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Phenomenological analysis of charmless decaps—PP,PV with QCD factorization
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We calculate theCP-averaged branching ratios a@P-violating asymmetries of two-body charmless had-
ronic decays oB,— PP,PV with the QCD factorization approadtmere P and V denote pseudoscalar and
vector mesons, respectivelyncluding contributions from the chirally enhanced power corrections and weak
annihilations. Only several decay modes, sucBas K&*)K, K& =77 K*p* 55" have large branch-
ing ratios, which may be observed in the near future. We also diguss *K~, K°K° decays which could
overconstrain the penguin-to-tree rat®,,../T,.| of B—#" 7~ decays and give a bound on the Cabibbo-
Kobayashi-Maskawa angle.
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[. INTRODUCTION (LHCDb), the signs ofCP violation in B system can be ob-
served with high accuracy in addition to studies of certain
Recently there has been remarkable progress in the studsy, 4 modes.
of exclusive charmles8, 4 decays. Experimentally, many Early theoretical studies of charmless nonleptdjcde-
two-body nonleptonic charmles, 4 decays have been ob- cays can be found in Reff25—29. The investigation of the
served by CLEO andB factories at KEK and SLAQsee exclusive charmlesB; decays into final states containing an
Refs.[1-10]), and moreB decay channels will be measured (") meson was given within the generalized factorization
with great precision soon. Theoretically, several attractiveframework[30]. Chen, Cheng, and Tseng calculated care-
methods have been proposed to study the nonfactorizabfelly the branching ratios for the charmless decags
effects in hadronic matrix elements from first principles, —PP,PV,VV (hereP andV denote pseudoscalar and vector
such as QCD factorizatiofQCDF) [11], the perturbative mesons, respectivelyf31]. And new physics effects B
QCD method(PQCD [12-14, and so on. Intensive inves- decays were considered [82]. It is found that the elec-
tigations of hadronic charmless two-bo8y, 4 decays have troweak penguin contributions can be large for some decays
been studied in detail, for example, in Ref$5-22. modes[29,31 and that branching ratios fds;— %’ and
The potentialBs decay modes allow us to overconstrain several other decay modes can be as large as [l30—32
the angles and sides of thaitarity triangle [the unitarity — which is measurable at future experiments.
relation between the first and the third column of the A few years ago, Beneket al. suggested a QCDF for-
Cabibbo-Kobayashi-MaskawéCKM) matrix [23] of weak mula to compute the hadronic matrix elements
interactiong. This makes the search f@P violation in the  (M;M,|O;|B) in the heavy quark limit, combining the hard
B decays highly interesting. The problem is tiatmesons  scattering approach with power counting im§/[11] (where
oscillate at a high frequency and nonleptoBicdecays still  m, is the mass ob quark. At leading order of the heavy
remain elusive from observation. At present, only some wealjuark expansion, the hadronic matrix elements can be factor-
upper limits on branching ratios of several charmless hadized into perturbatively calculable hard scattering kernels
ronic decays are available, mostly from CERNe™ collider  and a universal nonperturbative part parametrized by the
LEP and SLAC Large DetectofSLD) experiments[24],  form factors and meson light cone distribution amplitudes.
such asBY—at 7™, 70%% nu®, 99, KK~ , 7K™, ... . This basic formula is valid foB decays into two light final
Unlike B, 4 mesons, the heavid, mesons cannot be stud- stateg11,33. We made a comprehensive analysis of exclu-
ied atB factories operating at th& (4S) resonance. How- sive hadronid, 4 decays using the QCDF approach to esti-
ever, it is believed that in the future at hadron colliders, suctmate the CP-averaged branching ratios ar@P-violating
as the Collider Detector at FermildiEDF), DO, DESYep  asymmetries for decayB, — PP [21] and PV [22] and
collider HERA-B, BTeV, and CERN Large Hadron Collider found that, with appropriate parameters, most of the QCDF
predictions were in agreement with the present experimental
data. In Ref[34] we do a global analysis @&, — PP,PV

*Email address: sunjf@mail.inep.ac.cn decays by comparing measurements with their corresponding
"Email address: zhugh@post.kek.jp. theoretical results and find that the QCDF approach is a
*Email address: duds@mail.ihep.ac.cn promising method for dealing with charmless two-bdgly,
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TABLE |. Wilson coefficientsC;(x) in the naive dimensional eratorsQ; can be expressed explicitly as follows:
regularization (NDR) scheme for ag(m;)=0.117, aem(Mmy)

= 1/128,my,=80.42 GeV,m,=91.188 GeV,m,=178.1 GeV, and QU= (Uubu)v- A(QpUp)v_n.
L _
= my/2 p=my =2m, Q1=(Caba)v-aldsCp)v-a,
NLO LO NLO LO NLO LO Q5= (Uubg)y-a(dgUa)y-a,
C, 1130 1171 1078 1111 1042 1071 .- - )
c, —0.274 —0.342 —0.176 —0.238 —0.102 —0.161 Q2=(Cabp)v-a(AgCalv-a,
Cs 0021 0019 0014 0012 0009 0.007
Ca —0.048 —0.047 —0.034 —0.032 —0.024 —0.022 Qs=(Tubulv- > (QYayv-a,
Cs 0010 0010 0008 0008 0007 0.006 v
Ce ~0.060 —0.058 —0.039 —0.037 —0.026 —0.023 @)
C,laem —0.005 —0.105 0.011 —0.097 0.035 —0.081 —(a.b =
Cs/aenm 0.086 0023 0055 0014 0.036 0.009 Qa=(dp "‘)V*A?’ (Qabp)v-a:

Colaem —1.419 —0.091 —1.341 —0.087 —1.277 —0.075
Cio/aem 0.383 —0.021 0.264 —0.016  0.176 —0.011

( 7
C77 —0.342 —0.306 —0.276 QS_(qaba)V—Ag (qﬁqﬁ)V+Aa
Caqg —0.160 —0.146 —0.133 (5)

Qo= (Apbalv-a2 (dup)vea.
decays. In this paper, we would like to apply the QCDF q
approach to the case 8f mesons.

This paper is organized as follows. In Sec. Il, we discuss = § a a.a’
paper Is org ! , we dis Q7= 5(Aubo)v-a2 &g (dApap)v-a,
the theoretical framework and define the relevant matrix el- q’
ements foB,— PP,PV decays. In Sec. Ill, we list the the- (6)
oretical input parameters used in our analysis. Sections IV 3 — —
and V are devoted to numerical results and some remarks on QS:E(qua)V*A%‘* €q'(dadplv+a,

CP-averaged branching ratios ar@P-violating asymme-

tries, respectively. In addition, theoretical uncertainties due 3 _ .

to variation of the inputs are investigated. In Sec. VI, we QQZE(Qaba)V—AE eq,(q;;q[’;)v_A,
q/

discussB,— K K ~,K°K? decays which could overconstrain

the penguin-to-tree ratiB .. /T, . of B— 7" 7~ decays and 3 @)
the CKM angley. Finally, we conclude with a summary in Q10=§(aﬁba)va2 eqr@yq’g)va,
Sec. VII. q
e _
Il. THEORETICAL FRAMEWORK FOR B DECAYS Q77: Frnb(:{ao.Mu(:|_+ ‘)’s)baF,w-
A. Effective Hamiltonian . ®)
Using the operator product expansion and renormalization g o
group equation, the low energy effective Hamiltonian rel- Qag=7— Mo 0™ (14 5)t55b5G5,
evant to nonleptoni® decays can be written &85] 87
Ge whereq’ denotes all the active quarks at scalee O(my):
Heti=—= 2 vgq] Ca() Q1)+ Ca ) Q) i.e.,q'=u,dscb.
\/E q=u,c
10 B. Hadronic matrix elements within the QCDF framework
+k23 Cil1)Qu(p) +C7,Q7y+ CgyQgq [ +H.C., To get the decay amplitudes, the most difficult theoretical

work is to compute the hadronic matrix elements of the ef-
(1) fective operators: i.e{M;M,|0;|B). Phenomenologically,

these hadronic matrix elements are usually parametrized into
whereuq:quVf;d (for b—d transition or uqzvqbvgs (for  the product of the decay constants and the transition form
b— s transition are CKM factors. The coupling§;(«) are  factors based on the naive factorizatifdF) scheme[36].
Wilson coefficients which have been reliably evaluated to theHowever, one main defect of the NF approach is that had-
next-to-leading logarithmic orddB5]. Their numerical val- ronic matrix elements cannot make compensation for the
ues in the naive dimensional regularizatitNDR) scheme at renormalization scheme and scale dependences of Wilson co-
three different scales are listed in Table I. The effective op-<efficients; in this sense, the NF results are unphysical. This
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indicates that “nonfactorizable” contributions to the had- not provide sufficient end-point suppression when the spec-
ronic matrix elements must be taken into account. tator quark in theB meson enters the final-state meson as a
The QCDF approach is one of the novel methods tosoft quark, so there appears infrared logarithmic divergence
evaluate these hadronic matrix elements relevaBtdecays [dx/x~In(m,/Aqcp). But there is no such problem within
systematically. In the heavy quark limit,> A qcp, to lead-  the PQCD approach by introducing the partonic intrinsic
ing power corrections imM ocp/m,, the basic QCDF for- transverse momentum and the mechanism of Sudakov sup-
mula is given by[11] pression to regulate the end-point singularities. So it is inter-
) esting to investigate the possibility of incorporating Sudakov
_ B—M; form factor into the QCDF approach, such[&3]. But it is
<M1M2|O‘|B>_; F fo dxﬂj(x)(I)Mz(x) controversial to invoke Sudakov effects for hadroBicle-
cays. For example, Descotes-Genon and Sachrajda studied
+(M1—=My) Sudakov effects in the form facto2 ™ of B— l v, de-
1 1 1 cays and claimed that the PQCD approach also could not
+f dgf dxj dyT'(£,x,y) make reliable predictions for such a kind of proc¢38].
0 0 0 Likewise, Wei and Yang's analys[89] indicated that Suda-
kov suppression is not efficient enough, and the validity of
X Pa(€) P, (X) P, (Y) the PQCD approach fdB decays is questionable. Here we
will bypass this problem and adopt the convention$2ay,
1+2 rhag treating the logarithmically divergent integrals phenomeno-
logically [see Eq.(28)].
For weak annihilation contributions, they are believed to
+O(Agco/ mb)}v (9 pe very small with the naive factorization assumptisee,
for example, Ref[15]). Within the QCDF approach, the
weak annihilation amplitudes are formally suppressed by
whereT!""" denote hard scattering kernels. At leading order(foMl)/(FBﬂMlmé)NAQCD/mb with the power counting

of a5, Ti=1, T'=0, the QCDF formula(9) shows that ansatz of Ref[11]. But as emphasized {f14,40,41, annihi-
there is no long-distance interaction betweenMemeson  |ation contributions with QCD corrections could give poten-
and BM,) systemgwhereM denotes the meson that picks tja|ly large strong phases; hence, la@e violation could be
up the spectator quark in th& meson and reproduces the expected. In addition, phenomenological investigations of
NF results. Neglecting the power corrections of decays[20—27 within the QCDF framework also suggest
O(Agcp/mp), T are hard gluon exchange dominant and,that their effects could be sizable when large model uncer-
therefore, calculable order by order with perturbation theorytainties are considered. So annihilation contributions cannot
Nonperturbative effects are either suppressed by, b pa-  be simply neglected. In this paper, we follow the treatments
rametrized in terms of mesons decay constants, fornin[20]to estimate the annihilation effects, including the con-
factors F®~Mi, and meson light cone distribution tributions of chirally enhanced twist-3 light cone distribution
amplitudes®g(£),Py(x). The factorized matrix elements amplitudes. It is also interesting to notice tha0—27 weak
(M1M,|J;®J,|B)r are the same as the definition of the annihilation contributions exhibit end-point singularities
Bauer-Stech-WirbelBSW) approximatior{36]. Through the  even at leading twist order of light cone distribution ampli-
QCDF formula, the hadronic matrix elements can be sepatudes for the final states. Similar to the case of twist-3 hard
rated into a short-distance part and a long-distance part, argpectator scattering kernels, these infrared divergence can be
the renormalization scheme and scale dependences of tparametrized phenomenologically, with the price of introduc-
hadronic matrix elements can cancel those of the corresponéhg extra theoretical uncertainties and model dependence.
ing Wilson coefficients, so that physical results are—at least In summary, the hadronic matrix elements for two-body
at the order ofus—renormalization scheme and scale inde-B, decays can be written as
pendent[33]. Through the QCDF formula, “nonfactoriz-
able” effects can be evaluated, and partial information about (MM | He 44| BS>=Af(BS—>M1M2)+Aa(BS—>M1M2),
the final states interactions and the strong phases can be ob- (10)
tained.

It is important to note that some power suppression might . Ge 10
fail in some cases because thejuark mass is not asymp- A (Bs—MMy)= T > 2 veal

X ) 2 q=uci=1
totically large. For example, the power correction propor-
tional to 2m§/(mym,) with gq=u,d,s, which is formally X(M{M5|J;®J5|Bg), (11
power suppressed, is now chirally enhanced and numerically
important to penguin-dominatel8l rare decays. Therefore it G
is necessary to include at least the chirally enhanced correc- 43(B,—M M) - > D fefu.fu vgbi, (12
tions consistently for phenomenological application of the g=uc | b
QCDF approach i decays. However, it is shown 20,33
that for B—PP decays, the contributions of twist-3 light Where A® represents weak annihilation contributiorfg,
cone distribution amplitudes to hard scattering kernels canand f,, are decay constants f@,, andM mesons, respec-

=(MM,|J;®3,|B)¢
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FIG. 1. Dependence of the coefficie@gKK) (vertical axeg on the renormalization scaje (horizontal axes, in units of Geywith
asymptotic meson light cone distribution amplitudes and the default values of inpiel) Ithe solid line denotes Ra{) within the NF
framework; the dotted and dashed lines denotealR¢(and Rey) within the QCDF framework, respectively. (a2), the solid and dashed
lines denote Img}) within the NF and QCDF framework, respectively. Coefficieatisandaj; x 10° versus scalg are shown ir(b) and(c),

respectively. In(d), the solid and dashed lines denaigx 10°, and the legends are the same a&jnwhile the dot-dashed and dotted lines
showagr , X 10® within the NF and QCDF framework, respectively.

tively (M can be either pseudoscalar me$bar vector me- A. CKM matrix elements
sonV). The explicit expressions of amplitudes’? for B The Wolfenstein parametrizatidd2] is widely used for
—PP,PV are listed in Appendixes A,B,C,D. A summary of the CKM matrix, which emphasizes the hierarchy among its
the dynamical quantitieg; ,b; is given in Refs[20-22. elements by expressing them in terms of powers\of
= |Vus|:
lIl. INPUT PARAMETERS 1-2%2 N AN(pin)
Vekm= -\ 1-\?2 AN?
Within the QCDF approach, the theoretical expressions of AN3(1—p—in) —AN? 1
decay amplitudes depend on many input parameters includ- 4
ing the standard model parametdmich as CKM matrix +OMT). (13)

elements, quark masgeshe renormalization scalg, non-

perturbative hadronic quantiti€such as meson decay con- The values of four Wolfenstein parameters (\, p, and7)
stants, form factors, and meson light cone distribution ampli&re given by several methods from the best knowledge of the
tudes, and so on. If quantitative predictions are to be made€*Perimental and theoretical input®r example, see Table
these parameters must be specified. Using the renormaliz})- Of the four CKM parameters is to the accuracy of 1%.
tion group equations, it has been displayed38] that the ~ Within one standard deviation, the results &, (o, and )
dynamical quantitiesy; are renormalization scale indepen- from different approache24,43—43 are virtually consistent
dent at the order ofr,. The numerical results if20—23 Wlth_each other. In this paper, we shall take the values of
also show that the renormalization scale dependence h&&rticle Data Group 2002 dafa4] as the CKM parameter
been greatly reduced compared to the NF results. To illusinputs: i.e.,\ =0.2236+ 0.0053, A=0.824+0.056, p=p(1
trate this point, the dependence of coefficien(¥K) onthe ~ —\?%/2)=0.22+0.10, »=7(1—\?/2)=0.35-0.05, andy
renormalization scalg. is shown in Fig. l(wherea;=a; =arctan%=(59i 13)°.

+a, anda; | contains the NF contributions and vertex and  However, it is not the right time to draw definite conclu-
penguin corrections, while; ,; arises from the hard specta- sions on the parameteps %, andy. Some interesting hints
tor interaction$ It is believed that the residual scale depen-seem to favory=90°, which is in conflict with the data in
dence should be further reduced when higher order radiativ@able Il. For example, it is possible to put a constraint on the
corrections were considered. In the following, the QCD co-angle y from a global analysis oB decays. Neglecting an-
efficientsa; | will be evaluated at the fixed scajeg=my. nihilation contributions, Bargiottt al.[46] obtain the bound
Notice that hard spectator scatteriag, and weak annihila- |y—90°|>21° at 95% C.L. fromB— K= decay rates and
tion coefficientsb; should be evaluated at the scale of CPasymmetries with S(B) symmetry. Beneket al.[20,47]
VmpA 4, [20]. Other parameters are discussed below. make a global fit ofB— 77, K7 decays with the QCDF
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approach, and their fit tends to faver-90°. We extend the . i
work of Benekeet al. [20,47 to include allB—PP,PV Olay,ysal 7 (p))=—=f1 )P,
channels; the best fit of our global analysis giwes0.22, 2
A=0.82, p=0.086, »=0.39, andy=78.8°[34]. For com-
parison, we shall also take the above values as the CKM
matrix inputs.

(0[sy, 78| 7 (p)=if 5Py (19

(Ouysul ") _ fl:,(r)

B. Quark masses (0[syss| 7)) fj,(/),
There are two different classes of quark masses. One type 2
is the pole mass for constituent quarks, which appears in the 5 (1) M0 s u
; . ; W (Olsyss| 7)) =—i 5 —(f,0)=F,0), (20
penguin loop corrections with the functior@y(s,) and Mg

Gu(sq), Wheresy=m3/m? . HereGy(s,) andGy(s,) give )
partial information of strong phases, and its definitions can fu=_% cos¢, 5= —f sing, ng’/: —sin ¢|:gsvs§'
be found in[20]. In this paper, we take 72 7
(21
my,=mg=mg=0, m.=1.47 GeV, my,=4.66 GeV.
(149 f ' ',
U =—3sing, f°,=fscosp, F5" =cosgF s,
. . 7 \/E 7 0 0
The other is current quark mass which appears through the
equations of motions and is renormalization scale dependent. (22)
Their values ar¢24] where ¢ is the »-n’ mixing angle. The numerical values of
decay constants and form factors used in this paper are col-
lected in Table III.

In this paper, we consider the contributions from chirally
enhanced twist-3 light cone distribution amplitudes of a light
53(2 GeV)=(105+25) MeV, (16) p_seudoscala_r mes !As to vector mesons, _only the longitu-

dinally polarized twist-2 terms are taken into account, and
the effects from higher twist parts are neglected because they
are power suppress¢@l]. In our calculation, we shall take

. . . . their asymptotic forms as default inputs, as displayed in
Here we would like to use their central values for dlscussmn[202275a: i.e., for a light pseudoscalar meson, we have

Using the renormalization group equation, their correspond=
ing values at the scale gi=O(m,) can be obtained. Be- — ifp (1 (k- 2+ xk-20)
cause the current masses of light quarks are determined with (P(K)|a(z2)a(z,)|0)= Tfo dxet 2
large uncertainties, for illustration we take

%[ﬁ,(z GeV)+my(2 GeV)]=(4.2-1.0) MeV, (15

mp(Mp) = (4.26+0.15+0.15) GeV. 17

Kys®p(X)— upys

Zmﬁ 2up () fu(/) X
r = 2F7T2FK:I‘;’ 1—- -2~ ’

XT o~ — x~ 'x s
mb( ms+ mq) my f 7(1)

o , Pp(x)
(18 X| Pp(x)— 0, k2" —¢ H

which is numerically a good approximation. Note t}nﬁi/) (23

= —
=m_ »/ (Mpms). . . _ =
twist-2 asymptotic forms:® p(x) =6xX,

C. Nonperturbative hadronic quantities twist-3 asymptotic forms:dbg(x): 1
Nonperturbative hadronic quantities, such as meson decay _
constants, form factors, and meson light cone distribution DP(x) =6xXx, (24)

amplitudes, appear as inputs in the QCDF form(@a In

principle, information about decay constants and form fac-

tors can be obtained form experiments and/or theoretical es=———

timations. Now we specify these parameters. In this paper,iThe asymptotic form of leading twist distribution amplitude is
we assume ideal mixing between and ¢: i.e., w=(uu valid for u—oe. For finite values of the renormalization scale, it is
+ da)/\/i andfﬁ:SE As to 7 and ', we take the conven- conventional to employ an expansion in Gegenbauer polynomials:
tion in [15,31,48, using the Feldmann-Kroll-Stech mixing > .

scheme for the decay constants, but neglecting the charm CI)p(X)=6X;<{1+2 a()CEA(x—=x)|.

qguark content inp and " mesons, and the flavor singlet =

contributiong 49] to the decay amplitudes which might need The Gegenbauer moments() are multiplicatively renormalized.
further discussions are not considered here: In the later discussion, this expansion is truncated=ag.
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TABLE Il. The values of the Wolfenstein paramet&s\, p, and ».

Refs. [43] [44] [45] [24]

A 0.2237:0.0033 0.222%0.0041 0.2216:0.0020 0.2236:0.0053
A 0.819+0.040 0.763~0.905 0.8310.022 0.824+0.056
P 0.224+0.038 0.07-0.37 0.173:0.046 0.22:0.10

7 0.317+0.040 0.26-0.49 0.357-0.027 0.35:0.05

y (54.8+6.2)° 37°~80° (63.5-7.0)° (59+13)°

@Determined from the measurements|df,j = 0.9734-0.0008 andV,4=0.2196+ 0.0026.
PA= |V pl/\, and|V¢p| = (40.6+0.8)x 1073 [45], (41.2+2.0)x 10 2 [24].

wherefp is a decay constanz=2z,—z;, andx=1-x. In Ref. [34] we made a global analysis &, q—PP,PV
For a longitudinally polarized vector meson, we havedecays using thekMFITTER package44] and obtained the
[52,53 best-fit values of theoretical inputs including, . It should

be reasonable to assume that for B, 4 decays is equal to

that of B decays. Therefore, in numerical calculations, we

_ ez
(0[a(0)y,.a(2)[V(k,\)) = Ku e fvmy take their default values as

1 )
Xfo dxe ™€20|(x), (25  decay modes on by oal34 Pa[34] Ay [20]

o B.—PP 0 0 0.5 10° 0.5 GeV
twist-2 asymptotic forms:CDQ,(x) =6XX, (26) B,—PV 0 0 1.0 —30° 0.5 GeV

wheree is the polarization vector, ang=k/m,, .

The light cone distribution amplitudes 8 meson is less where @@y ,¢y) and (@, ¢) are related to the contribu-
clear. But it is intuitive that at the scale af~O(m;) and  tions from hard spectator scattering and weak annihilations,
smaller, the distribution amplitudes of tBameson should be respectively.
very asymmetric because the spectator quark irBthgeson
is not energetic. Fortunately, th® meson light cone distri- IV. BRANCHING RATIOS
bution amplitudes appears only in the integral of hard spec- i .
tator scattering kernels within the QCDF approach; there- 1h€ branching ratios for charmlegg— PP,PV decays
fore, for phenomenological analysis, we do not need to know? Bs meson rest frame can be written as
the explicit expression of thB meson wave function. Here,

. . .. TBS
we would like to parametrize this integral E20] BR(By—M;M,)= o @|A(Bs—>M1M2)|2, (29)
m
Jldgcp =78 \a=(350:150 MeV. (27) -
L EPeO=3"0 \e=(350£150 MeV. where
For the logarithmic divergence appearing in the hard specta- \/[mZBS—(mM1+ mMz)z][més—(li—mMz)z]
tor scattering and annihilation contributions, we will follow Ip|=
the parametrization of Ref20]: 2mg_
(30)
1dx : m, L
X=f 72(1+ Qe"/’)InA—, o<1, 0°=s¢$=<360°. The lifetime and mass fdBs meson arerg =1.461 ps, and
0 h 28) mp_=5369.6 MeV[24]. Formally the mass scale of light fi-

nal states is of the order dfqcp in the heavy quark limits,
TABLE lIl. Values of meson decay constants, form factors, andand power corrections of ordéYocp/m,, could be consis-

n-n’ mixing parameters. tently neglected within the QCDF framework if there is no
chiral enhanced factor, §p|=mg /2.
ngK 0.274 [28] f, 131 MeV [24] fx+ 214 MeV [15] The numerical results @@P-averaged branching ratios for
FBss 0.335 [28] f, 160 MeV [24] f, 210 MeV [15] B, decays are listed in Tables I\_/ and V. We have evaluated
0 the vertex and penguin corrections at the scalgzefmy,

pBorg; 0282 [28] fq 1.07f. [48] f, 195MeV [15]  while hard spectator scattering and weak annihilation contri-
0 . .
X butions at the scale qf,,= ymy,A,. Two sets of input values
BSK . . .
Ao 0.236 [28] fs 134f, [48] f, 233 MeV [15] of CKM parameters are used for comparison. The numbers
Ags¢ 0.272 [28] ¢ 39.3° [48] fg 236 MeV [50] in theBR1 columns are calculated within the NF framework:
i.e., kernelsT'=1 and T"'=0. The numbers in th&R2
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TABLE IV. The CP-averaged branching ratigs the unit of 10 ®) of decaysB.— PP calculated with
the default input parameters. The numbers in columns (&eB the text for their meaningare computed

with A=0.824,\=0.2236,p=0.22, =0.35, andy=59°, while the numbers in columns 6—9 are com-
puted withA=0.82,A=0.22, p=0.086, »=0.39, andy=78.8°.

NF QCDF NF QCDF

Decay

modes BR1 BR2 BR3 BR4 BR1 BR2 BR3 BR4

B2 KOKO 8.452 11.99 10.94 25.03 7.746 11.00 10.03 22.95
S

BO KOO0 0.187 0.120 0.271 0.356 0.243 0.144 0.341 0.484
S

BO KO 0.107 0.047 0.159 0.170 0.123 0.054 0.167 0.193
s n

§g_,|<07]' 0.429 0.434 0.953 1.544 0.391 0.480 0.889 1.540

§S—> w070 — — — 0.051 — — — 0.050

BY 70 0.052 0.065 0.052 0.056 0.058 0.061 0.059 0.059
s n

B 70/ 0.055 0.069 0.053 0.051 0.061 0.064 0.062 0.063
s 7

§2H nn 4.363 6.505 5.160 11.64 3.901 5.957 4.625 10.54

§S)_> ' 8.944 11.44 15.77 30.24 8.176 10.49 14.42 27.61

Eg_, 77 4.589 4.967 13.50 27.53 4.293 4.573 12.58 25.55

B KT 9.633 10.58 9.292 9.683 7.304 7.943 6.963 7.045
S

§S—>K+K’ 6.729 9.652 8.884 21.41 7.582 10.58 9.699 22.14

§S—> ot — — — 0.101 — — — 0.099

columns are calculated within the QCDF framework andannihilation contributions could be sizable=60%) for
BR2x|.Af|2, but without contributions from hard spectator these decay channels. For thobe-d transition decay
scattering interactions and annihilation topologies: i.e., coefmodes, such aBs—K®*)* 7% K*p*, they area; dominant
ficientsa;=a; |, a;;;=b;=0. The numbers in thBR3 col- which receives small radiative C(_)rrections, so the numbers in
umns are calculated within the QCDF framework, incIudingTab|es IV and V show no large difference between the results

chirally enhanced hard spectator scattering contributions, biftf the QCDF approach and those of the NF approach.

without annihilation effects: i.e.,BR3x|A'|?, a=a,, (iii ) There are hierarchies among some decay modes, such
+a; ), bj=0. The numbers in thBR4 columns are calcu- S
lated within the QCDF frame\_/vork, inc_ludi_ng chirally en- BR(§2—>K*K’)>BR(§S—>K+K*’)
hanced hard spectator scattering contributions and annihila-
tiocr; effects: i.e.,BR4x| A"+ 432 Some remarks are in >BR(BY—K K* "), (31)
order.
(i) Only several interesting decay modes with large BR(BY—K°K%>BR(B?—K°K*?)
branching _ratios, such as B, .
—KEK K =77 K=p™, 75" might be observed in >BR(BV—KOK*?), (32
the near future. Branching ratios of other decay modes are
small, not exceeding 210 6. Especially for decays, BR(§S—»K+7T‘)>BR(§2—>K*+7T‘). (33

(r) (1) (1) ibuti
—an'),wd,pn'’),0n'’’ whose tree contributions are sup- . .
pressed by both CKM factor and color, and penguin Contri_There are two reasons for the above relations. One is that the

butions which are electroweak coefficieny dominant, their penguin contributiqns are important or even dominant for

CP-averaged branching ratios are very small arounc}hese decays. Their ddecay arEplltudes involve the QhCD pen-
- ’ 2o gui ters, andag in the form ofa,+Rag, where

O(1077). As to these power-suppressed pure weak annihilad!!n Parametersy 6 B 4 '

tion decays, such &,— 7, 7p, mw, their branching ratios R>0 for .BS_’PP decays, and_%_—O (R<0) .for Bs—PV

are extremely small, aroun@(10~8). decays withB— P (B— V) transition, respectively, as stated

(i) For thoseb—s transition decay modes, such B in [31]. The other is for the second inequality of E{al)oand
— 7 7p") K&K, their tree contributions are CKM sup- Eq. (32); it is simply due to the fact thath*FfSHK
pressed, so penguin contributions are either competitive with B K* . .
the tree part or even dominant in the decay amplitudes. Sinc?fKAOS - The nu.men(.:al results in Tables IV and V'con-
“nonfactorizable” effects contribute a large portion to pen- firm the above relations in general. Here we would like to
guin coefficientsa, s, the predictions of QCDF are substan- POINt out that because the weak annihilation parameters
tially larger than those of NF. In addition, the annihilation A3(P,V)=—A3(V,P) (the definition ofA; can be found in
coefficientsb, and/orb, contribute to these decay ampli- [20,22) and the combination db; +bs (or b3+ 2b,) is de-

tudes, and the numbers in Tables IV and V show that weaktructive for decay82—K*K* ~ (or K°K*®) and construc-
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TABLE V. The CP-averaged branching rati¢® the unit of 10 ®) of decaysB,— PV calculated with the
default input parameters. The captions are the same as in Table IV.

NF QCDF NF QCDF
Decay

modes BR1 BR2 BR3 BR4 BR1 BR2 BR3 BR4

B KOK*O 2178 3115 2428 6788  1.996  2.860  2.229  6.233
B KOK*O 0.364 0512 0715 5778 0334 0469  0.655  5.295
BO K K*~ 1.831 2461 1985 5277 2614 3395 2763  6.555
BUKK* 1175 1463 1631 7748 0803  1.001  1.127  6.041
B p — — — 0.014 — — — 0.010
B p — — — 0.014 — — — 0.010

B KOp? 0.369  0.080 0575 0596 0350 0075 0529  0.650
BY— K% 0421 0149 0639 0745 0291 0139 0480  0.519
BY_ KO 0.027  0.047 0078 0340  0.033 0058  0.096  0.413
BO_ 70K 0.135  0.044 0208 0301 0094  0.040 0148  0.211
B0 700 — — — 0.014 — — — 0.010
B %) — — — 0.002 — — — 0.002
BV % 0.086  0.106  0.085 — 0.095 0100  0.096 —
B 7K*O 0119 0107 0148 0353 0165 0129 0196  0.514
B /' K*© 0.064  0.024 0172 0234 0044 0019 0123  0.176
B p° 0121 0151 0122 0130 0135 0142 0139  0.137
BO— /0 0128 0160 0126 0123 0143 0150 0148  0.153
B~ yw 0.037 0010 0025 0006 0047 0009 0017  0.005
By w 0.040 0010 0040  0.075 0050 0010  0.027  0.051
BY— ¢ 0.286 0417 0088 0166 0240 0385  0.084  0.166
BY— 7' ¢ 0.002 0134 0149 0024 0003 0120 0155  0.028
BY K p- 2368 2560 2238 2285  19.00 2045  17.92  17.77
BO o K* 6.641  7.098 6233 6197 5696 6116 5412 5737

tive for decaysB2—K K** (or K°K*?), large contribu- QCDF approach including the digluon fusion mechanism can
tions from weak annihilation topologies might affect the give a good explanation of the experimental data. But most
above hierarchies. recently, Beneke and Neubert discussed in detail the exclu-
(iv) It is interesting to note tha.— 5{") (") decays have sive B, 4— n"’K*) decays using the QCDF approget9).
large branching ratios. In fact, their ) counterpartB, 4  They found that it is not the digluon fusion mechanism, but
— K%' has been reported to have the largest branching ratidfie constructive or destructive interference of nonsinglet

among the two-body charmless radBadecays: penguin amplitudes playing the key role in exclusiBe
— 7" )K*) decays. In their paper, a new kind of parametri-

. . IBﬂ(r) hich i ial

decay modes CLE(Q54] BABAR [2] Belle [6] zation is proposed for the form factb which is crucia

to qualitatively account for the large experimental measure-
BR(By—Ksn')x10° 89718+9 42'133+4 55'12+8  ments. But this point might need further investigation. In this
BR(B,—K*7')x1(® 89"°+9 70+8+4 79'12+9  paper, we simply consider the conventional contributions to
Bs— 7" 7") decays, while leaving further discussions to

future work.

The surprisingly large branching ratios fér, .—K»' de- (v) Generally speaking, the numerical results of the
cays have triggered intense theoretical interéstg, for ex- branching ratios oBg decays are dependent on the input
ample, Refs[55-58). It is generally believed that this prob- values of the CKM matrix parameters, but it is clear that
lem is related to the axial anomaly in QCD, but theonly thosea;-dominatedb—d decays and those with large

dynamical details remain unclear. In Ref§7,58, the di- interference between tree and penguin contributions, such as
gluon fusion mechanismy(’ couples to two off-shell gluons, B—K*z*, K*K®*)¥  are sensitive to the CKM angle.
one from the spectator quark, the other from theuark Of course, theoretical uncertainties from input parameters

decay vertexwas proposed to account for the large branch<(such as the CKM matrix elements, light quark masses, form
ing ratios ofB, yq—K#'. Itis further shown if17] that the  factors, meson light cone distribution amplitudes, and so on
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100 125 150 175

()

FIG. 2. CP-averaged branching ratios of dec8y—K*K™ (vertical axes, in units of 1°) versus the renormalization scaje
(horizontal axes, in units of GeV, and the scalg= /A for contributions from chirally enhanced hard spectator scattering and annihi-
lation interactions in (a), the form factor F?SHK in (b), the light quark massmg(2 GeV) [in units of MeV, and keeping
aq(Z GeV)/my(2 GeV)=4.2/105 fixed in (c), and the CKM angley (in units of degregin (d)—(h), respectively. The legends on lines and
bands are explained in the text.

should be taken into account when discusdgglecays. For dot-dashed lines and dark bands denote the resulBRdf:

B, 4 decays, it has been investigated in detail in REZ§—~ i.e., including contributions from chirally enhanced hard
22]. In Figs. 2-5, we show the dependence of BB-  spectator scattering and annihilation interactions. The gray
averaged branching ratios of decaBs—K* K™, K= 7™, bands in Fig. 3 are the overlapping part of the light and dark
K°K°, and #*7* on input parameters. In each plot, the gray bands. The bands in Figtd) denote the uncertainties
solid lines denote the results BR1 with the NF approach: from parameters\g, and the Gegenbauer moments of the
i.e., kernels oﬂ'i' =1, TiII =0. Other lines and bands denote twist-2 light cone distribution amplitudes of final stafegre

the results within the QCDF framework. The dotted lines andrig. (#d) means Fig.(d) in all Figs. 2-5; it is the same
light gray bands correspond to the result8di2: i.e., with-  below]; the bands in Fig(#e) denote the uncertainties from
out contributions from chirally enhanced hard spectator scathe CKM elements, \, and|V,,|; the bands in Figs(#f)
tering and annihilation interactionsy=a;,, a;;;=b;=0.  and(#g) correspond to the uncertainties form parameters of
The dashed lines denote the resultsBd®3: i.e., including Xy and X,, respectively; the bands in Fig#h) denote the
the corrections of chirally enhanced hard spectator scatteringyverall uncertainties: i.e., the combinations of Fig$a)—

but without annihilation effectsaj=a; |+ 4a;,,, bj=0. The  (#g). We assign a 10% uncertainty to form factor and light

25 50 75 100 125 150 175

(d)

25 50 75 100 125 150 175 25 50 75 100 125 150 175 25 50 75 100 125 150 175 25 50 75 100 125 150 175

FIG. 3. CP-averaged branching ratios of dedBy—K ™z~ (vertical axes, in units of 1(F). The legends are the same as in Fig. 2.
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FIG. 4. CP-averaged branching ratios of decBy— KOKO (vertical axes, in units of 1¢). The legends are the same as in Fig. 2.

Bs~K=0.250-0.300, my(2 Gev) are suppressed by eithet or Agcp/my, within the QCDF

quark  masses, F, Dy el I
=90-120 MeV [keeping the ratio of light quark masses framework, but in principle, these uncertainties could be re-
— duced by the ratios of branching ratios. In addition, uncer-

fixed, Eq(z GeV)/my(2 GeV)=4.2/105]; the regions of tainties f tors of. . G b tﬂ?]ﬂ
other parameters are scale=2—10 GeV for coefficients of ainties form parameters olg, -egenbauer momen
are also largésee Fig. 3.

a;, (the corresponding scalg,, for a;,, andb; is JuA . .
[2|'(|)])(, |Vub|=(3l.o6i0.7§]>< 10‘gh[24], éin the IGegelr:l“barljer Q') For those penguin dominant decays, such Eas
moments aT=0_34_,0_3, agzo_lio_& aT™=0, a7=0.1 —KOK?®, and those with a large interference between tree
+0.3[20]. A number of observations are in order. and penguin contributions, such Bs—K~K™, the power-

(i) From Fig. (#a), we can see that the renormalization suppressed annihilation contributions are important which
scale dependence of the QCDF results without weak annihiead to a large renormalization scale dependence, but uncer-
lation (dotted and dashed linedias been greatly reduced tainties from parameteX, are also sizablésee Figs. 2 and
compared to their corresponding NF counterpé&blid  4).
lines). The weak annihilation contributions are renormaliza- (iv) Bc— =" 7~ decay is a pure annihilation process. Its
tion scale dependent and bring large uncertainties, althoughmplitude is free from transition form factors and hard spec-
they are power suppressed within the QCDF framework. tator scattering corrections. Hence the dominant theoretical

(i) Fora,; dominant decays, such Bs—K=* =", thereis  uncertainties come from the annihilation parameterXaf
an obvious difference between the result8&2 andBR3. and the renormalization scalsee Fig. 5. Experimentally, it
The CKM elements and form factor can bring large theoretis worth searching for such a pure annihilation process which
ical uncertainties because “nonfactorizable” contributionsmay be helpful to learn more about the annihilation mecha-

FIG. 5. CP-averaged branch-
ing ratios of decayBg—w= 7"
(vertical axes, in units of 10).
The legends are the same as in
Fig. 2.
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nism and to provide some useful information about final statehe CP-violating asymmetryAcp should be very small be-

interactions. causea, anda., . in Eqg. (36) are strongly suppressed by
(v) From Fig. (#h), we can see that there exists sizabIe1/x§ and 1%, respectively.
theoretical uncertainties, which make it nontrivial to extract (i) Case Il BY—(f,f)—BY, for example,

helpful information on the CKM matrix parameters. But the
uncertainties from the hard spectator param#igrare very
small—Fig. (#f). Thosea,-dominatedo—d decays, such as
B.— K™ 7", and those with a large interference between tre
and penguin contributions, suchBs—K*K*, are sensitive
to the CKM angley. These channels are predicted to have ~Tgt
large branching ratios and should be observed in the future. F(Bg(t)—>f)=

Bs— (K2K* O KIK*0), (KT K* ~ K"K**), (m*p~,m p").
Analogous to the notation fdB4 decays in[15], the time-
éjependent decay widths for this caseBgfdecays are written

(lgl*+[h[»)[1+a. cogAmgt)

V. CPASYMMETRIES tTacie SIN(AMgt)], (38)
CP-violating asymmetries foBg decays have been stud- ~Tgt
ied in [29]. In this paper, we shall evaluate them with the ['(B(t)—f)= ° (|g]2+|h|»)[1—az cogAmgt)
QCDF approach. In principle, calculations of theP- 2 s
violating asymmetries foBg are similar with those foBy —a_. o sifAmg 1)] (39)

decays. As a result of flavor-changing interactioﬁg,and

Bg can oscillate into each other with time evolution. The _ elst

time-dependentP asymmetryAcp for B decays is defined ~ T'(BY(t)—f)= 5 (lgl*+|h[*)[1+ag cogAmg 1)
as

_ taci o sifAmgt)], (40)
(Bt —H)—T(BAt)—T)
Acpl(t) = —=———= . . (34) B o Tt
F(Bs()—H)+I'(Bs(t)—1) FB%t)—hH=—5—(lg]*+|h*)[1-a. cogAmg )
As discussed previously in Refs15,21,23, the B —a,. . sin(Amg )] (41)

—PP,PV decays can be classified into three cases accord-
ing to the properties of the final states.

(i) Case 1:B2—f, BY—f, but B34 f, BY-4f, for ex- B B
ample, B2—K*p~, 7 K**, ..., the CP-violating asym- g=ABY0)—f), g=AB0)—T), (42
metry for these decays is time independent,

where

h=A®BY0)—f), h=ABY0)—T), (43)
r(BY—f)-I(B'—f)

(35  and, withg/p=VVi,/ViVip,

BT+ (B 1)
. — o |g[*~|h[? a _ —21Im[(a/p)X(h/g)]
i . — = «— €T T o L1 ete ’
(||i) CIaS((a’) I(I;) Bs—(f f). BS., for example, .BS FESNE 1+]|h/g|?
—K=K*, 75\ ..., the time-integrated CP-violating (44)
asymmetry for these decays is
__|nP=]gf? __—2Im[(a/p)*(g/h)]
1 Xs Qo= =0 =7, et ™ — :
Acp=— a0+ ——a.., (36) [h[*+]g] 1+|g/h|
1+xg 1+xg (45
) Our numerical results of théP-violating asymmetries for
a /:1_|)‘CP| ,:_2 Im(Acp) B,—PP,PV decays are listed in Tables VI-IX, which are
T ) WA A N W calculated with two sets of CKM matrix parameters within

the QCDF framework. The numbers in thg,, a., .», and
Acp, columns are computed with amplitude’ and its cor-
, (37) respondingCP conjugate partst ', but without contributions
ViV A(B(0)—f) from hard spectator scattering interactions and annihilation
topologies: i.e., coefficients=a; |, a; ;,=b;=0. The num-
where a,, and a., . are direct and mixing-induce@P-  bers in thea, 3, a., .3, and.Acpz columns are computed
violating asymmetries, respectively. The mixing parametefyith amplitudes.A” and A", including chirally enhanced
Xs=Amg /TI'g_is considerably large for th&s system,Xs  hard spectator scattering contributions, but without consider-
>19.0 at 95% C.L[24]. In our calculation, we shall take the ing annihilation effects: i.e.aj=a;,+a;,, bj=0. The
preferred value in the standard models=20 [59]. Clearly, numbers in thea, 4, a.s .4, and Acps columns are com-

ViV, ABY(0)—T)
CcP—
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TABLE VI. The CP-violating asymmetry parameteas, anda., .. for B.— PP decays(in units of percentwith the QCDF approach,
using the default input parameters. The numbers in columns (Be& the text for their meanipgare computed withA=0.824, \
=0.2236, p=0.22, »=0.35, andy=59°, while the numbers in columns 8-13 are computed With0.82, A\=0.22, p=0.086, 7
=0.39, andy=78.8°.

Modes ) Aer3 ! Qerer2 Qerer3 Qerera Qe L Aera Qerer2 Qerer3 Qerera

B— KOk® —0.890 —0.934 -—0.616 3.380 3.373 3.459-0.971 —-1.019 -0.672 3.662 3.655 3.749
B—K2m® —67.36 —42.99 —4596 —59.38 —8.221 —45.20 -56.18 —34.21 -—33.79 —67.41 —64.41 —82.90
BSHKgn —91.79 —34.86 —42.02 —31.66 47.26 25.62 —80.61 —33.19 —-37.01 —-53.37 —20.96 —40.51
B— K3’ 58.20 38.50 32.86 —44.56 —5.939 —24.27 52.61 41.33 32.99-51.35 —9.621 —27.72
Bs— m0m — — ~0 — — —13.20 — — ~0 — — —13.85
B—w’y —19.61 —24.43 —2423 —1.895 —47.90 —28.43 —20.90 —21.71 -23.25 —2.837 —48.02 —29.99
B—m’y —19.61 —2514 —2459 —1.895 —56.44 —70.43 —20.90 —2159 -19.95 —2.837 —55.64 —67.73

B 77 1425 2538 1571 3829 9317 6.693 1558 2834 1737 4150 1020  7.296
B.—7ny ~ —0.833 —0627 —0440 3.348 4287 4659-0.909 —0.687 -0482 3.628 4.655 5063
Be7'n’ —3.490 —-2196 -1608 2479 —0.553 0414 —3.795 —2.360 —1.734 2656 —0605  0.441
B.—K*K*® -6978 -7.101 -4.318 —42.09 -40.99 -27.24 —6.371 —6512 —4.180 —41.84 -40.84 —27.83
e — —  ~0 — — 1320 — —  ~0 — —  -1385
puted with amplitudesA’+.42 and AT+ A3, including dominant decays, such &— K% K27, ... . In addi-

chirally enhanced hard spectator scattering contributions antion, the numbers in Table VII show that tl&P-violating

annihilation effects. A number of observations are in order. asymmetries of those decays are strongly affected by the
(i) From Tables Vil and IX, we can see that, as expectedcontributions of chirally enhanced hard spectator scattering

as a result of the large parametey suppression, th€pP- and annihilation interactions.

violating asymmetryAcp for those case-ll decay modes is

indeed very small, not exceeding 5% If we assume that thB§—§2 mixing phase is negligible or
, 0.

(i) From the QCDF formula, Eq(9), we know that g/p= 1, itis possible to extract the weak angteor 8 from

“nonfactorizable” contributions are either at the order«af measurements c@P—on_atlr:)g_%symmetrles foBs decays.
or power-suppressed imMocp/m,, so the direct CP- Unfortunately, very _raplst—Bs oscnlatl_ons are expectgd
violating asymmetriesdcp for thosea; dominant decays, due to the large mixing parameteg, which makes experi-
such asB,—K*)* 77 K*p™, should not be large because mental studies of th€P violation in theBs meson system
of the small strong phases. The dir@®-violating asymme- difficult, and only bounds on few decays modes are given for
tries for pure annihilatio, decays are near zero within the the moment. In addition, there exist large theoretical uncer-
QCDF framework. tainties. Within the QCDF approach, the subleading power
(iii) From previouB— PP,PV analysig21,27 and Fig.  corrections in Ith, might be as important as the radiative
1, we know that “nonfactorizable” effects contribute a large corrections numerically becausg, is large but finite. So the
imaginary part to the coefficients, , 5 hence, there might QCDF approach could only give the order of magnitude of
be large directCP-violating asymmetries for those,,¢ the CP-violating asymmetries, as stated|[22].

TABLE VII. The CP-violating asymmetry parameteas, anda. .. for Bs— PV decays(in units of percentwith the QCDF approach;
the captions are the same as in Table VI.

Modes A2 Q3 Qera Qeter2 Qete'3 Qetera A2 A3 Qera Qerer2 Qeter3 QAetera

BSHKng —85.81 —-18.34 —-6.097 48.05 76.22 41.25-91.47 —-19.98 —5.602 3.010 15.43 —29.26
B—K2w 93.12 23.61 13.61 32.48 96.95 94.80 100.0 31.47 19.56 0.563  74.83 97.05
Bs— Kgq& 9.072 7.058 3.758—77.48 —76.95 -—75.15 7.383 5.760 3.092-7471 —-7420 —72.60

B— 7%p° — — ~0 — — 7286 — — ~0 — — 85.30
B— 7w — — ~0 — — 8797 — — ~0 — — 36.75
B— 7' —19.61 —24.49 — —1.895 —48.52 —  —-20.90 -21.71 — —2.837 —48.57 —

B—7p® —20.59 —2552 —16.92 —2.143 —4999 -—30.87 —21.92 -2248 —16.12 —3.183 —49.98 —31.79
B—7n'p® —20.59 -2619 —3296 —2.143 —58.68 —71.01 —21.92 -2228 -—26.55 —3.183 —57.70 -69.11
B—7now —71.80 3.677 0.762  11.57 98.69 83.4277.03 5.309 0.895 —0.750 94.91 26.73
Bs—7n'w —71.80 6.333 4356 11.57 96.02 91.7677.03 9.238 6.376 —0.750  98.53 99.69
Bs— 7o 6.180 42.45 23.24 2.003 —4.905 —18.26 6.705 44.21 23.21 2.084—9.014 —19.98
Bs—7n'¢ 15.39 —-10.95 -58.34 9.025 —28.48 —47.93 17.14 -1054 -50.62 9.350 —29.20 —53.27
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TABLE VIII. The CP-violating asymmetry parameteré.p (%) for Bs— PP decays calculated with the
QCDF approach, using the default input parameters. The numbers in columnsees-the text for their

meanings are computed withA=0.824, A =0.2236,p=0.22, »=0.35, andy=59°, while the numbers in
columns 6—8 are computed with=0.82,\=0.22, p=0.086, »=0.39, andy=78.8°.

Modes Case Acp2 Acps Acps Acp2 Acps Acps

BS_,KOKO 1l 0.166 0.166 0.171 0.180 0.180 0.185

BS—>K(S)’7TO 1l —3.130 —0.517 —2.369 —3.502 —3.298 —4.219

Bs— K%y I -1.808 2.270 1173 -2.863 —1.128  —2.113

BSHKgn’ 1l —-2.077 —0.200 —-1.129 —2.430 —-0.377 —1.300

Bs— mom’ I — — —0.659 — — —0.691

Bs—>7T077 Il —-0.143 —2.450 —-1.478 —0.194 —2.449 —1.554

B— 7’7’ Il —0.143 —2.877 —3.574 -0.194 —2.829 —3.428

B 77 I 0.195 0.471 0.338 0.211 0.516 0.368

Bs— 77’ 1l 0.165 0.212 0.231 0.179 0.230 0.251

Bs— 7'y’ 1l 0.115 —0.033 0.017 0.123 —0.036 0.018

§g_,K+ﬂ-— | —4.267 —4.551 —5.863 —5.690 —6.081 —8.068

B.—K*K™ 1l —2.117 —2.062 —1.369 —2.103 —2.053 —1.399

B—mm" 1l — — —0.659 — — —-0.691

VI. EXTRACTING WEAK PHASES FROM B —KK One test involves th&y(t)— 7+ 7~ decays which are po-
DECAYS tentially rich sources of information of both strong and weak

phases. Experimentally, BABAR and Belle have reported

It is important to test the self-consistency of the CKM measurements of th€P-violating asymmetries inBg(t)
description ofCP violation through a variety of processes. —, 7+ 7~ decays:

TABLE IX. The CP-violating asymmetry parameter.p (%) for Bs— PV decays; the captions are the
same as in Table VIII.

Modes Case  Acp Acps Acps Acp2 Acps Acps

BO— KIK*© 1] 0.963 0.988 0.416 1.050 1.077 0.453
B KIK*0 1] -0.711 —0.688 —0.081 —0.776 —-0.752 —0.090
B KTK*~ 1] 13.32 1296  —14.34 12.96 13.12 —14.48

Bl K K** 1] —14.06 —14.69 1272 —11.52 —12.62 13.53
B —mip~ 1] — — —-3.634 — — —4.254
Bl—mp* 1] — — —-3.634 — — —4.254
BY—KZp° I 2.182 3.756 2.042 —0.078 0.720 —1.473
BY—K2w I 1.852 4.894 4.762 0.277 3.811 4.889
BY—K2¢p I —3.842 —3.820 —3.739 —3.708 —3.687 —3.613
B 0K *0 I —90.13 —21.55 -6.596 —99.16 —30.34 —9.403
B— 7%p° I — — 3.634 — — 4.254
B— mlw I — — 4.387 — — 1.833
Be— 70 I —0.143 —2.481 — —0.194 —2.477 —

B K0 [ 48.35 49.06 3.703 39.99 37.04 2.546
B ' K*© [ —57.74 —32.24 —19.02 —73.64 —44.86 —25.30
B— 7p° I —-0.158 —2.557 —1.582 —0.213 —2.549 —1.626
B— 7' p° I —-0.158 —2.992 —3.624 -0.213 —2.933 —3.513
B— nw I 0.398 4.931 4162 —0.23 4.747 1.335
Be— 7' o I 0.398 4.805 4588 —0.23 4.937 4.988
Bs— 7o I 0.115 —-0.139 —0.853 0.121  —0.339 —0.938
B ' I 0.489 —1.448 —2.536 0.509 —1.483 —2.783
B K p~ [ —-2.018 —2.164 3.552 —2.528 —2.706 4.572
Bl K* Y [ 0.009 —0.031 —10.52 0.011  —0.036 —11.38
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can get some additional information on the penguin-to-tree

BABAR [4] Belle [7] ratio P, /T_. of By— 7" o~ decays from its counterpart
007 B,—K'"K™ as a cross-check. To illustrate, we describe the
Sra —0.02£0.34+0.05 1.23+0.417 08 expressions for the decay amplitudes Bf—~K*K~ and
Crn —0.30=0.25+0.04 —0.77£0.27+0.08 B,—x "7 as follows:
which has triggered high theoretical interest. Theoretically, if AB =7 7)) =[T,,le”' e+ [P, [e7'%, (46)
we assume that the penguin amplitudes are zerdfgt)
— a7~ decays, the weak angte could be extracted from ABY—KFK)= IT.Je %re 17— |P e 1%, 47
S, .= —sin 2«. Unfortunately, this relation is strongly pol-
luted by penguin effects: where 8%}, denote strong phases. Using the (SlUflavor

symmetry, we hav§60
S7T7T:S7T7T(B'a’|P7T7T/T7T7T|’5P_5T)1 Y Y é6 ]

|T7T7T| _ |VubV:d| _ 1- )\2/2

Con=Crn( BV Pl Trnl, 8p— 1), - - , _ 5
T 71'77(:8 ‘}/l | P T) |TC| |VubV’JS| N for 51' 5%— (48)
where|P .. /T, is the penguin-to-tree ratio an¥ (5p) is
the strong phase of the tré¢penguin amplitudes. Note that IP.| [VepVE A
the CKM angleg has been well determined by BABAR and T —= -, for &p=05, (49)
Belle; we now have two observablé;, . ,C,, with three Pel VooV 1-2%2
variables—weak angles or y (wherea+ B8+ y=), dif-
ference of strong phasé.— &, and ratio|P,../T_..|. The |Poral 2 |P| for 8= o= E— 5=, (50
- Y7 P ’

nature of the penguin-to-tree ratio leads to some indetermi- |T,.| T’
nacy in determining the weak angles and strong phases.
Hence, it is very interesting to investigate the ratio ofwhere 6, is the Cabibbo angle and, withry

penguin-to-tree amplitudes. Using thespin symmetry, we =fBSfK/(FBS_’Km§S),

1 1
P —|VepVed{ aztajotr,(agt+ag)+ral bg+2b,— §b§W+ Ebﬁw)}
o T I : (51)
¢ [VupVidi al+ay+alotr,(ag+ag) +ral by+bs+2b,— Sbs"+ §biw)]

Compared withBy— 7+ 7~ decay, the contribution of,  determined fromBy— J/WKg decays and has been tenta-
(P.) for B.— K"K~ decay is reducetenhancegby tand, . tively given by BABAR[63] and Bellg[64], the strong phase
Of course, the relations of Eq&l8) and(49) are affected by 61— p and|P .. /T ..| (or 86— &5 and|P./T¢|) as a func-
U-spin breaking effects, such as the fact(ﬁ(mgd tion of weak angley or/ancza can be determined from mea-
2\B—m 2 2\ =B, —K surements 0§, andC .. (or Sxx andCgyk). And employ-
—ma)F fﬂ]/[(mBs_ miF* " fk], and so on. But ing Eq. (50) within the U-spin s;rﬁwmetry,K&)e penguin?to}/tree
SU(S) flavor bre_akmg effects are expected to be very SmaWatio can be overconstrained froBy— 7w~ and B
in Eq. (50) within the factorization approach. As stated in _, k+k- decays. And using the value of the penguin-to-tree
[61,62, assuming that tth—gg mixing phase is negligible ratios, some information on weak phaseand/ora can be
and taking the anglgs as one known input which can be extracted from the measurements:

ViV ABYO) =t ) L 1H[P, /T, e e
VigVip AB%(0)— 7" 77) 1+|P, /T, e e i

(52

T

_ —2Im(\,,)  —sin2a+2|P, /T |coss’ coda—B)+|P . /T,,|* sin2B
R 1-2|P, /T, |coss’ coa+B)+|P, /T, |2

. (83
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TABLE X. Penguin-to-tree ratios and bound on using the default input parameters, within the QCDF approach. The numbers in
columns(see the text for their meaning3—-5,9-11 are computed with=0.824, )\=O.2236,;=0.22, ;=0.35, andy=59°, while the
numbers in columns 6—8,12—14 are computed With0.82, )\=O.22,;=0.086,;=0.39, andy=78.8°. The numbers in columns 3-8 are
computed with asymptotic twist-2 and twist-3 light cone distribution amplitudek afesons, while the numbers in columns 9-14 are
computed with twist-Qincluding effects of Gegenbauer momenasid asymptotic twist-3 light cone distribution amplitudeskomesons.

The constraints ory are calculated from cog=(|P./T.)(1— VRkx)-

PR(x)=1, DI(X)=6XX,
2
_ _ _ KB2) oy
By (X)=6xx,DE(X) =1, DE(X)=6Xx P(x) 6’&{[1*”21“”% (2x=1)
g
MeV) N2 N3 N4 N2 N3 N4 N2 N3 N4 N2 N3 N4

200 4305 4502 6.753 4.610 4.821 7.233 4133 4470 6.965 4.427 4.788  7.460
[P /T 350 4305 4411 6547 4610 4725 7.012 4133 4307 6.565 4427 4613 7.031
500 4305 4378 6.471 4610 4.689 6.930 4.133 4250 6.425 4.427 4552 6.882
200 0.226 0237 0355 0234 0245 0368 0.217 0.235 0366 0.225 0.243 0.379
|Par/Trel 350 0.226 0.232 0.344 0.234 0.240 035 0.217 0.227 0345 0.225 0.234 0.357
500 0.226 0.230 0.340 0234 0.238 0352 0.217 0.224 0338 0.225 0.231 0.350
200 8.254° 8.971° 8501° 8.254° 8.971° 8.501° 6.861° 8.012° 7.780° 6.861° 8.012° 7.780°
6 350 8.254° 8.649° 8.280° 8.254° 8.649° 8.280° 6.861° 7.474° 7.415° 6.861° 7.474° 7.415°
500 8.254° 8.526° 8.195° 8.254° 8.526° 8.195° 6.861° 7.278° 7.279° 6.861° 7.278° 7.279°
200 0.805 0.818 0861 0962 0970 0967 0.796 0.821 0866 0.959 0.975 0.970
Rk 350 0.805 0.812 0855 0962 0967 0965 0.796 0.809 0855 0.959 0.968 0.965
500 0.805 0.810 0.853 0962 0965 0963 0.796 0.805 0.852 0.959 0.965 0.963
200 63.73° 64.58° 60.84° 84.94° 85.89° 83.19° 63.56° 65.12° 61.07° 84.78° 86.54° 83.60°
V= 350 63.73° 64.18° 60.52° 84.94° 85.45° 82.80° 63.56° 64.35° 60.46° 84.78° 85.67° 82.83°
500 63.73° 64.04° 60.41° 84.94° 85.29° 82.66° 63.56° 64.09° 60.26° 84.78° 85.38° 82.57°

1—|N\ .02 2|P /T ..|sind’siny
7T7T: 2: 21 (54)
1+ |\, 1+2|P_,/T,.|cosé cosy+|P ./T,.|
ViV ABY0)—KF K™) 1P, /T e el
KK= ° 267I27 ¢ ¢ 7 —, (55)
ViV, AB0)—KTK™) 1-|P./T e e ¥
_ —2Im(\gk)  sin2y—2|P./T[coss’siny 56
K14 k|2 1-2|P./Te|cosd cosy+ P /T2’
1—|Akk|? —2|P, /T |siné’siny
KK= = == (57)

T 1+nkl?  1—-2|P./T|coss’ cosy+|P /T

Here the numerical values of penguin-to-tree ratios withineffects: i.e.,aj=a; |+ a;,,, bj=0. The numbers in th&l4
the QCDF approach are given in Table X. The numbers ircolumns are computed with amplitudes’ +.42, including
theN2 columns are computed with amplituddg, but with-  chirally enhanced hard spectator scattering contributions and
out contributions from hard spectator scattering interactionannihilation effects. Although using different derivation and
and annihilation topologies: i.e., coefficierdg=a; |, a; inputs, our results of the penguin-to-tree ratl, . /T,..|
=b;=0. The numbers in thB3 columns are computed with using Eq.(50) are virtually in agreement with the result of
amplitudesAf, including chirally enhanced hard spectator (28.5+5.175.7)% (including weak annihilation contribu-
scattering contributions, but without considering annihilationtions) and (25.9-4.3+5.2)% (without weak annihilation
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P
cosy= ‘T—C‘ (1= VRi). (60)
c

In addition, Gronau and Ronsner also gave a boundyon

from the decay8.— K"K~ ,K°K? without prior knowledge
75 100 125 150 175 Of the pengu'n'tO'tree I’atIO, ﬁngKK [60]
(b) From the above discussion, we can see that precise mea-
surements 0B decays in the future might resolve ambigu-
FIG. 6. Penguin-to-tree ratio Irf¥./T,) (vertical axesand ities in the determination of the CKM angles. In addition, the
Re(P,/T,4) (horizontal axepof decayBy— 77" in (&), where  theoretical uncertainty is small in Fig(l because many
the left and right dots denote the default result with and without the,;nknown hadronic quantities are canceled with the ratio
contributions of chirally enhanced hard spectator scattering and arRKK , and the results in Table X indicate that the weak angle
nihilation interactions, anQKK versus the CKM angle in (b). The y given in Refs.[34,45 and the bound from Eq60) are
legends are the same as in Fighj2 consistent with each other, which might be tested in future

measurements.
contributiong [20] which is calculated with X,=Xy
= In(mB/Ah),_and the result of _(_27:66.4)%[65] [including VIl. SUMMARY AND CONCLUSION
SU(3) breaking effectk In addition, the value of the strong
phases’ is also consistent with (8223.8)° (including weak In this paper, we calculated theéP-averaged branching

annihilation contributionsand (9.0-4.1)° (without weak ratios andCP-violating asymmetries of two-body charmless
annihilation contributions[20]. The numbers in Table X hadronicB.—PP,PV decays at next-to-leading order in
show that the parameters.{,ak.) related to distribution with the QCDF approach, including chirally enhanced power
amplitudes have a small influence upon the penguin-to-tregorrections, as well as contributions from weak annihilation
ratio, and Fig. €a) indicatess’ e (1.3°,10.0°) (without the  topologies. We find the following. -
contributions of chirally enhanced hard spectator scattering Only several decays, such a@8—K®*)K,K&)=77,
and annihilation interactionsand &' e (—38.5°,42.8°)(in- K“p", 7"’ 7""), have large branching ratios, which might be
cluding the contributions of chirally enhanced hard spectatofccessible at hadron colliders in the near future.
scattering and annihilation interactions For a; dominant decays, such &—K®*) 7% K*p*,

In addition, if the penguin-to-tree ratios are determinedthe hard radiative corrections are small, which results in
then it is possible to extract some information or give asmall strong phases and small dir€&®-violating asymme-
bound on the weak anglg from the measurements &, tries. In addition, for these decay modes, the predictions of
—K*K~,K°K® decays in the future. Now let us illustrate the QCDF approach ofP-averaged branching ratios have

this point. The QCD penguin terms for these two decay®nly small differences with those of the NF scheme.

should be equal according to factorization, so the decay am-_ Lar:?: dgge\fvtﬁ;\éioéaetlgg a:%mmfgeiis ;)rcecurreligtzgnjte de-
plitude for Bs—K°K® could be written as y y amp 286

which obtain a large imaginary part from “nonfactorizable”
_ . effects. But time-integratetp for case-1l CP decays is
A(BI—KOKO)=—|P e . (58)  always small because of the suppression from the large pa-
rameterxs. In addition, the contribution of power correc-
There are two approximations in E(8), as stated ii60]:  tions in Lim, [which are neglected in the QCDF formula, Eq.
(1) The color-suppressed terms which are proportional to thé€9)] to the strong phase might be as important as hard radia-
CKM matrix factor V,,V;s in Egs. (Al) and (C1) can be tive corrections, so the numerical results @P-violating
safely neglected because [,V / Vo Vi~ 2%. (2) The  asymmetries 0B decays with the QCDF approach should
tiny isospin breaking effects are disregarded, and the smaflot be taken too seriously.
difference of electroweak penguin contributions between The penguin-to-tree ratitP, /T, .| of By—7 7 de-
these two decay modes are neglected. The raticCBf  cays can be overconstrained from its (ScounterpartB

averaged branching ratios is defined as —K*K™ using the U-spin symmetry, and a bound on the
CKM angle y can be obtained fronB,— K"K~ ,K°K° de-
BR(B’-K*K™)+BR(B?—K*K") cays. We look forward to future measurements and theoreti-
KK = cal developments to give some insight into these parameters.

BR(BY—K%K% +BR(B?—KK?)

_ 1-2|P/T|coss’ cosy+|P./T|? 59 ACKNOWLEDGMENTS
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APPENDIX A: THE DECAY AMPLITUDES FOR §2—>PP

Af(§2—>KOKO) ITfKF S (més_ mﬁ)(Vubejs-FVCbV:s)(au—Ealo-l- Rl a Eag ], (Al)
2
whereR; =2m, o/ (Ms+mg) (My —my);
f RO 0,0 Ge BY-K, 2 2 * * 1
AN (Bg—K )_—l—f Foo (Mg —mi)i VupVigaz T (VupViat VebVea)| —ast 810”5 (a7~ a) — Ry
1
X a6_§a8 y (Az)
WhereR2=2mi0/(mu+ mg) (Mp—my);
. Ge g%, 1 1
Af(gg_)Kon(,)):_IEfKFOS 7 (mgs—mi(,))(VubV:d+VcbV:d)[a4— §a10+R3 aG_Eag ]
Gr Bk o o 11
- \/Efy,m': (Mg, = M) VupVigaz+ (VupVia+ VepVe)| 2(ag—as) +as— 5810~ 5 (a7~ ao)
1 0 11\
+R{) 25~ 58 ( f" +|as—as+ 5a— 52y f:— : (A3)
() 7()

whereR;=2my o/ (Mg-+mg) (M, —mg) and RY) =2m? )/ (mg+mg) (my—my);

, Ge g%,
Af(B? o— o ))_—|7fw|:os 7 (més_mim)[VubV’Jsasz(VubV st VenVe s)[ 5(a7— ag)] (A4)
B —
Af( _>77( )7’( ))——I\/_G f (;)F 77 (mB _mn(,))[ bV:Sa2+(VUbV:S+VCbV:S)
1 i 1
X 2(33_35)—5(87—39) +(VupVist VenVe s) as—as+a4—§alo+ >~ 589
,7(r)

+R{)

ag— Eag

Y,
0

2 -GF Bo*‘ ! 2
Af(BI—nn')=—i BFe (Mg~ m2 ) ViV + (VueVist VepVas)

whereR{) = me](,)/(ms+ mg) (m,—my);

1
2(ag—as)— 5(37_39)

fu G
£ (

f
+ (Vu bV:s+ VcbV:s)_”

fY,

_
(1 fs’)]]’ (A6)

n

S

1 1 1
_a10+ §a7_ _a.9+ R5

az—astas—
as 5 4 2 2

f
+(VupVie +vcbvcs)f ag

dg— z

n

1
X (mj - m%)[ VanViido + (Voo it VeoVE) | 2(as—as) — 5 (a7 —ao)

1 1 1

2807 3% 3

X|az—ag+a,—

ag+R:| ag
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A'(BY— 7 K*)=—i ﬁf FBfK<mB M2 VupVigas + (VupVig+ VeoViglas+ao+ Re(as+ag) ]}, (A7)

whereRg= 2mi+/(mu+ mg) (Mp—m,);

Af(BI—K K* )——|—f FBSHK

Sk

(mB mz HVupVia+ (VupVist VepVigdlas+a et Ry(ag+ag) ]}, (A8)

whereR;= 2m§,/(mu+ mg) (my—m,).

APPENDIX B: THE DECAY AMPLITUDES FOR §2qu

_ 0, 1
Af(gquoK*O):\/EGFfK*FTS “Mics (€ Po) (VypViig+ Vep Ve 5)[34 alo], (BY)
f R0 100y _ BY—K* _ * * 1 1
AN (Bs—K K )_\/EGFfKAO My« (€ Pro) (VupVist VenVes) | @a— Ealo_Q1 8~ 58z (>
(B2
WhereQ1=2mi—ol(mS+ mg) (M, +my);
0, 3
Af(ggﬁKopo):GFpr?S Kmp(e'pKO)[VubV:da2+(VubV:d+VCbV:d) _a4+ Ealo"‘ §a7+ Eag ], (B3)
0
A(B—KCw)=Gef F® me<e-pKo>[vubv:da2+<vubv::d+vcbv:d)
1 1 1
X 2(a3+a5)+a4—§a10+ §a7+ Eag ) (B4)
AN(BI—K %)= 2Gemy(€- pro) (VypVigt VenVia)
BO_, K 1 8% ¢ 1 1
X1 f4F . Tlastas— ;ar— a9+ kA T1as— 5810~ Qo @s— a8 | (B5)
2 2 2 2
whereQ2=2mﬁ0/(ms+ mgy) (Mp+my);
04} *0 1
Af(QHWOK*O):GFfWASS K mK*o(epWo){ ubV da2+(VubV d+VCbVCd) —ag+ §a10—5a7+ Eag
+Q3l a Eag ] (B6)
whereQ;= 2m? ol (my+mg) (M, +mg);
f 0 B s~ * 3 3
A ( s—m ¢)=Gef Ay® My(€-Pro) VupVisdz+ (VupVist VepVes)| — a7+ 239 (B7)
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1 1
’ BSHK
AT(BI— 7 K*) = 2Gemgso(e- p ) FoAg {Vubv @2 (VupViig T VebVeio) | 2(a3—as) +as— 58107 587
1 , 1 fo 0
+ 58~ ) a5~ 5 g ( fﬂ +(VupViat+ VenVe 7]
() ,,(r)
1 BY— (") * *
X|az—ast 5a7~ 589 +fgxF (VupVug+ VenVea)| 84— 5210] | (B8)
Wherng’)=2mf](,)/(ms+ms)(mb+ms);
, BO, (1)
Af(BY— 7 'p%)=Gef F o7 mp(e-pn(,))[vubvjsa2+(vubvjs+vcbvS) =(a;+ay) } (B9)
N 1
AT(BL= 7 )0)= G f F2 7 w<e~p,,<r>)[ VunVisdo+ (VuVist VenVed | 2(ag+ a5) + 5 a7+ ag) (10
’ BO"
Af(§2_>77( )¢):\/§GFm¢(E‘pq(’)) fl:,(r)AoS ¢|VubV:sa2+(VubV:s+VcbV:s) 2(az—as)
1 1 1
_5(37_39) +(VupVistV i Az~ asTas 5101 5877 589~ ¢ 8~ 53s
77
fL:](,) BO—>7](’) . % 1 1 1
1_f5_ +f¢F15 (VubVist VepVad | aztastas— Ealo— §a7—§a9 , (B11)
21
B —K
AN(BI—-K " p7)=2Gf F s my (e p)fVurViqas+ (VupVig+ VesVig) (a4 +as)}, (B12)
_ BY—
AT(BY— K K* ") = 2GeT e Fy My (€ )i VipViiss + (Vi Viist VepVig) (g +aso)}, (B13)
_ Bo—»K*
AT(BI—-K K**)= \/EGFfKAOS Mg (€ P{VupVisdr+ (VupVist VenVes)[ast+aio— Qs(as+ag) 1},
(B14)

whereQs=2m> -1 (my+mg) (my+m);
0
AT(BY— 7 K* )= V2Gef ,AG " Mie (€ p){VipV i@t (VunVia+ VosViolas+ a1~ Qe(as+ag) I}, (B19)
whereQg= 2m? -1 (my+mg) (mp+my).

APPENDIX C: THE WEAK ANNIHILATION AMPLITUDES FOR §2—>PP

— — — 1 — 1 —
ba(K?,K?) +by(K®,K®) +by(K®,K®) = 5b3"(K®, K®) = 5 bg*(K, K®)

— G
Aa(§2—> KOKO) = | _FfBSfﬁ( (VubV:s+ VcbV:S)

V2
1 ew 1,0 1¢0
—§b4 (KO,K9 ¢, (C1
A3(BY—KP °)—|—f Skfa(VupViat VenVe d)[bg(w KO —= bew(ﬂ' KO, (C2
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Gg 1
Aa(gg—”(o??(')):ﬂEfBSfK(Vubvﬁd"‘VcbV:d)(fl:,(r) bs(n(’),KO)—§b§W(77(’),K°) +f;(/)
0 (1) 1 ewW 10 (1)
X b3(K i )_EbS (K 77 ) ’ (CS)
.GF 2 1
A3(BY— 7070) = —|Ef35fw ViV (70, 70) + (VypVi+ VepViEd | 2b,( 70, 70) + Ebj‘” w70 | ¢,
(C4
a (r) G * 0 () (r) -0 * *
A ( _>7T n )__l_fo f,,() VupVad b1(77, 7 ) +b1( 7", 77) |+ (VpVis T VepVes)
X EbEW(ﬂ_O (1))+ Ebew( (r) O) (05)
2 4 77 2 4 0T '
Aa(gg_’ﬂ(,)”](l)):_i\/zGFstlf;(')f;(/)[vubvzsbl(77(,)177(,))+(Vubvjs+vcbvzs)(2b4(77(l)a77(,))
1
+ 5037 ) ||+ 100 (VunVist Voo s)[b?:("/(’)a77(,))+b4(7/(’)177(’))
_}bew( Q) ('))_lbew( () (1)) (C6)
2 3 7] ’77 2 4 77 !7] ]
a/Ro ’ . Ge ugu * * '
A%(Bs—n7n )=—lﬁfssf,7f,, VupVid bi(n', ) +01(7, 7)1+ (VupVist VenVes)| 2ba( 7', 1)
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