ™77 ) + (VypVy d+Vcchd)[b3(7T P ) Hby(pt )+ by(m ")
1 ew, - + ew, + - 1 ew, — +
_§b3 (77 P )+b4 (p T )_§b4 K Y ) ’ (A3)
Ge
A3B—amtpT)=—= 2 Bf-frf( ViupVigba(m ™ p )+ (VypVig+ VeV d)[b3(P ) Hby(mtp )+ ba(pT, )

1 1
—5b5"(p~, 7 ")+ b5 7T+,p_)—§biw(p_,77+)H : (A4)
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Ge 1
A¥BO K> )= —& 5 fof fK*{(VubV ERVIRY S)[ba(K* 7= 5bS(K* ) } (A5)

— G
Aa(BO—>K_K*+)=—FfoKfK*[ VupVigb1(K* T KT) 4+ (VypVigt VepVag) | ba(K* ¥ K™) +by(K™,K* ™)

V2

1
+ DK KT) = SbS(K ™K )

] : (A6)

Ge 1
A}B'—K p*)=—= 2 fefxf [(VubV:s+VcbV:s)[b3(K_:P+)_Ebgw(K_-P+) ] (A7)

ARBOKOK*O) = SE o, fK*{(vubvzdwcbv d)[b3(K*° KO) + by (K*0,K®) + by (KO, K*0) — b§W(K*°,K°)

%
1 1
_Ebiw(K*O'KO)_EbiW(KOvK*O)Ha (A8)
Gr
A3BY'—K ¢)= 2 fafyf [(Vubv st VenVe s)[ba(qﬁ KO- bew(¢ KO)H (A9)
. Ge — I
A3B'—KOp0)=— —fgf,f [(vubv +vcbvgs)[b3(|<°,p°)—Ebgw(KO,pO)H, (A10)

- Gk _ 1 _
Aa(BO—>K0w)— fafyf [(v pVEAV bvgs)[b3(K°,w)—§b§W(K°,w) ) (A11)

G 0 0 0 0 0 0

2ﬁfsfwf VoV b1(p% )+ by (70, p0) 1+ (VypVig+ Ve Vig)| ba(p% ) +bg(w%, p°)
1 1 1

+2b,(7,p0)+2b4(p°, 7°) — 5 b5"(p°, %) = 5§, %) + 5 b5"(7°,p°)

+ %biW( po,wo)} ] , (A12)

— G
A(BY— 700) = —Ffowfu,[ VoV by(@,m°)+ by (%, )]+ (vubvzd+vcbv:d>[ —ba(0, @) — by(w,70)

242
1 ew, _0 1 ew, 0 3 ew, _0 3 ew, 0
+§b3 (7, )+ Ebs w,T )+§b4 (7", w)+ §b4 (w,7) |, (A13)
A3B°— 7%¢)=0, (A14)
_ _ Gr _ 1
A3(BY— 7OK*0) = — — fo fK*[(V BVt VepVeEy) b3(K*O,ﬂ-O)—Ebgw(K*O,ﬂ-o)H, (A15)

— , Gg , , ,
A3(B%— 5(p0) = 7fo:(’)fp(VubV:d[b1( 7),0%) +by(p° 7 ))]+(VubV:d+VcbV:d)[_b3( 7),p%
—bs(p® 7))
Loew () oy Liew 0 (e Spew () 0y, Spew 0. ()
+§b3(71 ,p)+§b3 (p\m )+§b4(77 ,p)+§b4 (P (. (A16)
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aBO_ () ) = Cr . Lu * ") ")
A%B =7 w)—Tfoﬂ(»fw ViV by(7),0) +by(@, 7)1+ (VupVig+ VepVi)| ba( 7, 0) +bs(w, )

! ! 1 ! 1 ’ 1 ! 1 !
+2by(77,0)+ 2b4(0,7) = 5657 0) = 505w, 1)+ 5051, @) + b5 @, 7' >>H,

(A17)
A3(BO— 1) Ge ") ") ") Liew ()
A3B%— 7 ¢)—Tfsf 6] (VupVia+ VeoVeg)| ba( 7', ) +0a(d, )——b (0, ) = 505 (e ) |1
(A18)
1 f°
A*(BO— 7 )K*O)—Tfsf <>fK*{ (VubVist VenVes) b3<E*°,n<’)>—§b§W<K*°.n<’>>+f;’—”(b3<n<’>,i*°>
()
1 . —
_ibsww,m) ] (A19)
A3(B™—KOK* - )—Tfo kFrr AV upViE oo (KO K* )+ (Vi g+ VepVeg) [bs(KO K* 7) + bS™M( KO, K* 7)1}, (A20)
Gr
A3B —7p )_ fof . f {VupVid ba(m™,p%) —ba(p 7)1+ (VypVigT VenVag [ba( 7 ,p%) —ba(p°, 77)
+b§" (7, p°%) =05 (p% 7)1}, (A21)
Gr
Aa(Bf—Wwa)— el f o {VupVid bo( 7, 0) +bo(@, 77 )]+ (VypVigt VeoVea) [Da(7m ™, @) + ba(w,77)
+b5" (77, 0) + b5 (@, 7)1}, (A22)
A3B =7 ¢)=0, (A23)
_ G _ _ _
A3B —m K*0)= TZfoﬁfK*{Vubejsbz(K*o, T )+ (VypViEet Ve VEJ[b3(K* 0, 7 7) + bSMK* 0, 7 7)1}, (A24)
Gr
AB™— 7% )— faf . f {VupVid ba(p ™, 70 —bo(70,p )+ (VypVigt VeuVag[bs(p 70 —bs(7°p7)
+b5"(p ™, 7% = b5 (7% p )]}, (A25)
G
A3B —7'K* )= TFfoﬂfK*{Vubejsbz(K* 0+ (VupViet VepVEI[ba(K* %) + bEY(K* —, 791}, (A26)

A¥B —7"p ’)—7fo Y fAIVuVELDo(p 7, 7)) + b 7, p )1+ (VypVig+ VeV [ba(p~, 7)) +ba(7),p7)

+b5¥p ™, 7))+ b5, p )1}, (A27)
ap— (N * — GF u * *— (") fjl(,) (") w*— * * x*— (")
A3B~— K )=Ef3f,yme* VipVitg ba(K* 7, 7))+ ==by( ), K* ) |+ (VypViie+ VeV | ba(K* ~, 7))
7"
’ fS(’) ’ ’
+b§Y(K* ~, 7))+ f:’—[b3<n< ), K* )+ b5 (7O K* )] ¢, (A28)
7"
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A3B =K~ K*O)——fo frx{VupVigbo(K* O K ) + (Vg VE g+ VepVEg) [bs(K* O K ) + bSUK* 0K )]}, (A29)

\/_
Ge

A%B =K ¢)=—= 2 fafkf ot VupVisba( @, K™) + (VypVist VenVee [ba( ¢, KT +b3" (¢, K ™)1}, (A30)
A3B™ —K~ w)—G fafkfuiVupVido(K™ o)+ (VypViet VepVid [ ba(K™ w)+bew(K w )1}, (A31)
ap— -0 GF 0 * * - 0 ewie— 0

A(B K™ p) = ol ViV idba(K ™ p0)+ (VuoVi VeV [ba(K 00 +bS (K, p)1], (A32)

— G —
Aa(Bi_’Kopi):ifoKfp{VubV:st(KoyP7)+(VubV:s+VcbV s)[bs aP )+beW(KOaP )1} (A33)
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