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The CLEO Collaboration has now observed the de®iys> w7 andB— wK™* with branching ratios of
(1.1798+0.2)x 107 % and (1.8 54+ 0.3)x 10" %, respectively. These are the first reported decays to charmless
final states involving a vectdV) and a pseudoscalé?) meson. The implications of these decays for others of

B mesons to charmled4P final states are explored. In

a model-independent approach, using only fla@r SU

symmetry, several tests are proposed for an anticipated hierarchy among different contributions to decay

amplitudes[S0556-282(198)00905-9

PACS numbgs): 13.25.Hw, 11.30.Er, 12.15.Ji, 14.40.Nd

I. INTRODUCTION

The CLEO Collaboratior1] has now observed the de-
cays Bt —wwnw"™ and B—wK™ with branching ratios of
(L1758+0.2)x10°° (2.90) and (1.594+0.3)x10°°
(4.30), respectively. These are the first reported decay® of
mesons to charmless final states involving a vecrdnd a
pseudoscalarK) meson.VP final states may be crucial in
studies of CP violation irB decayd2].

We have previously applied flavor $8) symmetry[3-5]
to decays of the fornrB— PP [6—13), and made some pre-
liminary remarks abouV P decays in Refd8] and[13]. In
the latter paper relations are defined betweeri3sdmpli-
tudes and quark diagrams fgP decays. The observation of
the wm* and oK™ modes and the existence of limits on
otherVP modes at levels close to those expedtbd] make
an updated analysis relevant at this time. Thex2ével of
the w7 ™ signal requires that we regard it as preliminary.

We decompose amplitudes fBr— VP decays into linear
combinations of reduced matrix elements in Sec. Il. Appli-

(1) As a language equivalent to flavor 8), we employ
an overcomplete set of quark diagrafs$ which we denote
by T (treg, C (color suppressedP (QCD penguin, S [ad-
ditional penguin contribution involving flavor-§B)-singlet
mesons, called?; in Ref.[10]], E (exchangg A (annihila-
tion) and PA (penguin annihilation The last three ampli-

tudes, in which the spectator quark enters into the decay

Hamiltonian, are expected to be suppressed Himg (fg

~180 MeV) and may be neglected to a good approximation.
The presence of higher-order electroweak penguin contribu-

tions[15] introduces no new S@3) amplitudes, and in terms
of quark graphs merely leads to a substituti8iL0]

T—t=T+Pg,, C—c=C+Pgy,

S—s=S !
5= ~3

1 C
P—)[)E P— EPEW’ (1)

PEW!

cations of the relations implied by these decompositions,
suggesting a variety of tests for an anticipated hierarchyvherePg,, andPg,, are color-favored and color-suppressed
among different contributions, are discussed in Sec. lll. Ouelectroweak penguin amplitudes.

results are compared with attempts to calculate decay modes (2) We use the phase conventions of Héfl. for pseudo-

a priori with the help of specific models in Sec. IV. We
conclude(with a brief summary of experimental prospects
in Sec. V.

Il. SU(3) DECOMPOSITION

In Tables | and Il we list th&/ P modes of nonstrangB

mesons for strangeness-preserving and strangeness-changing4) The suffix on each amplitude denotes whether the

decays, respectively. Our notation is as follows:

scalar mesons, the mixing assumptiop=(ss—uu
—dd)/y3 and »'=(uu+dd+2ss)/\6, and the corre-
sponding phase conventions for vector mesons with
=(uu+dd)/\2 and¢=ss.

(3) We denote strangeness-preservingSE0) ampli-
tudes by unprimed
(|AS|=1) amplitudes by primed letters.

spectator quark is included in a pseudoscaRY) 6r vector
(V) meson.

letters and strangeness-changing

(5) Each decay amplitude involves positive or negative

*Permanent address: Physics Department, Technion—Israel Insinteger coefficients multiplying the indicated reduced ampli-
tute of Technology, 32000 Haifa, Israel. tudes and divided by a common denominator factor.
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TABLE I. AS=0 B— VP decays. Coefficients of amplitudes are to be divided by the denominator factor.

Denominator tp ty Cp Cy [o]3 o}Y Sp Sv
B*—p*a® -2 1 1 1 -1
plar* -2 1 1 -1 1
o’ 2 1 1 1 1 2
ot 1 1
pty -3 1 1 1 1 1
' 6 1 1 1 1 4
K* KO 1 1
K*OoK + 1 1
BO—>p_7T+ -1 1 1
ptm™ -1 1 1
p°a® 2 -1 -1 1 1
w° 2 1 -1 1 1 2
pm V2 1
p°n -6 -1 1 1 1 1
p°n’ 243 -1 1 1 1 4
w7 -6 1 1 1 1 2 1
wn' 23 1 1 1 1 2 4
én -3 1
b7’ 3 1
K*0KO 1 1
K*OKO 1 1
ll. APPLICATIONS large as or even larger than, . A similar situation seems to

A. Hierarchies of amplitudes hold in decays to two light pseudoscalar mespi.

One can immedigtely identify certain amplitudes Iikel_y to B. Tests for smaliness of amplitudes
be most important ilB— VP decays. In the corresponding } ]
PP decays(which may be denoted by similar amplitudes ~How can one learn more about whistP amplitudes are
without the subscripis the amplitudes are expected to obeyimportant? One way of using the tables is to compare
an approximate hierarchy[6—8,12,1. The process chargedB decays and neutr& decays to each other. This
BO—K* 7~ is observed with a branching ratio somewhat incan teach us something about the magnitudes of some of the
excess of 10°, while B°—x* 7~ is expected to have a amplitudes. Consider, for instance, the eight pairg |

branching ratio not vastly different from this. Thus we de- =1 processes listed in Table II. The following approximate
duced in previous work that|=|p’|, while |p/t|=|t’'/p’|  amplitude equalities test the smallness of certain contribu-

~\, whereA=V,~0.22. We do not have an estimate for tions. The relations betwedi” andB° amplitudes are inde-
|c/t| or |c’/t’|. We expecic/t| to be small on the basis of pendent of SIB) breaking. In each case we list only the final

color-suppression arguments. Howevet'/t'| may be State.

larger due to the electroweak penguin termcin[see Eq. (1) Smaliness oty

(1)]. The large branching ratios foB* —K™* 7’ (about 0 0w o+ .
7x10°%) andB°—K%%' (about 510 °) [17] indicate the pTKO=V2(pKO),  V2(p°K)~p K,
importance of thes’ amplitude at a level comparable to that

of p’ [12,18. K*O7rt~\2(K*070), \2(K* 70 ~K*T7~. (2

A similar hierarchy appears to apply to thv&P decays.
The fact that th&* — w7 " andB* — wK ™ branching ratios  The ¢y, amplitudes contain color-favored electroweak pen-
are comparable to one another and each of ordef Ifdi-  guin terms which may not be negligiblsee Eq(1) and Ref.
cates that the dominant contribution éor* is most likely ~ [15]], and indeed provide important contributionsairpriori
ty, while the dominant contribution taK™ is most likely ~ calculations to be discussed in Sec. IV.

py,. We expect thes), contribution to be relatively unimpor-  (2) Smallness otp,

tant; this contribution would involve a coupling of tlkeand

¢ which violated the Okubo-Zweig-lizukéDZI) rule favor- oK =~wK® K* p=K*%p, K*"p'~K*%'. (3
ing connected quark diagrams. Such couplings are probably

much more important for; and ' than for vector mesons. (3) Smallness ofp:

Specifically, the penguin amplitudg , coupling to the flavor
SU(3) singlet component of they and andz’, can be as —p K =K', K*Ort=~gpK™. (4)
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TABLE Il. |[AS|=1 B—VP decays. Coefficients of amplitudes are to be divided by the denominator

factor.
Denominator tp ty Cp cy Pp py Sp sy

B+*>p+KO 1 1

pPK* -2 1 1 1

K* 07T+ 1 1

K* * 70 -2 1 1 1

wK* V2 1 1 1 2

K™ 1 1 1

K**p -3 1 1 1 -1 1

K** g’ J6 1 1 1 2 4
BO—>;)7K+ -1 1 1

pOKO \/E -1 1

K* + T -1 1 1

K* 0.0 \/5 -1 1

wK?® J2 1 1 2

PK° 1 1 1

K*%% ~\3 1 1 -1 1

K*O0 ! J6 1 1 2 4

The first relation is sensitive to any breakdown of nonet sym- (1) The largest amplitudes are expected totbe t.
metry (unequal decay constants fprand  mesons The  Therefore, the following 7 processes are expected to have the
second relation is sensitive to 8)-breaking effects since it |argest ratesp® #°, p°n", wm®, pT 7y, pty', p 7*, and
involves comparing an amplitude with nonstrange quark paip* 7.

production to one with strange quark pair production; the (2) Smaller decay rate®qual inB* andB® decay$ mea-

form fagé?fs are also Iti)kely ]EO diffefrl3]. anale relations™ " different kinds of penguin amplitudes:
In addition, a number of approximate triangle relations o is measured i K * —K¥ 0K,

hold, such as i . - i
py is measured iK* "K%=K* KO,
V2(pT K%)=~ pKO+ wK?, (5) sp is measured in ¢mt=\2(¢7%)=—\3(¢7)

all of whose si(_jes_ _havep\’, contribution, and so_the de_cay \g(d)l: ).measured by the combinations/6(p* ')
rates may be significant. The shape of the amplitude trlanglgL B n, 203(°7)+\6(%n), and 2/3(wn’)
may tell us about the relative magnitudes and phases, of NG P Vi P lati P 77.{5’ . I 7
and pl,. Since we expect) to be smaller tharp.,, this (@7), implying rate relations iby is small.

triangle will be a “squashed” one.

(4) The last relation among the eight pairs of amplitudes,
dK = KO, follows from isospin. This equality neglects fi-
nal state rescattering from intermediate states sucpkas
oK, andK* 7

Assuming that botls, andcj, are small, one also finds
p°K%~ wK?O. Lipkin [18] has pointed out that i§5 is small
[as checked, for example, by relations such as(&q, but if
theB°— p°K°® andB®— wK"° rates arainequal then bothp;, : ,
and c, amplitudes must be present, and they are closéICUIarIy largeB—K#' decay ratd12] i )
enough in amplitude for interference to be observed. Severaltests for the presence of the singlet ampliside
Whether this enhances the possibility of observing direct CFEan be constructeds;, is less likely to be small thasp,
violation [18] remains an open question. The most likely Since the axial anomaly can affegtand »" flavor-singlet
source of a contribution t@) is an electroweak penguin couplings[19]. A large corresponding singlet amplitude in
amplitude with the same weak phasepgs and so a direct |AS|=1 B—PP decays was found to be needed to explain
CP asymmetry is unlikely in the neutral decays. In the moréhe observe®—Kz7' rate[12].
readily observed charged decay®"—(p° w)K™', one In the event thas,, is negligible, several triangle relations
would need interference betwed¢p and py, to see a CP hold among the amplitudes foB*—p°K* and B*
asymmetry. In our approach one cannot infer anything about>K* *(7°%,7,7’), and among the amplitudes foB°
t/, from cp. —K*0(%,7") andB%— p*KP. If we are willing, moreover,

The AS=0 amplitudes do not exhibit simple isospin re- to neglectcy, in comparison with other amplitudes, a set of
lations which test the smallness of some amplitudes. Stillfriangle relations analogous to the above, but with the decays
one can make the following observations about large an®°—K*%(7,7') replacing B* —K**(5,7') and with
small amplitudes: K*7" replacing— y2(K* * %), should hold.

C. Relations testing for presence or absence af,

Whereas the amplitudp,, can be measured directly in
B*—p*KP, it is much more difficult to determine the am-
plitude sy, contributing only to decays involving the and
n'. We recall that the presence of the corresponding sizable
amplitudes’ in B— PP decays was manifested by the par-
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Under some circumstances, interference terms between TABLE Ill. Some B decay modes capable of distinguishing

contributions of different amplitudes to rates will cancel betweenal,)-type anda(,’-type amplitudes.

when suitable sums of rates are constructed. Thus, one find

that if s, can be neglected, the triangle relations mentionedecay Dominant  Signal  Expected B upper
above imply mode amplitude events background limitt0~®
B(B*—K* 7% +B(B*—p*K) B —p m’ tp 8  55-12 7
. ) . . plmt ty 4 2.3:0.3 43
=B(B"—=K* ") +B(BT—=K*" 7). (6) ot ty 8.8 a
. . . iy _ ot Sp 0 5.6
!
Similarly, with ¢y, small in addition, one finds p KO N 0 0 48
B(B+—>K*07T+)/2+B(B+—>p+KO) pOK+ p\’/ 1 3.8:0.2 19
oK™ py 12 a
=B(B°—=K*%9)+B(B°—K*%7"). (7) K Pl 0 53
, K* Ot Pp 2 1.0:0.6 41
(Here and later we neglect phase space effeBtith sides of K+ 70 )
. _ OPC _ ™ Ph 4 1.9+0.7 99
these two relations contain contributions from fi{gampli-
tude, which we expect to be significant. The failure of eithergo -t i b b ¢
of the above two equations to hold would indicate a signifi- p+77, tV b b c
cants,, contribution. In that case, we may proceed to deter- o SP 0 65
- 12 P .
mine s, as foIIows_. o _ p K+ P, 2 20+04 35
When the amplituds, is not neglected, the triangle rela- pOKO ol 0 0 39
. + . v
tions forB™ decays discussed above are replaced by BKO P 2 42
*t T r .7+0.2 72
—V2(K* )~ (p* KO+, =—\B(K* T ), (8 o P 50
V2(K* 70 = (p*KO) +sy=—B(K*T5), (8 K00 “ o 11c0s -

—\2(K* "m0 +2(p KO +4s,=\B(K* " 7). (9) 3Sjgnal observedsee text
o, ) bSum of channels has 7 events above expected background of 2.9
Moreover, ifcy, can be neglected, one can write +0.7.

, ®Upper limit on average branching ratio is:88075.
(K*om ") —(p KO +s,=—\3(K*?), (10

(K*Om*) +2(p*KO) +4s,= VB(K*O7'). (11) B(B+*>¢)K+.)ZZB(-B+*>(OK+). The amplitu_dep\’, can be
measured directly iB" — p*K° and, neglectingp, in B®
In the complex plane, leto(" K®) =(1,0) [so that all the am- — p°K°. To confirm that indee¢p,|>|pp|, it would be use-
plitudes and phases in these relations are measured in unftd to comparep,, measured in this way with;, measured in
of (p*K%]. Since onlyp!, contributes to p*K%, all the B*—K*°x".
amplitudes will henceforth be given in terms p§ as the The assumption of equal and oppogite and py, ampli-
unit. tudes lies behind a prediction by Lipkii8] that one expects
Let —2(K*"7%=(a,b), (K*°7*)=(c,d), and s{,  constructive interference between the nonstrange and strange
=(e,f). Then, squaring the above four equations to obtaircomponents of they, and destructive interference in thg,
four rate relations, and constrainiad+ b2 andc?+d? using ~ for the decay8" —K* *(#,7'). This is valid if the penguin
the rates for the deca®* —K* " 7% andB* —K*%7*, we  transitionb— s leads to an intermediateu final state ac-
have six equations in the six unknowag,c,d,e,f. One is  companied by any number of gluons, as long as there is not
required to measure seven different decay rates, but all acfome fundamental asymmetry in the wave function between

them involvepy,, so none of them should be very small.  the's and theu. If the final lightqq pair is then produced in
a flavor-SU3) invariant manner, th@; and p;, amplitudes
D. Where does the spectator quark end up? will be equal and oppositéGluons must be present; other-

The distinction between amplitudes or a, (a=t, c, p, wise one could rotate away ary— s transition by a redefi-
s) (in which the spectator quark is incorporated into a pseulition of quark field§20].) , . .
doscalar mesoranday, or a;, (in which the spectator ends 1€ full generality of Lipkin's argument is less obvious.
up in a vector mesoris responsible for the large number of The transitionb— s+ (meson has different Lorentz struc-
reduced amplitudes in théP case, as compared to the sim- ture when the meson is a pseudoscatr py, amplitude
pler PP decays. Some hint that these amplitudes may nothan when it is a vectofour p, amplitudg. The p, and p;
have equal magnitudes is provided by the upper bdund amplitudes indeed fail to be equal and opposite in several
B(B*— ¢K*)<0.53x10° 5, as compared with B(B* explicit calculations to be discussed in Sec. IV.
—>wK+)=(1.5f8323i 0.3)x10°°, implying B(B* One might ask whether there @&y evidence so far for
— ¢K)/B(B* —wK*)<1. The ¢K* amplitude is domi- amplitudes of thal’ type. In Table IIl we collect a number
nantly pp, while thewK* amplitude is mainlyp{/\2. If the  of decay modes which can shed light on this question. We
pr andp,, amplitudes were equal, we should have expectedist the mode, the amplitude expected to dominate, and the
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number of signal events, expected backgrounds, and upper IV. PREDICTIONS OF SPECIFIC MODELS
limits on the branching ratios in units of 10 reported by

CLEO 11 [14]. We do not list the coefficients of the dominant Calculations .OfB_.’(PP’VP’V\./) decay rates over the
amplitudes, which may be found in Tables I and II. past ten years, involving assumptions about factorization and

None of the upper limits shown in Table 11l conflicts with USINg Specifid—to-light-meson form factors, include those

the expectation that th, amplitude has already been seen©f Refs.[5,21-27. For the most part, these works have suc-
in B*—w* and thep, amplitude has already been seen incessful_ly antlc!pated thos8—PP decays observed at a
B*—wK*. If these are the dominant amplitudes, one ex-Pranching ratio level of 10° or greater, such as

pects B°—K*#~. The decayB’— 7" 7~ is expected to corre-
spond to a branching ratio not much below £0
B(B°—p 7")=2B(B"—p’n")=2B(B" - wn™") A common feature of all the calculations is their expecta-

(120 tion thatB(B™— wK*)/B(B™— #K*)<1, in disagreement
with the CLEO resultd1]. In our language, these calcula-
tions predict|p./pp|<1; in the work of Ref[22], the con-
tribution of py, is vanishingly small in certain decays. This is
a result of the specifically chosen form factors used to cal-

=2B(B%—p°K%) =2B(B* - wK™). culate hadronic matrix elements of penguin operators.

(13) The authors of Ref.27] propose a new source of penguin
terms, associated with charmed quarks in the loop rather than

0 4 T . . . . top quarks as is conventionally assuniede also Ref.28]).
The case oB”—p~ =" is particularly interesting since the Their prediction of theB* — wK */¢K * ratio of rates none-

excess of signal over expected background is the largest of ) : " " v
any in Table lll, but the process requires flavor tagging in(i)_hizl,)eKs f) ;i%altr(;so te?oin ig]rilrlél diV(\:/tIitchﬁ( Itso ;(wgrir%/el?l(tBThis
order to separate thig-dominated decap®—p 7" from ion imoli ' K oh f b S d
the tp-dominated decap®—p* 7. Interesting statements assum*ptlon Implies weak phases o Ak@gv“‘),_w anad
about the relative magnitudes of amplitudes will requireA'9(VepVed =0 for AS=0 and [AS|=1 penguin ampli-

about a factor of 3 more data than those on which Table 11fudes, respectively. If the top quark were dominant instead,
was based. one would have weak phases of Af{V,4)=— B and Arg

(V{,Vis) = 7. One cannot distinguish between a weak phase

of 7w and one of zero in thpA S| =1 transitions, but it should

be possible to tell the difference between the weak phase of
Comparison of decay rates betwe#8=0 and|AS|=1  zero and— 8 for the AS=0 amplitudes. That distinction lies

processes can help in determining ratios of magnitudes deyond the scope of the present work.

and

B(B"—pTK®=B(B°—p K")=2B(B"—p°K™)

E. Relations betweenAS=0 and |AS|=1 decays

CKM elements. For example, one expects The relative signs of contributions fropf andpy, in the
model of Ref.[5] are such that one expec{B—K* )
+ 0_+ + +10
5B _’E m ): BB —p K_) = [Vie/ Vil >B(B—K*7') (see also Refl18]). For the corresponding
B(BT—K*%%*) B(B*—K**K?) ts? Tdl decays with K replacing K*, the prediction[5,18 is

(14 B(B—Kn)<B(B—K=n'), as observed for charg&is [17].

The authors of Ref5] do not include thes,, terms, which

assuming that the top quark dominates the penguin amplimay be important. For the correspondiR® decays, numer-
tudes in these sets of processes. In certain ratio$3)SU ous author§12,18,19 have noted that the singlet amplitude

breaking form factor effects cancel o¢&ee Ref[13] fora s’ is required to understand the larBe~K #' rate. There is
more complete discussign. some question as to the origin of this singlet amplitude. It
Once the dominant amplituddsuch ast, and py, for  most likely originates as a result of the gluonic anomaly in
which we already have evidendeave been mapped out, one the axial U1) current, but may be manifested in various

can use flavor S(B) to anticipate the smaller amplitudes \yays, e.g., through an admixture ©f pairs or gluon pairs

(like ty andpy). Taking account of S(8) breaking, we have iy the 5’ (and, to a lesser exteny) wave function. The

absence of a meaningful constraint on the strange-quark con-

tu/ty=tpltp=N(fi /T ;). (15  tent of the 7' (achievable by measuring the rate for
¢—7n'vy) [29] leaves some room for such admixtures. A
For penguin amplitudes in the flavor-8) limit, direct coupling of singlet pseudoscalar mesons through

penguin-type diagrams introduced in Ri&f] is another pos-
Pv/py=Pp/Pp=5Sy/Sy=Sp/sp=Viq/Vis (16)  sibility.
The models do seem to predict roughly the right magni-

(assuming top-quark dominance of the penguin amplitudestude fort,,, which we expect to dominate the observed decay
One can then, in the manner of R¢L2], search for pro- B"—wn™. An expectation of Ref[5] common to other
cesses in which two amplitudes with two different weakmodels is that/tp|>|ty|. In that case, one should expect
phases contribute with comparable strength. If these ampliB(B* —p* %) >B(B*—p°7") and B(B°—p 7n")
tudes have different strong phases as well, there is a posskB(B°—p~7"). As one sees in Table IlI, there is no evi-
bility of a large CP asymmetry in comparing the rate for adence yet for or against this hierarchy.
process with its charge conjugate. We find that many of our Eq$2)—(4) are not satisfied by
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TABLE V. Branching ratios for penguin-dominateil decays  amplitudes in the flavor-S(3) decomposition are likely to

in two models, in units of 10°. be large as a result of present evidence. These consist of a
strangeness-preserving “tree” amplitudd, and a

Decay Chawet al. Ciuchini et al. strangeness-changing penguin amplityde In both cases

B 0K~ 06 39 the subscript indicates that the spectator quark is incorpo-

rated into a vector\{{) meson.

B*—wK* 1.4 6.0 Oth - .

er decays depending on the amplitude are
v o s Bt —p%7* andB%—p~ 7", If ty is the dominant amplitude
B —K*"m 8.8 9.2 in these processes, we expectl(B*—po7")
BY— K™ 14 15 =I'(B*—ww') and I'(B’—p 7")=2I'(B"—owr").

Furthermore, model calculations predictiftg|>|t,| imply
that decays expected to be dominated tpy, such as
the models of Chaet al. [5] and Ciuchiniet al. [27]. The B*—p*#%andB%—p*«~, will also have branching ratios

sources of the violations are of some interest. in excess of 10°.
In Ref. [5], the annihilation amplitude seems to have a  An appreciable value for the amplitugh,, somewhat of
large effect. We have noted that tlf&K™ and ¢K® ampli-  a surprise in conventional models, implies tiat pK de-

tudes should be equal by isospin when we neglect annihilacays should be observable at branching ratio levels in excess
tion. Chauet al.find (including annihilationthat the branch- of 1075, The smallness of the ratio B(Bt—

ing ratios of these processes arexm_T6 and 9><qu§, ~ ¢Kh)IB(BT—wK™) indicates thaipp|<|py|. The ampli-
respectively. This means that the ratio of the anmhllatlontudepé’ should dominate not onl— ¢K but alsoB— K* 7r
amplitude topp must be at least 0.26vhich is surprisingly  gecays. Evidence for any of these would then tell us the

large if pp and annihilation interfere constructively @K *. magnitude ofp},. The relative phase qf, andp!, is probed
Otherwise, annihilation is even larger. Note that in the cal-by B—K*(7,7') decays.

culation of Ref.[5] (as in the othespp (rather thanpy) is We have argued that singlet amplitudgs’, correspond-

the dominant amplitude iMAS|=1 decays. Thus, the effects ing to disconnected quark diagrams, are more likely to be
of annihilation in other processédomlnated by the smaller appreciab]e when pseudosca|ar mesons]’ are discon-

py) are even larger. For instance, these authors finghected from the rest of the diagram than when vector mesons

B(B+—>pjé(o) =0.34x10° and  2B(B°—pK%)= ¢, ¢ are disconnected. Thus, we expsj|>|sp| and|s|
0.70x10°", while these numbers should be approximately> |s,|. (Recall that the subscript refers to the meson in which
equal by our Eq(2) if cp is negligible. the spectatorquark is incorporatefiWe have suggested sev-

In the calculation by Ciuchinkt al. the last two rates eral tests for non-zero singlet amplitudes, including a number
come out to be quite different as a result of a significaniof triangle and rate relations, and have outlined a program
electroweak penguin contribution to tlog amplitude. The for determining the magnitude and phasespt
authors find B(B*—p*K%=27x10"° and 23(B° Once the dominant, p’, ands,, amplitudes have been
—p°K°)=8.8<10"°. The enhancement relative to the re- determined, flavor S(8) predicts the amplitudet, p, and
sults of Ref[5] comes from the “charming penguin” terms. s, One can thericf. Ref.[12]) determine which processes
This illustrates the large spread of model predictions. are likely to exhibit noticeable interferences between two or

In Table IV we compare some other results from Ref.  more amplitudes, thereby having the potential for displaying
(see also Ref[26]) and Ref.[27], where again rates are direct CP-violating asymmetries.
enhanced by “charming penguins.” The first authors ne- The CLEO Collaboratiofil] has also reported the obser-
glectedsy. In our treatment, the branching ratios for the vation of the decayB— ¢K*, with a branching ratio of
processes in the first and second rows should be approxj1.3*5:+0.2)x 10> when charged and neutral modes are
mately equal, and so should those for the processes in thymbined. (Isospin invariance implies equal rates for the
third and fourth rows. The differences in Ciuchetial. show two) Decays of the fornB—VV are more Compncated than
the effect ofsp and involve some nonet-symmetry and@lJ B PP or B— VP decays because of the three possible par-
breaking effects. The combined effect, resulting in amplitude&ial waves in the final state. Once these are separated out, for
differences at a level of 25-30%, is not unexpected. On thexample using decay angular distributidi3§], an analysis
other hand, the rate difference between the first two prosimilar to the one presented here becomes possible for
cesses in Chaet al, arising from nonet-symmetry breaking B—\V/V decays as well.
alone, seems quite large for such effects.
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