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Electroweak penguin amplitudes and constraints ony in charmlessB— VP decays
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Electroweak penguiEWP) amplitudes are studied model independentlBimeson decays to charmless
final states consisting of a vector meqdft and a pseudoscalar mesdp)( A set of SU3) relations is derived
between EWP contributions and tree amplitudes, in the approximation of retaining only the dominant EWP
operatordQ, andQ,,. Two applications are described for constraining the weak phageB*— p*K° and
B*—p°%K* (or B*—K** 7% andB* —K*%7 "), and inB°—K* * 7™ andB*— ¢K ™. Theoretical uncertain-
ties are discussed.

PACS numbs(s): 13.25.Hw, 11.30.Er, 12.15.Ji, 14.40.Nd

[. INTRODUCTION based analys€dl6]. Such values ofy are in sharp conflict
with an overall CKM parameter analydi$7] based on very
B meson decays to charmless final states open a windowaptimistic assumptions about theoretical uncertainties in had-
into new phenomena o P violation [1], providing useful  ronic parameters. A more conservative estimate of these er-
information about the Kobayashi-Maskawa phase rors[18] implies y<90°, based primarily on a lower limit

=ArgV;,. Decays to states consisting of two light pseudos<or BS-§S mixing, Ams>14.3 ps ! [19]. Using a somewhat
calars B—PP), such asB— w7 and B—K, have been wider range for the relevant $B) breaking parameter,
for some time the subject of extensive studies. The amplif; ,/Bg /f5+/Bg, we concluded recentfd5] that values ofy
tudes of these processes involve hadronic matrix elements g‘iz:]htlyslarger than 90° cannot be definitely excluded.

a low energy effective weak Hamiltonian between an initial Two major assumptions were made [ib5] in order to

B meson and tvyo final pseudoscalar mesons. The Weazli(rrive at the indication thag>90° within the framework of
Hamiltonian consists of the sum of three types of four quark; . SUQ3). (1) The relative strong phase between penguin
operators, namely twd(—A)(V—A) current-current opera-  5n4 tree amplitudes iB°—K* 7 was assumed to be
tors (Qy,2), four QCD penguin operator€)s 459, and four  gmajier than 90°(2) The magnitude of a color-favored EWP
electroweak penguifEWP) operators Q75919 With differ-  contribution in B*— ¢K* was taken from factorization-
ent chiral structures. A major line of analy$B] consists of pased calculationf20,21], and color-suppressed EWP con-
model-independent studies of hadronic matrix elements ofributions were neglected. The first assumption is rather plau-
these operators, which do not rely on factorization-basedible, and can be justified on the basis of both perturbative
models[3,4]. Approximate flavor S(B) symmetry of strong [4,22] and statistica]23] estimates of final state phases. The
interactions was employeld—8| in order to describe these second assumption is manifestly model-dependent. One
matrix elements in a graphical manner in terms of a relawould hope to be able to replace it by a model-independent
tively small number of amplitudes. study.

A useful simplification was achievd®,10] by noting that In order to studyB— VP decays in a model-independent
in certain cases, such as Bidecay to an isospin 3/Kmr manner, we propose in this article to derive (S)Urelations
state, thedominant EWP amplitude is simply related by between color-favored and color-suppressed EWP ampli-
SU(3) to the corresponding current-current contribution, andtudes, on the one hand, and current-current contributions on
does not introduce a new unknown quantity into the analysisthe other hand. The relations, obtained in the approximation
This simplification, obtained when retaining only th& ( of retaining only the dominant(—A)(V—A) EWP opera-
—A)(V—A) EWP operators@Qq andQ;), led to a promis- tors, eliminate eight of the hadronic parameters describing
ing way of measuring the weak phagd11,12. charmlesB— VP decays in the S(B) framework.

A first SU(3) analysis ofB mesons decays to a charmless In Sec. Il we recall the general $8) structure of the
vector mesor{V) and a pseudoscalar mesdp)( classifying  effective weak Hamiltonian, paying particular attention to its
contributions in terms of graphical $8) amplitudes, was current-current part and its dominant electroweak term. We
presented i13]. Several factorization-based calculations of show that corresponding components of these operators,
these processes can be found[8]. Measurements oB transforming as given SQ3) representations, are propor-
—VP decays were reported by the CLEO Collaborationtional to each other. In Sec. Il we use this feature to study
working at the Cornell Electron Storage RIGGESR [14].  the SUS3) structure oB— VP amplitudes, and in Sec. IV we
The experimental results were used recefitly] in order to  express EWP contributions iB—VP decays in terms of
identify dominant and subdominant interfering amplitudes incorresponding tree amplitudes.
certain processes. Interference effects between these ampli- Two applications are demonstrated in Sec. V for con-
tudes seem to favoibut do not necessarily implya weak  straining the weak phasgby charge-averaged ratios of rates
phasey in the second quadrant of the unitarity triangle plot.in B*—p~K® and B*—p°K* (or B*—K**#° and B*

A similar conclusion was drawn recently in factorization- —K*°%7*), and inB°—K* “7* andB™— ¢K ™. In the first
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case, no data exist at this time. In the second case, emstmq—

data may imply a lower limit ony, provided that a better
understanding is achieved for 8) breaking in QCD pen-
guin amplitudes and for the effects of color- and Okubo-
Zweig-lizuka- (OZI-) suppressed amplitudes. We conclude
in Sec. VL.

Il. SU(3) STRUCTURE OF WEAK HAMILTONIAN

The low energy effective weak Hamiltonian governiBg
meson decays is given §24]

Ge

EZ

g=d,s

E )\(q)[cl(bq Jv-a(Q'Av-a

q'=u,.c

H:

10

+Cz(HQ)v—A(a'q/)v—A]_)\gq)gg cQ@], (@

where )\(“)—V spVarg, d=ds, a'=uct, AP+
+)\(q)—0 The flrst terms, involving the coefficients and

¢, and describing both)—>quu and b—>qcc, will be re-
ferred to as “current-current” operators, while the other
terms, involvingc; i =3—10, consist of four QCD penguin
operators (=3—6) and four EWP operatorsi € 7—10).
The EWP operators with the dominant Wilson coefficients,
Qg andQq, both have a¥—A)(V—A) structure similar to
the current-current term. Their flavor structure is

|

1

[ 2 1 2
(bq) —uu——dd— ss+

=CC

3
Q=3 3

2 - 1
3 (bu)(ug)— z(bd)(dq)

1 — 2
~5(bs)(sq)+ 5 (be)(ca) |. @

All four-quark operators appearing in Ed.) are of the form
(bg,)(g,03) and can be written as a sum db, 6 and 3,
into which the producB® 3% 3 is decomposei5,7,8. The
representatioEappears both symmetrig(f’), and antisym-

metric (3'®) under the interchange of; andqs. Four-quark
operators, belonging to each of these($Uepresentations
and carrying given values of isospin, are listed in the appen,
dix of [10].

The “tree” part of the current-current Hamiltonian, cor-
responding to the term’ =u descr|b|ngo—>quu transitions,
can be written a§10]
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The dominant EWP term, excludirim—qcc (to be referred
to as the noncharming EWP operatas
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Equations(3) and (4) teach us something very important.
For a given strangeness-change, tli® and 6 components
of the tree operator and the dominant EWP operator in the
Hamiltonian are proportional to each other

4

3 Co+Cio NP
(q) —_ 297107t 4 (g
HEWe(15) PR )\&q)HT (15), (5)
3 Ccg—Cqig\
(q) _2>X9 M0t 4 (g)
HEWP(G) 2 Cl_CZ )\I(Jq) T (6) (6)

Here the superscriptg=d,s denote strangeness-conserving
and strangeness-changing transitions, respectively. The
above two relations are unaffected by the inclusion of the

current-current and EWP operators describdingqcc tran-
sitions, each of which transforms as an antitriplet.

A similar relation between thd parts of Hewp and Hy
holds only when the two ratios of Wilson coefficientgg (
+cyi0/(ci+Cy) and (Cg—cq0)/(ci—Cy), are equal. Indeed,
these two ratios, which are approximately renormalization
scale independent, are equal to a very good approximation
[10]. At a scaleu=m,, they differ by less than 3%®24,25
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Co+C Co—C ABO—p KN =AT[—P,\—T
97C0_ ) 139, P70 107, @ (B"—p )=Ay[=Pucv—Tvl
cit+cC, C,—C»

NI = Py + EW(B—p K™)

wherea=1/129. We will take the average of the two ratios +EW(B%—p K™)], (10

and denote it b
y< Where PUC,V: PU,V_ PC,V y PtC,V: Pt,V_ PC,V . BOth TV and

P, v are contributions from the tree HamiltonidB), and

= CotCio_Co—Cio_ 112 (8  Will be referred to as tree amplitudes, in spite of the fact that
Ci+C; C1—Cy P, v may be depicted as a penguin diagram with an internal
u quark.P.\ and EW, originate inb— cqc current-current
In this approximation, we also have and EWP operators, respectively, and will be referred to as
charming penguin and charming EWP terms. FinaRy,,
1 2@ andEW are contributions from QCD penguin operators and
HI(Eq\)VP(‘?’): _Kt_H(Tq)(3)_ (9) frc_)m the dominant noncharmln_g EWP Hamﬂtom@h, and
2 )\Eﬁ) will be referred to as noncharming penguin amplitud&ne

expects EW,|<|EW|.)
In previous analyses, EWP contributidi&8] multiplying
) were taken to be independent of the other terms. They

We note that this relation excludes the current-current angi\(q
t
Were introduced through the substituti29]

EWP b—qcc operators which transform as an independen
antitriplet. As mentioned, the two relatiortS) and (6) are

unaffected by the inclusion of these operators. Tu—ty=Tu+EWS, Cy—cu=Cyn+EWy,

The operator relation), (6) and(9) lead to correspond- (11)
ing relations between tree and EWP amplitudes contributing
to various processes. An interesting examf@el(] is B Pu—pPu=Pn— §EV\/§,|.

—(K1r),-3/2, in which one chooses the finklr state to be

in 1 =3/2. This S-wave state, which is symmetric under in-The color-favored EW,) and color-suppressedEWN)
terchanging the two S@) octets, is pur@7. The only SU3)  Ewp amplitudes, in which the spectator enters the ma&on
operator in the Hamiltonian which contributes to this transi-yere considered to be independent of the other amplitudes.
tion is 15[5,7,8. Consequently, the ratio of EWP and tree They are calculable in specific models based on factorization
contributions  in B—(Km),_3, is given simply by [3]. Four other EWP contributiod80], in which the specta-
—(3/2)k(MPIN{Y). This feature was shown to have a useful tor quark enters into the effective EWP Hamiltonian, were
implication when studying the weak phasein B*—Km  neglected. Such amplitudes can be enhanced by rescattering.
decays. In the next two sections we will study generalizaincluding these amplitudes introduces a total of eight addi-
tions of this relation irB— VP decays. tional unknown parameters into the &Y analysis.

Here we wish to use the approximate operator equalities
(5), (6) and(9) in order to relate all eight EWP parameters to
tree amplitudes. We will find relations between the dominant

In Refs.[13,15 B—VP amplitudes were expressed in noncharming EWP contribution&W multiplying A{* and
terms of reduced S@3) amplitudes depicted in graphical the tree amplitudes multiplyingfﬁ). This program, analo-
form. For the most part, we will consider in this paper decaygous to the study of EWP amplitudesBa- P P decayq10],
amplitudes into states involving two octet mesons, whichcan be carried out by expressing tree and EWP amplitudes in
consist of Ty, (tred, Cy (color-suppressed Py, (QCD- terms of reduced S(@3) matrix elements.
penguin, Ey, (exchangg Ay (annihilation andPA,, (pen- Counting the number of reduced matrix elements Bor
guin annihilation. The suffixM =P, V on the three ampli- decays to two octe¥ P states, one findgs] five amplitudes
tudesT, C and P denotes whether the spectator quark isfor SU(3) symmetricVP states
included in a pseudoscalar or vector meson, respectively. In _

Ey, Ay andPA,, the suffix denotes the type of meson into (1[3[3), (84|3I3), (846]3), (84I5|3), (27|153),
which the outgoing quarly; enters inbq;—q,0s. In the last (12)
six amplitudes the spectator quark enters into the decag
Hamiltonian. These contributions, which were neglected in

Ill. SU (3) DECOMPOSITION OF B—VP AMPLITUDES

nd five matrix elements for antisymmetric states

[13,15, may be important in the presence of rescattering 8.13]3 .l6l3 10163
[26], and will not be neglected here. (8133, (&el3),  (106]3), 13
We will use a somewhat different notation for the graphi- (8/T53) <m|1—3|3>
al ’ .

cal amplitudes than 113,15 by factoring out Cabibbo-

Kobayashi-MaskaweCKM) elements. We will also separate  The decomposition oB—VP amplitudes in terms of
the charming penguin contributiof27], related tob—qcc,  these reduced matrix elements, occurring both in tree and
from the noncharming terms. Thus, for instance, a typicaEWP contributions, is given in Table | fakS=1 decays.
AS=1 amplitude is given by The coefficients of the reduced matrix elements are tabulated
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TABLE |. Decomposition ofB— pK amplitudes into S(B) re-
duced matrix element§l2) and (13). The coefficients for corre-
spondingB— K* 7 decays are the same for Ed2) and have op-
posite signs for Eq(13).

Reduced

amplitude BT —p*'K® B"—p°%K* B—p K" B9—poKP°
(13]3) 0 0 0 0
(833 -3 B0 BB 30
(8416]|3) 15 —-1/y/10 145 —-1/J10
(8J15|3)  —3.3/5 3/6/10 —3/5 \J6/10
(2715)3) 24315 4\6/5 4315 3/6/5
(8JI3]3) INE] -11/6 -113 16
(8,/6/I3) -1/3 V216 -1/3 V216
(10(6|3) V213 2/3 J2/3 213
(8415(3) V3/5 —/3/10 1N15  —1/Y30
(10/15(3) 0 0 213 —2/3

for all four B— pK decay processes. The amplitudes Bor

—K* 7 processes are obtained by interchanging thé3gU
flavors of the vector and pseudoscalar mesons. Consé14)_(

quently, the coefficients of the five symmetric elemgi®
are the same as in the correspondiBg-pK decays,

whereas the coefficients of the five antisymmetric elements”P

(13) change sign.

Expressions of the reduced elemeifi®) in terms of
graphical tree amplitudes iB— PP were given in the ap-
pendix of [7]. They can be transcribed to the case Bof
—VP by defining combinations of amplitudeX = (X

PHYSICAL REVIEW D 62 014031

o 1
<1Q|154|3>—m(1'+c)a, (19
. 1[5
<8a||13|3>=—g\/;(TJrC—SA—SE)a, (20)
1
<1QI6||3>=—E(T—C)a, (22)
1
(8a||6||3>=—Z(T—C+3A—3E)a, (22)
<8a||§||3>=§(3T+3A—C—E+8Pu)a. (23)

Here the number of graphical amplitudes is identical to that
of the reduced S(3) matrix elements. The amplitudeA, ,
vanishes, since the penguin annihilation graph leads to an
SU(3) singlet state. By substituting the expressions of Egs.
23) into Table |, it is straightforward to check that one
obtains the appropriate graphical description of tree ampli-
tudes for allB— PV decays, such as written directly f&°

“K™ in Eqg. (10).

IV. EWP IN TERMS OF TREE AMPLITUDES
The expressiong14)—(23), for tree amplitudes corre-
sponding to given S(B) representations, and the proportion-
ality relations(5), (6) and (9), can be used with Table | in

+Xp)/2, which are symmetric under interchanging the vec-order to calculate EWP contributions B— VP decays in

tor and pseudoscalar mesdnge define K+ Y) =X+ Y]:

_ 1
(27|15/3)= —m(ﬂ‘ C)s, (14
_ 1
(84]15|3)= —ﬁ(T+ C+5A+5E),, (15)
5
(846/3)= - §<T—C—A+E>s, (16
_ 1 /5
<85|33>=—§\[§(3T+3A—C—E+8Pu)s, (17)
— 1
(1H3H3)=ﬁ(3T—C+ 8E+8P,+ 12PA,)s. (18)

The set of six graphical amplitudes on the right-hand sides is
over-complete. The physical processes involve only five lin-
ear combinations of these amplitudes. Similar relations are

obtained for the amplitude@l3) in terms of antisymmetric
combinations X,=(Xy—Xp)/2 [we define K+Y),=X,
+VY,l:

terms of graphical tree amplitudes. The results A8=1
processes, multiplying\(¥, are summarized in Table II.
Also included are expressions for the corresponding tree am-
plitudes multiplying\ ¥ . For comparison wittB— PP de-
cays, we give expressions for the amplitudes Bf
—KO%* andB*—K " 7. In Table Il we list the graphical
expansion of tree amplitudes S=0 B— VP decays. For
comparison wittB— P P, we also include the tree amplitude
of B*— "% EWP contributions in this proce$40], as
well as in severaV P amplitudes involvingT, andT,,, are
negligible.

Before discussing a few interesting relations between
EWP and tree amplitudes following from Tables Il and I,
let us recall the relation between our present results and the
traditional approach to EWP contributions. The graphical
EWP amplitudes, which in the conventional approach are
independent parameters, are given here in terms of graphical
tree amplitudes. In the notation [#9], expanded in the case
of rescattering effects to a set of eight graphical EWP ampli-
tudes[30], one finds, foM=P,V,

3k
EWM=—7(TM+PU’M,), M’'#M, (24)

3
EWG= S (Pum—Cu), (25)
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TABLE Il. Graphical EWP and tree amplitudes &5=1 B— VP decays. Amplitudes foB* — K are
given for comparison.

Decay mode Tree amplitude EWP amplitude
B —p KO Ay+P,y %(CV—ZEVJr Puv)
Bt —pK* —i(TV+cp+AV+P v) L(3T,3+2c:\,+25\,fp v)
V2 " 22 )
K
BO—p K" —(Tv+Pyy) E(ZCV* Ev—Puv)
B%— p°K° i(—cF,JrP v) L(3TP+CV+EV+P V)
2 " 22 -
K
BT —K*07" Ap+Pyp E(CF,—ZEP+ Pup)
Bt —K* ' 70 —i(TP+cV+AP+P p) L(3T\,+20P+2EP—P p)
V2 B 2\2 B
K
BO—K* "7~ —(Tp+Pyup) E(ZCP_EP_ Pup)
BO—K*070 i(_Cv“‘P P) . (8Ty+CptEptPyp)
V2 B 2\2 B
K
B*—KOor* A+P, 5(C—2E+P,)
Bt =K*#° —i(T+C+A+Pu) L(3T+2C+2E—Pu)
V2 242

3k This relation follows directly from Eq(5). The two states,
EWEM:7(Pu,M_EM), (260 K7 ")+ \2|[KT 7% =]1=3/20 and \2|7" 7% s.wave
=|I12>, are members of &7 representation to which only
3k the 15 operator contributes. The corresponding relation in
EWAM=7(PAU,M—AM). (27 B—VPis

The amplitudesEWA,, do not occur in the processes of

Table Il. They do occur iBg decays. EW(p"K%+ \/EEW(p°K+)+ EW(K*O7 )
Tables Il and Il imply a few S(B) relations between
EWP and tree amplitudes of correspondiBg-V P decay +2EW(K* * 70)

processes, which are similar to the relation noted recently to
hold inB*" — K= decayq9,10]. Starting with the latter case,

and denoting EWP and tree contributions BW and TR, _ 3« [A(p* 70+ A(p°7 )]
respectively, we have NN
EW(K%7 ™)+ V2EW(K " 7°) 3k
:7(TP+TV+CP+CP)- (29

=— %[TR(KOTF’H- V2TR(K* 79)]

3k
————A(7" 7O . . +,0
\/5)\{,") In this case the two S@3)-symmetrizedV P states,/p”K®)
+ V2| pPK Y+ |K* O )+ 2|K* T 70 (isospin 3/2 and
=3—K(T+C) (28) V2(|lpt 7% +|p°7 ™)) (isospin 2, belong to a27 represen-
2 ' tation.
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TABLE Ill. Graphical tree amplitudes iA S=0 B— VP decays. Tree amplitude f&" — 7+ 70 is given

for comparison.

Decay mode Tree amplitude
B+ +,.0 1

-P T _E(TP+CV+ Pup=PuvtAp—Ay)
B+ 0.+ 1

P _ﬁ(TV+CP_Pu,P+Pu,V_AP+AV)
BT —K**KO AvtPyy
B* »K*K™* Apt+Pyp
BO—p a" —(Ty+Pyy+Ep+3PA, p+3PA,Y)

P \% u,Vv PT2 u,P 2 u,V.

BOptam —(Tp+Pyp+Ey+3PA, p+3PA,Y)
BO— pOr° 3(Pup+Puy—Cp—Cy+Ep+Ey+PA,p+PA,\)
BO—K* K" —(Byt2PAp+2PAY)
BO—K*K* —(EptzPA,p+zPA,Y)
BO—K*°K® PuvtzPALp+ZPALY
BO—K*°K® Pupt 2PALpT 2PALY

+ +,.0 1
B"—m"w —E(T‘f‘c)

Two other relations can be obtained from Table II:

EW(p"K®) + 2EW(p°K ")

=— ?’Z—K[TR(K*OW+)+ V2TR(K* *79)]
3k
=7(TP+Cv)v (30

EW(K*O7r ™)+ V2EW(K* * 7r0)
=- ?’Z—K[TR<p+K°)+ﬁTR<p°K+>]

3k

BT —K*°K*. In this approximation, one can also express
the sums of EWP contributions in Eq80) and(31) in terms
of B — p7 amplitudes, similar to E¢(28),

3k
EW(p K%+ V2EW(p°K ") = - Alp* ),
B
(32
EW(K* O ) 4 VZEW(K* * 70) = — —— A0 ).
NS
(33

These approximate relations are useful when studying
charge-averaged ratios of rates for the processes on the left
hand sides.

Relations of the form(30) and (31) are obeyed also by
EWP and tree decay amplitudes BP to p~ K™, p°K?°,

These relations can be understood in the following way. Th&* 7~ andK* 7P, This is easy to understand. These con-

two 1=3/2 states, |pTK+2|p°K*) and |K*Oz")

tributions, as well as the entire decay amplitudes, which also

+2|K* * 7%, form the sum and difference, respectively, of contain dominant gluonic penguin terms, satisfy an isospin
a 27 and a10 representation. This can be easily verified inrelation with corresponding™* decay amplitude§31]:

Table I. The27 and 10 states obtain contributions only from

15 and 6 operators, respectively. Equatiofs) and (6), in

which the proportionality constants have equal magnitudes

and opposite signs, lead immediately to E@®) and(31). It

is clear from these considerations that these relations ho'ﬂn analogous isospin equality holds BrK*

also in the presence of current-current and EWR qcc
operators transforming as an antitriplet.

A useful approximation is obtained by neglectingBri
—pm the rescattering amplitudes?, y+Ay [26]. The

smallness of these terms can be teste® in—K* *K° and

A(B*—pTK®)+2A(BT—p°K™)
=A(B’—p K+ \/EA( B°—p°K%). (34

7 decay am-
plitudes. Finally, a relation similar to E¢29), betweenAS
=1 decays td =3/2 on the one hand antiS=0 decays to
=2 on the other hand, can be written by combining all
seven neutraB decay amplitudes tpK, K*7 and pw
states:
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EW(p K*)+ V2EW(p°K®) + EW(K* " 77) —KO%" decay amplitude. Keeping the dominant term in Eq.
(38) and neglecting smaller terms, one obtains the bound
+V2EW(K*79)
|1-R, Y(Km)|
|COS‘}/_ 5EW|> T (41)

3k
=- W[A(p_WJr)JFA(PJrW_)+2A(p°770)]
. This bound can provide useful information abouin case
K that a value different from one is measured Ryr* . Further
= (TptTy+Cpt+Cp). (85 information about the weak phase can be obtained by mea-
suring separatel™ andB™~ decay rate$11]. Equation(28)
plays a crucial role in these applications.
V. APPLICATIONS 2. Generalization to B— pK and B* —K* 7.
1. Resolving EWP in B—Kr. Whereas Eq(28) relates EWP and tree contributions in

Let us first reiterate the manner in which E@8) has the same sum of tw®" —Km amplitudes, the analogous
been applied in order to obtain a model-independent conEds- (30) and (31) relate EWP contributions in a sum of

straint ony from the charge-averaged rafig] B*— pK amplitudes to tree contributions in another sum of
B—K* 7 amplitudes, and vice versa. This introduces some
) 2[B(B* =K' 7% +B(B™—K 79] hadronic dependence in possible constrainty drom these
R, (Km)= " o T processes.
B(B"—K'7")+B(B" =K 7") Consider, for instance, the charge-averaged ratio of rates

(36)  for the processeB=— p=K° andB* — p°K =

Using our graphical notation for amplitudes, one has 2[B(B* — pPK+)+B(B~— p°K )]
R, (pK)=

V2A(BY =K 7%=~ \O[T+C+ P +A] B(BT—p K% +B(B~—p K%

(42)
~MI[P— V2EW(K T 79)], _ . , ,
Using Table Il for graphical expressions of amplitudes, ap-
A(B+—>K°77+)=)\ff)[Puc+A] plying Eqg. (30), and neglecting rescattering contributions
Pucvt Ay, which affect the above ratio only by second or-
AP +EWKO7)].  (37)  der terms, as in Eq38), one has

The two electroweak penguin terms, containing also contri-V2A(B* — p°K*)=—|\P|[(Ty+Cp)e' "= (Tp+Cy) Sewl
butions fromb— qcc operators, satisfy Eq28). Substitut- “AO[P, y+EW]
ing these expressions into E@6), applying unitarity of the ! eV '

CKM matrix, and expanding in small quantities, one finds A(B+_)p+KO):)\ES)[PtcV+EW]

R, }(K7)=1—2€cos$(cosy— dew) EW=EW(B" pKO). (43

2 2
TO(e7)+ Oleen) +O(en), (38) We define two ratios of amplitudes

where p=Arg((T+ CJ/[P,c+ EW(BT—=K%71)]). VAV, Ty+Co

The real and positive parametégy, [9] stands for the eye V= ,
ratio of EWP and tree contributions in the sui(B™ VX Ve PrevtEW
—K%7 ")+ 2A(B* —K ' 7%, and is determined purely by (44)
Wilson coefficients and by a presently poorly known CKM o [ViVud Tp+Cy
factor[see Eq.(28 €p€ TP = ;
[ q(28)] IVEVed PreyvtEW
3k | VepVes the magnitudes of which are measuredgi—p°7* and

Sew= 2

== =0.65+0.15. (39 0

uqus

B™—p" @’ respectively(see Table Ill, where we neglect
rescattering term® e m+Aum)

The quantity e=[IViVud/|VeVed I T+ Cl/| Py

+EW(B"—K%7")|] is measurable frorfi32,33 fv:\/— Vys Tk |ABT—pP7 )]
Vud f7T |A(B+—>p+KO)|
f |A(B+—>77 7T+)| (45)
US K
= — ——=0.21+0.05. (40
=2y udfwlA(B+~>Ko ] 40 ep=\/_v“sf"* |A(BT—p ™ 79|

_ _ - Vug Ty [A(BT—=p KO
€5 denotes a small rescattering amplity@é], which intro-
duces a termP,.+A with weak phasey into the B* We find
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R, }(pK)=1—2€,C08h\,COSY+2€pSecOSdp. (46)  gluons, and two “hairpin” diagrams, of annihilatiorASy)
and exchangeHSy) types, in which the extrgq forms the
This expression, which neglects higher order correctionssinglet vector meson. Thus, one has
simplifies into the form(38) in the caseTy,+Cp=Tp

+Cy, or A(B*—p°m")=A(B*—p* 9. In general, this AB"— KN =AI[Ap+ P ptAS]
is not the case. Without making any assumption about the © N
magnitudes of these amplitudes and their strong phases, one TN [P pt SpHEW(¢K™)
obtains the rather weak constraint FEW, (6K )], (50)
1-R Y(pK € :
|cosy|= I1=R et 5EW( —P) . (47)  Wwhere, applying Eqs(24)—(26),
26V €y
1
This bound is manifestly weaker than the constrauit) EW(¢pKT)=— §(EWP+ EV\/S—ZEWEP)

obtained[9] for B—Kr. In order to exclude values of

around 90° the right hand side must be positive. This does K

not only require that a value different from one is measured =5 (Tp+Cp=2Ep+Pyp+Pyy). (51)
for R, *(pK), but also thafA(B™ —p* 7| is considerably

smaller thadA(B" — p°z™)|. A similar argument applies to We will assume, as usubd, 7,29, that Tp is larger than

Rl R : _
the ratioR, “(K* ) in B=—K* 7 decays. Since these two || other tree amplitudes and larger than the current-current
ratios have not yet been measured, no constraint oan be amplitude associated with—qcc. (Recall that the CKM

obtained at this time. - e .
0 Lt — " coefficients are factored outSimilarly, we will assume that
3K+A lower bound ony from B'—K*"#~ and B |[EW|>|EW,|. The amplitudeSp will be neglected by virtue
— oK™ of the Okubo-Zweig-lizukaOZI) rule. We note that in the

A plausible argument which favors cpgsO was pre- factorization approacf1], S is very sensitive to the num-
sented recently in Ref15], based primarily on recent CLEO ber of coIorsNF:r,J and var;isr:es aﬂcy=3. The EWP contri-

0 *+ - + + i
?hata(;)nB_ﬂKt 77 l_?n(;jB H‘ﬁtK.b .tl_n th'ts atrﬁument, oy hiution inB*— ¢K* is dominated by a term proportional to
e dominant amplitudes contributing to these processe%P, which is measured iB*—p*7° andB—p*m~ as
Pic.p, EWp andTp, were taken into account, while smaller discussed below
terms were ne_glected. The argument was baged_on certain Keeping only dominant and subdominant terms in each
model calculations of EWP amplitudg20,21], which imply amoli
. . . . plitude, one has
EWp~Pp/2. This relation, obtained for certain values of a
set of parameters, including the effective number of colors in ABO—K** 7 )=—\ Picp— NG To, (52)
a 1N, expansion, also assumes that the two amplitudes have vt .
equal strong phases. Here we would like to replace these
model-dependent assumptions by our general3stésults, A(B+—>¢K*)=)\§S)
which relate electroweak penguin contributions to tree am-
plitudes rather than to gluonic penguin amplitudes. As in i o )
[15], we will keep only the dominant and subdominant!n this approximation, the two amplitude®,.r and Tp,

K
Pipt ETP}- (53

terms. contribute with the same weak phaseBii— K™, and in-
The amplitude 0B°—K** 7~ is terfere with a relative weak phase—y in B—K** 7.
Defining
ABO—K* 7)==\ Tp+Pycp]
NI Py p— EW(K* *77) s N Te (r>0) (54)
- - T re‘= r>0),
t [ tc,P ( |)\§S)| PIC,P
—EW (K*"77)], (48
we have
whereEW(K* * 77) is given in Table Il _
AB—K* T r ) )=—\O P p[1-rel "7, (55)
K
EW(K*+777):E(ZCP_EP_PU,P)' (49) 1
A(BT—¢pK")=AO P, 1-3dewre', (56)

The amplitude oB* — ¢K™ involves also the S(B) singlet
component of thep. In a general S(B) analysis, this com- where 8¢y is defined in Eq(39).

ponent introduces three new reduced($lamplitudes, of In the limit of neglecting the tree amplitude=0, the

the 3, 6 and 15 operators, for the final octet state. Theserates of the two processes are seen to be equal. Experiments
three amplitudes are described by three new graphs: A dissbtain 90% confidence level limits on the charge-averaged
connected penguin diagrarBp [15], in which a singletqq  rates[14], B(B®—K* *7)>12x10"° and B(B* — ¢K*)

pair is connected to the rest of the diagram by at least threet5.9x 10 6. This is evidence for a nonzero contribution of
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Tp, namelyr #0. The ratio of charge-averaged rates satis-
fies, at 90% C.L.(we neglect theB™ —BP lifetime differ-
ence,

Rsuiz)=

PHYSICAL REVIEW D62 014031

Picp(B"—¢K™)
Pic,p(B*—=K**77)

_ Tp(BT—¢K™)
Tp(B—K**77)

|A(BO—K* =7 )2 1+r2—2r cosé cosy
|A(B*— ¢pK*)|2 1+ (8ew/3)?r?—(2/3) Sgwr coss

_ fy FBK(mi)

frox FBw(mi*)

~1.25. (59)
>2.0. (57)

Since this factor enhances the amplitudeBof— ¢K ™ rela-
tive to that of B°—K ™7, the bound ony (57) becomes

In order to use this inequality for information aboyt one 5 - ) ’
stronger by a factoRg ). This would imply, for instance,

must include some input aboutand 6, the relative magni- o sy o :
tude and strong phase of tree and penguin amplitud&? in = %OO 'I a valuer=1is measur_ed " —p E.mdB
—K* 7™, and stronger bounds if a lower valuero mea-

—K** 77, Areasonable assumption, supported both by per- i o
turbative [4,27) and statistical[23] calculations, is thats sured. This, and the above comment on the possibility that

. . <1,i itivi
does not exceed 90°, i.e. c850. A conservative assump- Rsu)<1, illustrate the sensitivity of these bounds to(SJ

i boutr is r<1. Making th 0 i breaking effects.
f:ﬁgsa outr 1S r=1. Making these two assumptions, one Although the present experimental inequalify) (which

may change with timeis already interesting, our above dis-
cussion shows that it would be premature at this point to
translate this inequality into a realistic lower bound ¢n
Further study is required of the following effects:

(a) SU(3) breaking in penguin amplitudes: are these am-
plitudes approximately factorizable?

(b) Magnitudes and strong phases of smaller terms, in-
cluding color-suppressed tree and OZI-suppressed penguin
This impliesy>62° forr=1, andy>105° forr=0.5, when  amplitudes.

Sew is taken in the rangé39). Some very indirect evidence () An actual measurement af, the ratio of tree-to-

for r <0.55 was presented [i5], relying on a nonzero value penguin amplitudes iB°—K* " 7.

of Tp obtained fromB°—p* 7" and Bt —p°nt/wn?.
More direct information about is required, and can be in-
ferred from future rate measurements®f—p* 7° or B®
—ptm andBt—K*%7*. These processes are dominated

by Tp andPy p, respectively(see Table Ill and15]). We have studied EWP amplitudes B—VP decays

The bound ony (58), which is based on the experimental within the model independent framework of flavor GV
limit (57), neglects smaller terms in the amplitudé$) and  While retaining only contributions from the dominan¥ (
(50), primarily the color-suppressed terns in Egs. (49) —A)(V—A) operatorsQg andQ;,, we were able to express
and (51) and the OZl-suppressed penguin amplitiglein  these contributions in terms of tree amplitudes. This reduces
Eq. (50). For|Cp/Tp|=0.1(0.2) [4], our limits move up or considerably the number of hadronic parameters describing a
down by about 5° (10°), depending on whether the interferlarge number of processes.
ence betweel€p and T; is destructive or constructive, re-  Two applications were demonstrated in attempting to con-
spectively. strain the weak phasg. In B —p*K® andB* — p°K™* (or

The above limits also assuniby SU3)] equal gluonic in B*—=K*%z* andB*—K* * 7% we studied a generaliza-
penguin contributions in the two processes. An importantion of the method suggested @] for B* — K. We find
question relevant to these bounds is the magnitude and sighat the constraint becomes weaker due to some dependence
of SU(3) breaking in penguin amplitudes. For instance, if theon hadronic matrix elements.
penguin amplitude iB* — ¢K™ is smallerby 30% than in In a second application we reexamined the dec&s
B°—K** 7™, then the above bounds are completely invali-—K* * 7~ andB" — ¢K ™, studied recently ii15], where
dated. On the other hand, the constraint becomes strongerBWP contributions were taken from model-calculations. We
the penguin amplitude iB*— $K* is larger than in B° kept only the dominant and subdominant terms and assumed
—K** 77, This is the case in explicitly Si3) breaking that the relevant strong phase does not exceed 90°. The
factorization-based calculations, in which the two amplitudegpresent lower limit on the charge-averaged ratio of rates for
involve the products of corresponding vector meson decaghese two processes leads to an interesting lower bound on
constants an@-to-pseudoscalar form factors. Eq. (58). The bound depends an the ratio of tree to pen-

In the factorization approximation, $8) breaking factors guin amplitudes irB°—K* * 77~, which can be measured in
in penguin and tree amplitudes occurring in Es2) and B*%—p" 7% and B* —K*%z". Corrections from color-
(53) are given by[21] suppressed and OZI-suppressed terms are estimated to move

2 —1+r[1-2(5ew/3)?]

3 (58)

VI. CONCLUSION
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the bound by about 10 degrees. A larger correction may beeveral relations betwedDP violating rate differences. This
due to SU3) breaking in penguin amplitudes. In case thatwork did not make use of the symmetry relations between
SU(3) breaking decreases the penguin amplitudeBih EWP and tree amplitudes studied in the present paper.

— @K™ relative to the one iB°—K* "7, contrary to the

p_rediction of factorization, the bound onmay beco_me_con- ACKNOWLEDGMENTS
siderably weaker. A proof of approximate factorization for
penguin amplitudes inB—VP decays, which would | thank Dan Pirjol and Jon Rosner for useful discussions.

strengthen the bound, is therefore of great importance. This work was supported in part by the Israel Science Foun-
Note addedThree months after the submission for publi- dation founded by the Israel Academy of Sciences and Hu-
cation of this paper a work appeargg#], in which flavor  manities, by the United States—Israel Binational Science
SU(3) symmetry(or, actually an extended nonet symmetry Foundation under Research Grant Agreement 98-00237, and
was applied to charmles3— VP decays, in order to prove by the fund for the promotion of research at the Technion.

[1] For a recent review, see M. Gronaroceedings of the 1999 [14] CLEO Collaboration, M. Bishaiet al, CLEO Report No.

Chicago Conference on Kaon Physicghicago, IL, 1999 CLEO CONF 99-13, presented at XIX International Sympo-

(University of Chicago Press, Chicago, in pngss sium on Lepton and Photon Interactions at High Energies,

hep-ph/9908343. Stanford University, 1999; CLEO Collaboration, S. J. Richichi
[2] For a partial list of references, see REf]. et al, CLEO Report No. CLEO CONF 99-12, presented at
[3] M. Bauer, B. Stech, and W. Wirbel, Z. Phys.3@, 103(1987); 1999 Lepton-Photon Symposium.

M. Tanimoto, Phys. Lett. 218 481(1989; N. G. Deshpande [15] M. Gronau and J. L. Rosner, Phys. Rev6l) 073008(2000.
and J. TrampeticPhys. Rev. D41, 895 (1990; L. L. Chau [16] X.-G. He, W.-S. Hou, and K.-C. Yang, Phys. Rev. L8,

et al, ibid. 43, 2176(1991); A. DeAndrea, N. Di Bartolomeo, 1100 (1999; W.-S. Hou and K.-C. Yang, Phys. Rev. &1,

R. Gatto, F. Feruglio, and G. Nardulli, Phys. Lett3B0, 170 073014(2000; W.-S. Hou, J. G. Smith, and F. Wihwein,
(1999; G. Kramer, W. F. Palmer, and H. Simma, Z. Phys. C hep-ex/9910014; H.-Y. Cheng and K.-C. Yang,
66, 429(1999; D. Du and L. Guojbid. 75, 9 (1997; A. Alj, hep-ph/9910291; B. Dutta and S. Oh, hep-ph/9911263.

G. Kramer, and C.-D. Lu, Phys. Rev.38, 094009(1998; 59, [17] F. Parodi, P. Roudeau, and A. Stocchi, Nuovo CimenthlZ
014005(1999; Y. H. Chen, H. Y. Cheng, B. Tseng, and K. C. 833(1999.

Yang, ibid. 60, 094014(1999. [18] S. Plaszczynski and M.-H. Schune, hep-ph/9911280, talk given

[4] Recently some of these hadronic matrix elements were claimed at Heavy Flavors 8, Southampton, UK, 1999.
(without prooj to be calculable within perturbative QCD in a [19] G. Blailock, presented at 1999 Lepton-Photon Symposium
heavy quark expansion. See, M. Beneke, G. Buchalla, M. Neu-  [14].
bert, and C. Sachrajda, Phys. Rev. L&&, 1914(1999. Ear- [20] R. Fleischer, Z. Phys. 62, 81 (1994); N. G. Deshpande and
lier QCD calculations of factorizable and nonfactorizable con- X.-G. He, Phys. Lett. B336, 471(1994).
tributions in two body hadronic decays are described in H.-N.[21] A. Ali, G. Kramer, and C.-D. Lu, Phys. Rev. B8, 094009
Li, hep-ph/9903323, talk presented at DPF99, UCLA, 1999 (1998.
(unpublished, and references therein. See also H.-Y. Cheng[22] M. Bander, D. Silverman, and A. Soni, Phys. Rev. Ld8,

and K.-C. Yang, hep-ph/9910291. 242 (1979.
[5] D. Zeppenfeld, Z. Phys. @, 77 (198)). [23] M. Suzuki and L. Wolfenstein, Phys. Rev. B0, 074019
[6] L. L. Chauet al, Phys. Rev. D43, 2176(199). (1999.
[7] M. Gronau, O. Herhiadez, D. London, and J. L. Rosner, Phys. [24] G. Buchalla, A. J. Buras, and M. E. Lautenbacher, Rev. Mod.
Rev. D50, 4529(1994). Phys.68, 1125(1996.
[8] B. Grinstein and R. F. Lebed, Phys. Rev5B, 6344(1996. [25] M. Neubert, J. High Energy Phy82, 014 (1999. This paper
[9] M. Neubert and J. L. Rosner, Phys. Lett4B1, 403(1998. contains an approximate expression of the common ratio of
[10] M. Gronau, D. Pirjol, and T.-M. Yan, Phys. Rev.aD, 034021 Wilson coefficients aj.=my, in terms of the top-quark mass.
(1999. Note thatc,; andc, (andQ; andQ,) are interchanged in this
[11] M. Neubert and J. L. Rosner, Phys. Rev. L8it, 5076(1998; paper relative to our notations.
M. Neubert, J. High Energy Phy82, 014(1999; M. Gronau  [26] B. Blok, M. Gronau, and J. L. Rosner, Phys. Rev. L&8,
and D. Pirjol, Phys. Rev. B1, 013005(2000. 3999(1997); A. Falk, A. L. Kagan, Y. Nir, and A. A. Petrov,

[12] See also M. Gronau, J. L. Rosner, and D. London, Phys. Rev.  Phys. Rev. 57, 4290(1998; A. J. Buras, R. Fleischer, and T.
Lett. 73, 21 (1994); R. Fleischer and T. Mannel, Phys. Rev. D Mannel, Nucl. PhysB533 3 (1998; M. Neubert, Phys. Lett.

57, 2752(1998; M. Gronau and J. L. Rosneihid. 57, 6843 B 424, 152(1998; D. Atwood and A. Soni, Phys. Rev. B8,
(1998; R. Fleischer, Phys. Lett. B35 221(19998; Eur. Phys. 036005(1998; M. Gronau and J. L. Rosnehid. 58, 113005
J. C6, 451(1999; A. J. Buras and R. Fleischehid. 11, 93 (1998; J. M. Geard and J. Weyers, Eur. Phys. J. T 1
(1999. (1999.

[13] A. S. Dighe, M. Gronau, and J. L. Rosner, Phys. Re\6™D [27] M. Ciuchini, E. Franco, G. Martinelli, and L. Silvestrini, Nucl.
1783(1998. Phys.B501, 271(1997).

014031-10



ELECTROWEAK PENGUIN AMPLITUDES AND.. .. PHYSICAL REVIEW D62 014031

[28] R. Fleischer, Z. Phys. 62, 81(1994); Phys. Lett. B321, 259 andEWA, (M=V,P). In EWE,, the spectatoq’ participates
(1994); 332 419(1994; N. G. Deshpande and X.-G. Hibjd. in the transitiorb—qq’q’ while the othelq’ enters the meson
336, 471(1994; Phys. Rev. Lett74, 26 (1995; N. G. Desh- M. In EWA,, the spectatoq participates in the transition and

pande, X.-G. He, and J. TrampgtiBhys. Lett. B345 547
(1999; A. J. Buras and R. Fleischer, iHeavy Flavours I
edited by A. J. Buras and M. Lindnéworld Scientific, Sin-
gapore, 1998 p. 65, and references therein.

[29] M. Gronau, O. Hernadez, D. London, and J. L. Rosner, Phys.
Rev. D52, 6374(1995; A. S. Dighe, M. Gronau, and J. L.
Rosner, Phys. Lett. B67, 357 (1996); 377, 325E) (1996. In

q’ (rather tharg’) entersM.

[31] Y. Nir and H. R. Quinn, Phys. Rev. Letb7, 541 (1991); M.
Gronau, Phys. Lett. R65 389(1991.

[32] Gronau, Rosner, and Lond¢m2].

[33] CLEO Collaboration, Y. Kwonet al, CLEO Report No.
CLEO 99-14, presented at 1999 Lepton-Photon Symposium

the present paper we use a short-hand notafdv= Py, [14]. .
EWC= PEW- [34] N. G. Deshpande, X.-G. He, and J.-Q. Shi, Phys. Reftobe
[30] The other four graphical amplitudes will be denotedEy/ E,, published, hep-ph/0002260.

014031-11



