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We evaluate the decag—K* 7, K(p,w,¢) adding the long distance charming penguin contributions to
the short distance: tregpenguin amplitudes. We estimate the imaginary part of the charming penguin contri-
bution by an effective field theory inspired by heavy quark effective theory and parametrize its real part. The
final results for branching ratios depend on only two real parameters and show a significant role of the
charming penguin contributions. The overall agreement with the available experimental data is satisfactory.
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I. INTRODUCTION pression is compensated by the Cabibbo-Kobayashi-
Maskawa enhancement and the actual role of these
The CLEO 11[1,2], the BaBar[3,4] and the Belle[5]  contributions can be established only as a result of some
Collaborations have recently reported data onBhmeson  dynamical calculations. Ifi30] and[31] we estimated these
nonleptonic decay channels into a light vector and a pseud@ontributions for theB— PP decay channels and found that
scalar meson: for the K7 case they are indeed relevant. Their imaginary
B—PV. (1)  part can be evaluated with some confidence using the heavy
meson chiral effective theory corrected for the light meson
These data are of the utmost importance for the determinayard momenta. On the other hand, the real part is less pre-
tion of the angles of the unitarity triangle. In particular, if one gictaple: for example if30] and [31] the results strongly
of the two mesons in the final state is a strange particle thﬁepend on the cutoff in the loop integrals. Sizable effects
decays(1) offer several channels for the extraction of the \yere also found in th& ™ xco (J/4) channel[33].
angle, thus providing alternatives to tier decay mode. In the present paper we give an estimate of the charming
These nonleptonic decays have been proposed long agnguin contributions in the charmless decays for the
[6—18] as a method for the extraction of theangle. By this  -35es* 7+ and K(p,w,$). We do not consider the particles
strategy one relates the data to a theoretical amplitude giveg, ' in the final state because the pseudoscalai3Skin-
as a sum o_f tree and peng_uir_1 short distance contribution@et is most probably contaminated by the glue and the
whose relative weak phase is indegdThe usual computa- eyajuation of these contributions cannot be reliably done
tional scheme is the factorization hypothesis, either in th&yithin our theoretical scheme. Because of the above men-
naive or in the QCD based versi¢h9—-26. Here one ne- {ioned difficulties we compute by the effective theory only
glects nonfactorizable contributions as one proves that they,e imaginary part of the amplitud&, . For the real part of
are of the order of\/my, and therefore negligible in they,  the amplitude, R, we assume a simple parametrization
— limit. o Rp*ZLp, fixing the two proportionality constanfsne for
There is a class of contributions however that, althoughyach of the SU(3) multiplets comprising the light vector
suppressed in the infinite heavy quark mass limit, cannot bgesong by a fit. A similar calculation has been recently at-
neglecte_da prior_i. These are long Qistance c_ontriputions tempted by[32]; these authors assume a more phenomeno-
known in the literature as charming penguin diagramgqgical approach and parametrize the amplitude in the more
[27—32._ Induced Ey the nonleptonic Hamiltonian general way(two complex numbejs using SU3) flavor
xVepVedhy, (1= ys)c cy*(1— ys)s+Fierz+H.c., they symmetry to relate the different amplitudes. Therefore our
cannot contribute in the vacuum saturation approximationcalculation can provide a dynamical test of the modé¢Bia).
However, the insertion of at least two charmed particles The outline of the paper is as follows. In Sec. Il we esti-
(charmt-anticharm between the currents can produce siz-mate the tree diagram contributidar short-distance contri-
able contributions. As a matter of fact tEA X m, 1y sup-  bution), computed in the factorization approximation. In Sec.
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[l we estimate the absorptive part of the charming penguirradiative corrections are include@, and O, are the usual
contribution. It is evaluated by use of the effective Lagrang-tree-level operatorsQ; (i=3, .. .,10) are the penguin op-
ian for light and heavy mesons based on the heavy quarkrators andD, is the chromomagnetic gluon operator. The
effective theory(for a review se¢34]). The main uncertainty in Eq. (2) are as follows[39]: ¢,=1.105,c;=—0.228,
of this approach is the extrapolation to hard light mesonc;=0.013,c,=—0.029, N ¢;=0.009, c=—0.033, ¢,/
momenta and in this context we use an estimate of form=0.005,5/a=0.060,q/a=—1.283,¢,,/a=0.266. More-
factor given by us irf30]. In Sec. IV we present numerical over, for the current quark masses we use the values
results for the branching ratios and the asymmetry. In our

previous papers we estimated the real part of the charming m,=4.6 GeV m,=4 MeV
penguin contributions by using a cutoff Cottingham formula;
the results were strongly cutoff dependent and for this reason myg=8 MeV my=0.150 GeV. ()

we give here a simple parametrization of the real part and we i .
estimate the relevant two real parameters by comparing witl{/e define ther-matrix element

the data. The overall result for both of the branching ratios 4 o .

and theCP-asymmetries is rather satisfying and points to a (2m)*6%(Pg=Pr— P ) X Myx ,=(K* 71| T|B),  (4)

significant role of the charming penguins in thB i 5 similar definition for theK(p,w, ) final state. We

*
—K*m, K(p,»,¢) decay modes. separate short-distance and long-distance contributions to the

weak B— K* 7 decay:
Il. SHORT-DISTANCE NONLEPTONIC WEAK

MATRIX ELEMENTS M= Mgp+M;p, )

. The effective Hamiltonian for nonleptoniB decays is 514 evaluate the short-distance part of the amplitsde,,
given by using the operators in ER) in the factorization approxima-
G, '_[Ii_orI;I[witlh A:SD(BHf)E—((fogf)AB(}]. Tdhde) resu(ljts are in

Het=—=| VipVus(C107+€,0%) + VE Vo105 +¢,09) able | Here a;=c;+(Ci;,/3) (I1=0dd) and a=¢;
of \/5{ upVus( 0201+ €20) * VepVed 0201+ €207 +(ci_4/3) (i=even). Moreover, itV is a vector meson and

P() is a pseudoscalar meson, we use the following definition
2) for the matrix elements of weak currents:

_ » (P(P)|ALI0)=—ifpp,, (V(e,p)|V,|0)=Ffymye}, (6)
wherec; are the Wilson coefficients evaluated at the normal-
ization scaleu=m, [35—39 and next-to-leading order QCD and

10

2 2 2 2

PPV, P(P)) =F1(0®)| (Pt L) — o' |+ Fo(gtr P 7
(P"(p")IV,IP(P)=F1(a°)| (p, pM)—Tq# o(q )Tqﬂ (7)
2V(9?) . (-0
’ m_ AM = " 7 cnvaBx I * 2 —~ v 2
(Vlep )V = AP (p)) = = € €y PaPp= [ (Mp+ My) € #As(0%) +T g (p+ ) *Ag(a%)
Sk 2My “w 2 2
+i(e*-q) e a“[As(a%) —Ao(a)], 8
|
where DiscM ;p=2i Im M ;p,
My—Mp My+Mp
Ag(G?) = P A (D) + ———C AL (G (9 d*
(4= T, @ gy A O —i2m? | s (@ m )5, (D)
(277)4 s
Ill. ABSORPTIVE PART Mp )
=i Jo*?—1 B—D{*'D®*)
The computation of the discontinuity of the charming |16772m5 @ Jan( s )
penguin contribution diagrams contributing ®—K* 7 (%)
gives (cf. analogous diagrams in Fig. 2 of REB0]) XM(DG'DH) —K* ), (10
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TABLE |. Factorized M sy amplitudes.

Process Msp
a
Bt —K*O7+ +GeVZFB (M2, ) e My Vi Vi a4—71° (e* - pg)
* 3
BY—K* _GFmK*[F?_»W(mf(*)fK*[V:qu@Z_Vt*ths(a4+alo)]+A(?_'K (mfr)fw{vﬁbvusal"'v;kbvtsz(a7_a9) ](8*'PB)
B—K* (2 3 B/ 2 &0 *
BO_, K*0;0 —Gemx) Ay (M)f V:bvuéal_vt*bvtsz(ag_aﬂ FFTm) frs VipVe a5 (*-pg)
BO—K* "7~ _GF\/EF?MT(mi*)fK* M [VipVusto — Vi Vis(as+a101(e* - pg)
(2a5—ag)mg
B+ Ko + B—p/ 2 * __ _ *,
—RKRp +GF\/§A0 (M) fxm, Vi Vi a4 5210 (Mp+ mg) (Mg + my) (e*-pg)
2(ag+ag)mg
— B—p _ _
GFmp[AO (nﬁ)fK[VSqusaZ VipVisl 480 (Mp -+ my)(my+my)
B+*>K+p0 3
+F?HK(m;2))fp[V3qusalEV?ths(aq*ag) (e*-pp)
3 1 (2ag—ag)mz
BO KO 0 _ B—K _ = B—p, _ = _ *
—Rop GFmp{Fl (n'ﬁ)fp[vﬁbvusal Vﬁnvtsz(a7+ag) +A (”ﬁ)fKV:ths{% 510 (My+ mg) (Mg my) (™ -pg)
. ' 2(ag+ag) My
0 + B— 2
B —K"p _GF\/EAO p(mK)mep>V:qusaZ_V?‘ths agta— (Mg -+ my) (M, + my) _(8*'133)
—Gem,{F} M (M2)f [ ViVt — ViVis(2(a3 + as) + 5 (a7 +ag)) |
B" K w B2 -V*V Vi 2(ag+ag)mi .
+Ag (M) K[ Vub usfz— VipVis| @4+ a0~ (Mp+my) (M, + my) _}(8 “Pe)
B—K 1
= Gem, | F1 () o) VioVushs — VipVie| 2(a+86)+5 (8+ 29)
B°— K% 2
1 (2ag—ag)my
_ pAB—ow _ = _ *
AO (rni)fK\/t’i)VtS(aﬁl 2a10 (mb+md)(md+ms) (8 pB)
. a7+ a9+ alo
B+’OHK+'O¢ +GF\/§F? K(mi)fq&mqsvz‘bvts a3+a4+a5_T (8* pB)
where the integration is over the solid angle and a sum oveere(- - - ) means the trace,
polarizations is understood. A similar equation holds for the
K(p,w,¢) final state. The amplitudes for the decaBs o K . o K*
—D*)D™) are computed by factorization and using infor- s Ds K s
mation on the Isgur-Wise functiaisee below Diagrams for D D D"
the calculation of the amplitudeB*’D*)—K* 7 are in o T o i 5 -
. . . (*)p (%) -
Fig. 1. A S|m|Iar. diagram can be drawn for thz*’D* @ ) ©
—K(p,w,¢) amplitudes. . ) . .
The effective Lagrangian to compute these diagrams can Ds K Ds K
be written as followgsee e.g[34]): D D*
L=i(Hpv"D upaHa) +i19(Hpy,¥sAbHa) b n D n

+iB(Hp (V= p)baHa) HIN(Hpo™'F ., (p)baHa)-
(1)  amplitudes.
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H:#(_Psys_ip)' 1y (P@)ICybBw)=MeMpé(v-v") (v +v"),,

* ’ .
and Pg,P* are annihilation operators of the pseudosc&ar (D*(v",€)cy,blB(v))
and vectorV heavy mesons normalized as follows: _ \/mf(v-v')e *xv, o, 1f3

,U«Vaﬁe vv T,
(0[Pg|P)=\My, (0P, IV(e))=€,\My. (13 _
<D*(UI,6)|C’yM’)/5b|B(U)>
The first term in the Lagrangiafill) contains the kinetic s , ,
term for the heavy mesons giving tReandP* propagators, = VMgMpé(v-v")i[(1+v-v")e, — (" -v)v,],
i/(2v-k) and —i(g*"—v*v")/(2v-k) respectively. How- a7
ever, since the residual momentum is not small we will use ) ]
the complete form of the propagators instead of their apWhere&(v-v') is the Isgur-Wise form factor. Note that, by
proximate expression§30,31. The interactions among this definition, the choice of phases in Hd.7) agrees with
heavy and light mesons are obtained by the other three termEds-(8) and(9). We also write the phenomenological heavy-
In the second term there are interactions among the heav§-light leading current for coupling to light pseudoscalar
mesons and an odd number of pions coming from the exparihesons of the heavy mesons in the multigtet
sion A, . HereA,=3(&%9,6— ¢d,¢"). Expanding the field "
&=exp(n/f) and taking the traces it provides the coupling in w_ _ t
the Io?/\ger \)/ertices ongig. 1. The Igst two terms g?ve gthe Le=75 (7*(1= vs)Hbtpa)- (18)
upper vertices of Fig. 1. The octet of vector resonanges ( R
K*, etc) is introduced as the gauge multiplet according toHereF is related to leptonic decay constant of the pseudo-
the hidden gauge symmetry approach of Ré€]. We put  scalar heavy mesoB appearing in Eq(6) by

Oy~ fo= (19

pyzlﬁp,u (14)

“ » ) Several numerical analyses based on QCD sum rules have
wherep is the usual Hermitian 83 matrix of flavor SU3)  peen performed, see for a review e[§4]. The result we
comprising the nonet of light vector mesons apdis deter-  ghall use is

mined by vector meson dominance as follogs=5.8[40].

Also the parameteB can be fixed by vector meson domi- E=0.30+0.05 Ge\?? (20)
nance. This corresponds to assuming that, for the heavy
pseudoscalar mesoiis the coupling of the electromagnetic which is obtained neglecting radiative corrections since they
current to the light quarks is dominated by thev, ¢ vector  are neglected also in the evaluation of the Isgur-Wise form

mesons. This produces the numerical result factor that the parametrization we use below is based on.
The effective theory approach gives predictions for the

J2my form factorV(qg?) at highg? and relates it to the parameter
B= aufy ~0.9. (19  \. We can match this result with the theoretical calculations

coming from light cone sum ruld42,43 (LCSR) and lattice
For g we take the recent experimental result from the CLEOQZCD 2[44_46' To do this we compute the form factor at
Collaboration, obtained by the full width @* * [41]; this 9 =dmax Where it is dominated by the nearest low-lying
gives a valuey=0.59+0.07+0.01. vector meson pole. Computing the form factorq§t=qr2nax
It can be noted that while these determinations conside (Mg—My)? and at leading order in iy, one get{47]
soft pions, we are interested in the coupling of a hard pion to
D andD*. This introduces a correction that can be param-
etrized by a form factor, see below for a discussion V(020 = &MA:M et My _ 1
' : mec 2 WMp My+A

Let us now consider the parameteiin Eq. (11). In [34]
one can find an estimate of this parameter based on the ef- . . o .

hereA is the appropriate mass splitting, i.e., for the transi-
tion B—K*, A=mg+ —mg=135 MeV. From the LCSR and

fective chiral Lagrangian for heavy mesons. We present herd
an update of this analysis and new numerical results.

It is useful to begin by writing down the phenomenologi- lattice QCD analyses for the transiti@—K* we infer the
cal heavy-to-heavy current in the leadingni/ approxima-  valueV=1.5 atq’=q°=17 Ge\%. In order to compare with

(21)

tion: Eq.(21) we assume that in the rang@e (g?,92,,,) the form
o /) ) factors are dominated by thBY simple pole. This gives
J ==& v )(H v, (1= ys)HY), (16  v(g?,)=1.8 and, as a result,
which gives rise to A=+0.56 GeV L. (22)
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We note that to determina we used a positive sign of To compute the matrix elements we use the following
V(92,4 The same sign would be obtained using HQET anckinematics:

by assuming that the strange mass is large, se€1H}.We

also note that a different result for the phase and the magnjyu— w— j B T = D= Dr(s).

tude of\ was obtained ifi34]. The difference in magnitude b =mgv”*=(Ms,0),  Po=mov’*, =P~ Pot 29
was due to the different methods used. Here we use LCSR

and lattice QCD, while irf34] an extrapolation is used from
the D—K* form factor. As to the phase, it is due to a dif- .
ferent choice we use here for the phase factor of the heavgration is over the directions of the vectof=nyw*?—1.

where * = (mg +mg —m3 )/2mpmg and the angular inte-

vector meson, see E¢l2). Our results are as follows:
|
M[B(v)—Ds(q)D*(€,0")]= —K(mg+mp)e* - v, (24)
M[B(v)—DZ(7,9)D(v")]=—Kmp 7* - (v+v'), (25
M[B(v)—=Dz (7,9)D*(e,0")]=—iKmp_7*#€* “[i€ap 00 "0 = guall+ 0*) +v40,], (26)

whereK=(GF/\/§)V§bVCSa2 \/mBmeDsg,W(w*). On the other hand, for th€* « final state we have

- 2 Fz( —)'n') Mp* ~
M[Ds(q)D*(e,v’)HK*(pK,E)W(pﬂ)]:_g—|p|g_V D *

2Bmpqp). ANMpx G (P, . Pk ")
€\€E, +
f7r \/z rnDs

2 2 2 2
(Mpv'—p,)*—my  (Mpxv' —pP,) — Mg

(27)
. 2gmp«F2(Ip,)) gy [m e
MIDZ (na)D(v")—~K* (P& m(py)]=~ = —— o[
T s D* “Mx) T Hpx
U/'pﬂ' ,
x| 28q° +p?,—m—pk)—4meSH“<p,T,pK,v )|, (28)
D*

ANMpQ,(Pk).Ph 86y

29mo+FA(IP-D 9y fMox 0 -,
(Mpv' —p,)2—mp Mps

ap

7,.€5€

f’ﬂ' V2 Mp* ek
s

M[D%(7,0)D* (e,v")—K*(py, &) m(p,)]=+

Vo(Pr) 8 o ar . or
{28975, +4Nmpx [P oy — (P97 ]}

. (29
(Mpxv' — pw)z_ Mp+«

where

GNP, P, v )=—(v" - D™ Pk Px) — PIPK]— (A P[0 7Pk — g™ (v p) 1= A [PL(Pk-v") =07 (Pk- P ], 0

!
ks

U
H™p, Pk v ) =97 Pk Pr—

v " p’)T
pi+—q”)- (3D

Mp*

(mi*_pK'Q)) —p?

Mp*

Equation(27) corresponds to the sum of diagrafasand(b) pion is not soft and therefore the coupling constant should be
of Fig. 1; Eq.(28) corresponds to diagraift) and, finally, corrected. Its determination by a quark potential model is
Eqg. (29 corresponds to the sum of diagran® and (e).  discussed i30] using a quark model. The central value we
Similar results hold for th&(p,w, ¢) final states and we do se isF(|5w|)=0.065. In the absence of more detailed in-
not reproduce them here for the sake of breViitflp,|) isa  formation, the same form factor is adopted for the upper
form factor taking into account that in the vert&0* 7 the ~ vertices in Fig. 1 as well.
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TABLE Il. Theoretical values fotM gsp, M 5. Units are GeV. TABLE IlI. Branching ratiosB (units 10 ®). In the second and
third columns, theoretical values computed using only the short
Process MgpX 1P Im M pXx 108 distance amplitude and the full amplitudiee. short distance and
N v0_+ long distancg in the latter case the three values correspond respec-
B+—>K*+7TO +1.45 . 214 tively to R,.p=(+1,0—1)XZ,p, See text.
BT —K* 7 +1.02-0.7 -1.52
BO—K* 070 —0.60-0.08 +1.52 Process B (SD only) B (SD+LD)
BO—K**Ta~ +0.85-1.01 -2.14 5
B K" 1017 —274 BT —K*07* 1.96 (4.71,6.22,16.3)
’ ' + +.0
B K p0 4£0.39-0.64 —1.94 BT —K* "7 1.56 (5.20,5.95,11.0)
B0 K0p0 £0.48-0.11 1194 BO—K* %70 0.32 (2.51,2.10,5.66)
0w+~ _ _ BOK* g~ 1.50 (9.94,9.13,16.2)
B"—K"p 0.28-0.74 2.74 . o+
0. Ko _ Bt —K*p° 0.52 (8.42,6.32,11.2)
B - K% +0.03-0.10 1.94 B0, K0,0 091 2 883,07 491
B* K" ¢ 1.30 —258 —K% : (7.88,3.07,4.71)
B"—=K"w 0.44 (10.7,6.21,8.73)
B°— K% 0.01 (6.70,3.58,6.91)
IV. NUMERICAL RESULTS B*—K"¢ 1.55 (7.58,7.63,19.8)
B°—K% 1.42 (6.98,7.02,18.3)

Let us first consider the short distance contribution. Us-
ing, for the CKM matrix elementsy=0.2296, »=0.3249,
A=0.819, and for the involved form factors the value col-|nyoquction, we have not presented an evaluation of the real
lected in Table IV of Ref[48] (a different determination part of A.p. Attempts for theK = channel can be found in

based on QCD sum rules is [@9]), one gets the results |30 311 Typical results are that the real part is of the same
reported in Table Il. These values correspond to the follow,qer of the imaginary part, but the uncertainties are large.

ing value of the angley of the unitarity triangle: To estimate theCP averaged branching ratios we add there-
fore to the imaginary part a real part as follows:

~54.8°. (32

’677
y=arctan —
g Mep=Rep+iZep (34
Next we consider the long distance absorptive part. For its . P

parameters we assume the values of the previous section. Fgd consider the valueR .p=0,=7,p. The results are re-

2 e . ported in Table Il for the three values &, , together with
the D decay constant we ug@s_ F/ VMo, with F given in the results obtained considering only the short distance am-

Eq. (20); for the Isgur-Wise form factor we use the param- yjiyde. They show the relevance of the long-distance contri-
etrization bution. The “best value” ofR .5, might be obtained by a fit
52 to the available experimental data; these data are reported in
) (39 Table IV and a comparison with the results of the previous
1+v-v' table shows that the preferred values, except for the channels
with ¢ in the final state, satisf{R .p~—2Z,p. Instead, the
with p?~1. This parametrization agrees with the results fordecay inK ¢ prefersk p~+1p. To find a "best value” of
theb—c exclusive decays obtained by the CLEO and BelleRcp We defined g¢* as
Collaborations. It is a fit to the results obtained by the QCD
sum rules method, s¢&4]. (Br}h—BrieXp)z

The numerical results for the imaginary part.bt ., are x*= 4 W
! i

E&uv-v')=

(39

given in Table Il. Typical sizes of the different contributions

to B~ —K*%r~ are as follows. From the two terms in Eq. \yhere theBr®*P are reported in Table IV and the(Br;) are
(27): Im M §p=—1.32<10"5; from the terms in Eq(28):  optained summing quadratically the statistic and systematic
ImM%p=-0.16x10"% from the terms in Eq.(29: errors in the same table. When the experiment provides an
Im M §5=—0.66x10"°. For theB~—K%  channel we asymmetric error’* a conservative error was assume:
find: ImM35=-152<10"%; Im MSy=—0.70x10"8; 72
Im M %8=—0.52x10"%. It can be noted that the phase of
Mp is purely weak while the phase it . is only due to
strong interactions.

=max(oy,0,). For the decayB’—K*%7z° we put BréxP

=0 and the corresponding error was fixed to be equal to the

experimental upper limior=3.6x10 6. We have first at-

tempted a fit with only one real parameter R p/Z,p,

which corresponds to the use of the (SUnonet symmetry

for the light vector mesons. The minimum value of
From the results of Table 1l we can compute the branchy?(=12.1) is obtained for =1.207. Since however we do

ing ratios (B) and theCP asymmetries. As explained in the not expect the validity of the nonet hypothesis we have also

A. Branching ratios
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TABLE IV. CP averaged branching ratids(units 10 ). In the second column theoretical values computed using the present model. In
the third column and fourth column theoretical computations based orf 3&f.Scenario(Sc) 1 refers to QCD with factorization and free
v; scenario 2 refers to QCBcharming penguin contributions with constraingdsee text. Experimental data are from CLEQ,2], BaBar
[3,4], and Belle[5] or averages from these data.

Process B (this papey B([32], Sc. 1 B([32], Sc. 2 B (Expt)
Bt —K*O7™" 15.6 7.889 11.080 12443.1 (av)
B-—K* 70 8.44 7.303 8.292 7.173%%+1.0(<31) (CLEO)
BO L K*05;0 5.61 <3.6 (CLEO)
BO—K*Tq~ 12.0 9.760 10.787 19:35.2 (av)
BT"—K%" 14.1 7.140 14.006
Bt —K*p° 8.56 1.882 5.665 8:93.6 (av,)
B—K%?° 4.86 5.865 8.893
B—K*p~ 11.6 6.531 14.304 15:94.7 (av)
B"—K'w 6.19 2.398 6.320 9.2°25+1.0 (CLEO); <4 (BaBay; <7.9 (Belle)
B’ K% 6.27 2.318 5.606 6:81.8 (av)
B*—K'¢ 9.11 8.941 9.479 8:91.2 (av)
B°—K%p 8.39 8.360 8.898 871.4 (av)
tried a two parameter fit, corresponding to the two multiplets B. CP asymmetries

(octettsingley of the light vector mesons. This gives as a  grom previous results we can also compute@feasym-
resultR .p=—0.954Lp, for the (p, K*, w) set of particles  metries for the various channels. The Belle Collaborafn
and two SOlUtiOﬂS, RED: _O.ZOJILD and RﬁD reported the result

=+1.21Z,p, for the ¢ with the samey?=7.8. The former
solution would be preferred because it represents a less im-

K-o_ B(B"—K w)—B(B"—K"w)

iati i A
portant d_eV|at|on of the S3) nonet symmetry. Even if _the cP BB —K )+BB —K' )
two solutions produce the same values of the branching ra-
tios they would produce differel@P asymmetries. The re- =—0.21+0.28+0.03. (36)

sults we find are in Table IV. Besides our data, we also . )
present two model calculations presented3d], where an  1he result we find agrees with the data:
analysis of all thePV (not only stranggfinal states is per-

formed. The first modelcalled in that paper scenarig 1 Aépw:_o'w (theory. (37)
contains short distance terni®CD factorization and un- We also get

constrainedy angle. Other theoretical determinations based

on QCD factorization are in Ref50], e.g. B(B°—K*p™) <0 B(B°— wK®) — B(B°— wK?)

=12.1. The authors of32] do not agree with the conclu- Acp’= BB k) + BB wK®) =-0.05. (39

sions of Duet al,, Ref.[50], because, differently from them,
they include thek* 7 channels. The second modstenario We can similarly compute the asymmetries for Kiemr,K p
2) uses QCD factorization and charming penguin Conmbu'channels, defined by

tions as in the present paper, but differently from this paper,

where only two real free parameters are used, they employ

two universal complex amplitudes multiplied by a computed ;O
Clebsh-Gordan coefficient. It is worthwhile to note that a
significant agreement with the data is obtained with our

simple hypothesis. We also note that the vajuef Eq. (32) 0t
obtained by a global fit to the CKM matrips1] is compat- w
ible with the B—K* 7, K(p,w,¢) branching ratios only if

the charming penguin diagrams are included.

_ B(BT—K*"7%)—B(BT—K* " 7°)
B(BT—K** 7%+ B(B~—=K* 70’

_ B(BY—K*%7")~B(B—K*%7")
B(BT —K*%7*)+ B(B~—K*O7 )’

. BB'—K**7)—BBY—K* ah)
TABLE V. Theoretical values for the asymmetries; for the defi- T B(BOHK* +’7T_)+B(§O—> K* —7T+) !
nitions see Eq(39).

_B(BOHK*OWO)_B(goﬂi*O’ITO)

Asymmetry A0 A" ALT AR AN AST A AY 00
m

Acp 027 0 031-004 027 0 0.30-0.08 B(B°—K*97%) + B(B®—K*°70)

(39
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with analogous definitions for th&p channel, with A, ACKNOWLEDGMENTS
— A, and the changes* —K and 7— p.
The results are presented in Table V. They have a peculiar
pattern and will therefore provide a crucial test of the present We thank T.N. Pham for valuable collaboration at an early

model when future experimental data for these asymmetriedf@ge of this work. C.1. is partially supported by MIUR under
are available. COFIN PRIN-2001.
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