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The decays oB mesons to charmless final states consisting of a vector m&§cend a pseudoscalar meson
(P) are analyzed within flavor S@3). Predictions are compared with new data from the CLEO Collaboration.
Dominant contributions to amplitudes and subdominant interfering terms are identified. Evidence is found for
a specific penguin amplitudéontributing, for example, t@"—p*K® at a level much higher than that
implied by most explicit models. The validity of the conclusion ¢ed), obtained through other analyses of
B— VP decays, is examined here from a less model-dependent standpoint. It is found that several processes are
consistent with coy<0 (or cosa>0), and measurements are suggested which could make this conclusion
more robust.

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

[. INTRODUCTION cesses. We wish to determine whether this conclusion holds
in a less model-dependent context.

The decays oB mesons to charmless final states consist- We find thatif final-state phase shifts are smatlonsis-
ing of a vector meson\() and a pseudoscalar mes@?) are  tent with the upper limits on charge asymmetries in sev@ral
of potentially great interest in the study of the weak interac-decays to charmless final staf€g, thenB— VP decays in-
tions andC P violation. The decay8%—p "« occur witha deed favor cog<0O (or cosa>0). Using the model-
substantially greater combined branching ratio thaf independent amplitudes obtained from Be- PV processes
— a7, and hence may be useful @P studies[1]. The  studied by CLEO, we can identify decay modes whose dis-
decaysB* —wm", B—wK, andB— pK can shed light on COvery or improved measurement would permit conclusions
decay mechanisms by validating or falsifying specific mod-2P0out cosy and other CKM phases to be placed on a firmer
els [most of which predict very low rates f@— (w,p)K]. footing. To exhibit the minimal experimental requirements
Decays involvingz and ' mesons are interesting becausefor demonstrating m'Ferferencg-k?ased constraints oryans
there exist models for the large observed rateBes K n’ CoSa, we perform this anaIyS|s. mdependently of other con-
which make specific predictions foB—K*7 and B straints on CKM phases, mentioning them at the end of this

* 1 paper.

—K 7. , , A further result we obtain, in contrast with most explicit

In Ref. [2] we made a first attempt to classiB— VP

, : ; models, is that the penguin contributions to the decdys
decays in a model-independent manner, using only flavog(w,p)K are appreciable. In particular, the dec®/

SU(3) symmetry as expressed by a set of reduced amplitudes, ,+k0 should be observable with a branching ratio in ex-
depicted in graphical form. The present article is an updat@ags of 5¢10°6.
of that work in the light of new experimental results from the | Sec. 11 we recall some notation from RE2] and tabu-
CLEO Collaboration working at the Cornell Electron Storagejate experimental branching ratios and limits. Experimental
Ring (CESR. These results include new branching ratios forresuilts are taken from Ref3] unless not given there, in
charmless hadroni8 decays toVP, whereV=K*, p, w, which case earlier limit§22] are quoted.
and ¢, and P=(7,K) [3] or B—K*(7,7") [4]. We shall The crude nature of present experimental dataBon
also make use of some new results Br- PP decays[5], = — VP decays requires that a phenomenological analysis such
and will use the fact that no charge asymmetries have beess ours proceed in a somewhat roundabout way. Instead of
seen in several processé. simply presenting the results of an overall fit, which would
One of the issues to which the new data are relevant is thiil to highlight the places where improved data are neces-
phase of the Cabibbo-Kobayashi-Maska(2KM) matrix  sary, we focus firstin Sec. Ill) on the main amplitudes for
elementv,,: y=arg(V},) in a standard convention. Data on which experimental data exist.
B— K decays have been used for several years to constrain In Sec. IV we then see if deviations from rate relations
this phase, both in relatively model-independent analysepredicted in the presence of a single amplitude can detect
[7-14] and with the help of the factorization ansatz andinterference with one or more subdominant amplitudes
models for form factor$5,15—18. These studies tended to cluding electroweak penguin contributionSection V sum-
favor cosy<0, consistent with determinations of CKM pa- marizes the implications of the deduced amplitudes for other
rameters which take realistic account of theoretical error8/P processes, tabulating the 90% confidence ld@:L.)
[19] but in some conflict with more optimistic estimates of ranges of predictions, both with and without tree-penguin
these errorgd20]. New factorization-based studi¢45,21 interferences which might shed light on the sign of ¢a®
also find evidence for cog<0 in a number oB—VP pro-  cosa.
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TABLE |. B decay modes with contributing amplitudes and experimental branching ratios or 90% C.L.
upper limits (from Ref.[3] unless stated otherwisg@ From Ref.[22]. (b) Sum ofp 7" andp® 7 is
351’%%;5(5.60). (c) Contributions of ordeifg/mg or rescattering effects.

Decay Amplitudes Branching rati@nits of 10 °)
mode Value ¢) Upper limit
B* decays

ptm (—tp+py—pp—Cy)/2 77 (@)
pOrt (—ty+pp—py—Ccp)/\2 15+5+4 (5.20)

o’ (ty+ pp+py+Cp+2sp)/2 11.333+1.5 (6.2) 17
ot Sp 4
p —(tp+pp+py+cytsy)/\3 4.3'3%3+0.7 (1.3) 16
Py (tp+pp+py+cy+4s,)/\6 47
p KO Py 48 (a)
pOK* —(py+ty+ch)\2 22
wK* (py+ty+cp+2sp)/2 3.2°24+0.8 (2.10) 8
¢>ro<++ Pp+Sh 1.6°13+0.2 (1.3) 5.9
K* O Ph 27
K** 70 —(pp+tp+cy)/\2 99 (a)
K*OK* Pp 12
K** 5 (Py—Pp—tp—cy—s\)/\3 27.3'35+5.0 (4.8)

K** 5’ (2p{+ppttp+cy+4s))/\6 87

B decays

p ' —ty—py (b)

p'm —tp—pp (b)

p°m° (Ppt+py—Ccp—cy)/2 5.1
o (pp+Ppy+Cp—Cy+2sp)/2 5.8
¢ sp/\2 5.4
p°n —(pp+py+Cy—Cp+sy)/\6 2639403 (1.3) 11
p°n' (Pp+ Pyt Cy—Cpt4s,)/(243) 23
p;K;r —py—ty 25
pK (Pu—cp)/\2 27
wK® (pl+ch+2sh)/\2 10.0°34+1.5 (3.9) 21
SKO Pp+Sh 10.7°28+1.1 (2.60) 28

K* ™ —pp—tp 22782 (5.90)

K* 070 (pp—ci)/\2 4.2
K*%% (Py=Pp—Ccy—s1)/\3 13.8'35+1.7 (5.00)

K*O0p’ (2py+ pp+cy+4s))/ 6 20

K* K™ (© 6

Section VI compares the results of our analysis with in-tios. We take amplitudes corresponding to the quark dia-

formation about the size of amplitudes and the sign of treegrams [23,24] T (tree, C (color-suppressed P (QCD-
penguin interference ilB— PP processes, and notes the penguin, S [additional penguin involving flavor-S3)-
prospects for obtaining complementary information fromsinglet mesonls E (exchangg A (annihilation and PA

B.—B, mixing andK * — 7" v decays. Section VIl summa- (Penguin annihilation The last three amplitudes, in which
rizes our arguments for negative Cpﬁnd cosy, while an the Spectator qual’k enters into the decay Hamiltonian, will
Appendix contains a short dictionary relating our invariantbe neglected here. Such contributions may be important in
amplitudes in flavor S(B) to quantities discussed in the fac- the presence of rescattering, for which tests €s{. Elec-
torization approximation, and discusses our findings in thdroweak penguin contributionf26] are taken into account
context of the factorized-amplitude language. using the substitutiof27]

T—t=T+Pg,, C—c=C+Pgy,

Il. NOTATION AND DESCRIPTION OF PROCESSES
In Table | we list some/P modes of nonstrangB me-

sons, their decomposition in terms of reduced amplitudes,

1
and values or 90% C.L. upper limits for their branching ra- S—8=5 3Pew, @

1c
P—p=P—ZPew, 3

3
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wherePg,, and Pg,, are color-favored and color-suppressed We conclude from Table | thaft,|?/2=0(12) (to be

electroweak penguin amplitudes. multiplied, as mentioned above, by 1Dto obtain the cor-
We use the phase conventions of Rgf4] for pseudo- responding branching ratios foB*—p%7" and B*

scalar mesons, the mixing assumptiom=(ss—uu —wm"). The possibility that these two branching ratios dif-

_dg)/\/g and 77’=(uU+dE+ ng)/\/é, and the corre- fer fron_"n one anothgl(as suggested, for example, in Ref.
sponding phase conventions for vector mesons with .[21]) W.'" be noted. in Sec. l\./ when we come to discuss
— — = — interfering subdominant amplitudes.

= (dd—uu)/\2, “’:(,u‘H'dd)/\/Z and¢=ss. We denote The decayB®—p 7" is also expected to be dominated

strangeness-preservingd §=0) amplitudes by unprimed ¢ |y the absence of separate branching ratios for this

letters and strangeness-changind $/=1) amplitudes by rocess and foB®—p* m~ (which we expect to be domi-

primed letters. The suffix on each amplitude denotes whethgr, 4 byt , as will be seen presentlyall that is measured is

the spectator quark is included in a pseudosodaior vec- the sum ’

tor (V) meson.(For some additional processes not listed in

Table I, see Ref[2]. No experimental results have been B(BOHP—WJr)+B(BO_>p+7-,—):(35j%gi5)><10—6,

guoted for those processgs. 2

A process of the fornB— X, where the charge @ is not

specified, will refer to bottB* and B°. Unless explicitly ~ which is consistent with the contribution fropt|? alone,

stated otherwise, we will always take the branching ratio forout permits an additiondtp|? contribution. Identification of

a process to refer to the average of that process and itde flavor of the decaying neutr& will distinguish these

charge-conjugate. two decay modes from one another. Meanwhile, we antici-
pate indirect arguments in the next section that braftiét

between 6.1 and 29.
I1l. PATTERNS OF DOMINANT AMPLITUDES

Using the observed branching ratios quoted in Table |, we B. Evidence for pp
can identify reduced amplitudes for which there exists evi- The decayB?—K* * 7~ has been seen at the 5.%vel
dence. We shall assume the lifetimesBSfandB* are equal  ith a branching ratio of (228*2)x 1076. It is expected to

t(vglid toa f(tew ?%rcemhqnd ST.a" qu_;)r:e squares 0'; al;”p"'fbe dominated by the penguin amplitugg. The other con-
udes In units of branching ratios with a common tactor 0tributing amplitude, t,, should be of order|Vs/V,4|

10°%. Thus, an amplitude of 1 will correspond to a branch-:)\/(l_)\zlz) timestp, and sincet |2<29 we expect that
ing ratio of 10°°. We make qualitative estimates here, re—|t, |<1.22 P F
P .22,

serving more precise ones for Sec. IV. As we shall see in Sec. IVB, it is likely thaB®
—K** 7~ receives some enhancement from constructive in-

A. Evidence fort, and tp terference betweepp and other amplitudes, notabty and

an electroweak penguin contribution. The branching ratio for

B*— ¢K™, also dominated by}, is less than 5810 ¢,

while that for B®— ¢K is (10.7°/8+1.1)x107%. These

Lonstraints suggest thpp| < O(10). For comparison, val-

ues of|p’|? around 18 characteriZB— K 7 decays, as will

be shown in Sec. VI(See alsd30].)

The decayB*—p°7" andB*—wa*, with branching
ratios of order 10°, are expected to be dominated by the
tree amplitudet,,. The penguin amplitudepp and p, are
expected to be smaller than the corresponding strangene
changing amplitudep, and py by roughly a factor of
[Vig/Vis|=N\, wherex=0.22 is the parameter introduced by
Wolfenstein[28] to describe the hierarchy of CKM matrix

elements. The amplitudes, andp;,, as will be seen below, C. Evidence for py
dominate processes whose branching ratios are of order The amplitudep), is expected to be very small in all
10°°, so one can conclude thatp(/|,|pp|)=O(\)X|ty|.  factorization-dependent calculations of which we are aware

The amplitudesp, which contributes tB* — w7 " but not  [15,16,21,23,3], except for ong17] which appeared after
to B —p%7", involves anw connected to the rest of the the submission of this paper. In those calculations, except the

diagram by at least three gluons. It is expected to be small byne, all the decayB— (w,p)K are highly suppresse@See,
virtue of the Okubo-Zweig-lizukdOZI) rule, which holds  however,[32].)

well for vector mesons. Both it and the related amplitsfle In our earlier analysis oB— VP decays[2], we con-

will be neglected, except for an electroweak penguin contricluded thatp,,#0 on the basis of the branching raf{B*
bution tos; which will be studied in Sec. IV A. However, — »K™)=(15+7+3)x10 ° reported by the CLEO Col-

S, need not be small, since it involves flavor-singlet cou-laboration[33]. With a larger data sample and a revised
plings to pseudoscalar mesons for which the OZI rule is lesanalysis, the evidence for this mode has now become con-
well satisfied. A related amplitud®’ was found important siderably weaker, with a 90% C.L. upper limit of<gL0~®

[29] for the decayB—K 7'. We shall take account @&,  for the branching ratid3]. However, the deca’— wK°
when describing the decad—K* 7 and B—K* »'. The indicates thatp,#0, with B(B°— wK®=(10.0"35+1.5)
correspondingd S=0 amplitudeS, plays a role inB—p7» X 10°%, a 3.9 signal. As we shall see below, it is likely that
andB—p7'. BT —wK™ receives destructively interfering contributions
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color-allowed termsTp . In B* decays these amplitudes

tween dominant and subdominant amplitudes. All inequalities areyccur in two specific combination$,+ C, andT,+Cp, to

those following from small final-state phases and eitheryco8
(JAS|=1 processesor cosa>0 (AS=0 processes

Subdominant Interfering Consequence
amplitude with
t) Ph [(K*T77)>T(pK™O)
tp Pe—Py T(K* " 7)>T (K*%7)
Pp ty L(p7")>T(07")
ty py IM'(wK%)>T(wK™)

from smallert,, and electroweak penguin amplitudes.

Some time ago the CLEO Collaboration reported evi-
dence forB*°— K" 0%’ [34] at a substantial rate, supported
by the data sample now analyzdd]: B(B"—K™'7')
=(8073°+8)x10°%, B(B*—K%»')=(88"13+9)x 1076,
Our interpretation of this resu[R9] relies in part on a large
flavor-singlet amplitudes’” which was proposed previously
to the discovery of these proces$&8]. However, an addi-
tional feature contributing tey’ production through the pen-
guin amplitudep’ is constructive interference between con-
tributions from nonstrange and strange quarks in#hgas
originally proposed by Lipkir36].

The CLEO Collaboration has now found evidence for
BT O K*(*:04[4]. Lipkin argues that the same mechanism
favoring B—K#%' (with B—K% not yet detectedshould
favor B—K* 7, with constructive interference betwenp
and py, in those decays and destructive interferenceBin
—K*n'. His argument is equivalent to the assumptjgp
=—pp. A similar relation applies to certain contributions to
charmed particle decay87].

We shall find that in contrast to the model-dependent pre

dictions based on factorization for penguin amplitudes, but "lglitude b, alone. From Eqs(1) and Table |,

accord with Lipkin's suggestion, there is some evidence fo
the relationp,=—pp, with |pp|?=|py|?. The conclusion
py=—pPp then entailspy=—pp, causing the penguin con-

tributions to many amplitudes in Table | to cancel one an-

other.

IV. INCLUSION OF SUBDOMINANT AMPLITUDES

We summarize in Table Il the evidence for interfering
amplitudes to be discussed in the present section. Whil
much of the evidence is not yet statistically compelling, in-

which we will refer for simplicity agp andty,, respectively.
Since in neutraB decaysTp and Ty, occur unaccompanied
by Cy and Cp, this introduces a small uncertainty in esti-
matingtp andt, from the measured S=0 B° decay rates.
We will use these measurements only to obtain an upper
limit on |tp|.

The amplitudesc’=C’'+Pg,, and s’'=S"—(1/3)Pg,
contain color-favored electroweak penguin amplitudes,
which must be taken into accou6]. We employ calcula-
tions based on the factorization hypothesi$,3§ to esti-
mate their importance. This assumption can be tested once
data become precise enough to specify the electroweak pen-
guin amplitudes directly.

We consider only strangeness-changing electroweak pen-
guin (EWP) amplitudes, since they are approximately?/
=20 times as large in amplitude as strangeness-preserving
ones. Furthermore, we consider only color-favored ampli-
tudes, which appear only in the case of neutral-meson pro-
duction. These are associated, through Efs.with the am-
plitudescp , andsp \,, and the coefficients of their reduced
matrix elements can be calculated either from Hd$.and
Table | or directly via the wave functions of the correspond-
ing neutral mesons and quark charg2g].

We need estimates of the electroweak penguin amplitudes
P’EW, in which the spectator quark is incorporated into a
pseudoscalar meson, aﬁd\E/W, in which the spectator quark
is incorporated into a vector meson. Strangeness-charying
decays with production of the vector mesqgifs w, and ¢
involve P'Z,,, while those with production of°, , andz’
involve P’ Y.

The amplitudeP’ £, has been estimat¢88] to result in a
30% reduction in the predicted rate fBr" — ¢K ™ in com-
parison with the contribution from the gluonic penguin am-

2
=0.7ppl%, (3

1
|A<B+~¢K+)|2=’p’p—§P'EW

implying P’ E\,=pp/2 for zero relative strong phase between
the electroweak and gluonic penguin amplitud@$e weak
phases of the two are the saé/e shall assume this to be
the case in what follows. The calculation of REE6] gives,
for N;=2, an electroweak penguin amplitudrd EW about

creased statistics that will be available from the CLEO II1,2/3 of that in Ref.[38], reaching the latter estimate for a
BaBar, and Belle detectors should be able to confirm or rehigher value ofN.. (Here N, is the effective number of
fute the trends that are suggested by present data. By takirggark colors in a M. expansion.
account of subdominant contributions, we can arrive at more A more general fit to amplitudes could leave the relative
accurate estimates of those amplitudes mentioned in Sec. li$trong phase between electroweak and gluonic penguin am-
plitudes as a free parameter. The relative strength of elec-
o _ ] troweak and gluonic penguin amplitudes can be tested by
A. Contributions of electroweak penguin amplitudes relating B— ¢K (which involves both to Bt LK*O +
We shall neglect the color-suppressed contributiops,  (which involves justpp). With the magnitude oP'E,, esti-
in strangeness-changing processes since they are highly supated in Ref[38], the corresponding nonstrange contribu-
pressed relative to the dominant penguin amplitudes. Théon PE,, results in a predicted branching ratiB(B*
strangeness-conserving ter@s ,, are subdominant to the —¢m")=10"8. This is completely consistent with our an-
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TABLE lll. Color-favored electroweak penguin contributions to TABLE IV. Predicted inequalities due to interference between

|AS|=1 B decays. electroweak and gluonic penguin amplitudes.
Deca p'P Deca pY Subdominant  Interferin Consequence
y EW y EW 9 q
mode  Coeff. Contrib. mode Coeff. Contrib. amplitude with
pOK 1 _o03mp Ko 1 —oaay PEw P I($K*)=T(¢K)<T (K*°m")
2 2 P'Ew Py 2T (0K <T' (pTK%) <2I'(p°K°)
K 1 oam, K 2 o1 P'Ew P [(K*0m")>2T (K* )
@ J— ~p n . —U.1WPp
3.2 33
PK 1 -01%p K*gp'  _ 1 —0.0%) B. Evidence fort,—pp interference from BO—K*+ ™~
3 36 and B— ¢K

We present in this subsection the main evidence for nega-
tive cosy, through the enhancement of the decBy
satz P’Ew: pL/2 if |ph|2=10 as noted in Sec. Il and if 3K*+7r‘ relative to its contributi_on f_rom the penguin am-
IPPu]=A|P'Eyl=|pL/10. pI|tudg alone.. Including the cqntrlbutlon _of the electrqweak

The decayB*—p*KC is purep,, while B~ p°K® in- penguin amphtudze, we nlotzed in the previous subsection that
volves interference betwees, andP’'E,,. As follows from I[ls;ri]'c |AE%?7;Z’§+) L_d)?(ﬂ;) 2'5' 9L>J<sir2)9Gthevs.\;p?rrlgenéii;paagr
the expectation that,=—pp (see Sec. IV § this interfer- 04|2<8.4 or|ph| <2 90(900/' cL ' a1 The branchin
ence is expected to be constructive, resulting in more than e ' 00 Pp 0 070 L. 8s UsU € branching
two-fold enhancement aB(B°— p°K°) relative to the pre- ratio for B"— ¢K " is cons(l)steni\ivnkl this bounq.G 0
diction in the absence of the electroweak penguin amplitude. On.the (_)theLnidb’z(B ok )> 12X 107 at 90%
The comparison of rates for these two processes thus is &L~ implying |pp+tp|“>12 for the charge-averaged rate.

relatively real, we predict that in Sec. Il B. The weak phase @f, is = and the weak phase

of tp is y. We temporarily relax our assumption of vanishing
strong phases, assuming only that the relative strong phase
betweenp; andt; satisfies co$>0. This assumption ap-
) pears reasonable on the basis of both perturbd8@4Q
and statistical41] estimates. We then find that the equations

2T (p°K° P'Ew|’
(’1 O)=(1— EW) >1.
I'(p™K") Pv

The amplitudeP’ ¢, is estimated if16] to contribute to Ppl<2.90, [tp|<1.22,

B*"—K**#® in such a way thatP’},/pp=(0.28—0.35, -
0.23-0.29, 0.14-0.20or N.= (2, 3, =). We shall assume |pp+tp|*=|pp|>+[tp|*—2|pptp|cosy coss>12  (6)
the nominal valueP'Y,,/pp=1/4.

The relative phase expected betweRh,, and pp in

Refs.[38] is consistent with that if16]. Both find destruc- , , o o

tive in[ter%erence iB— K* 070, Byrﬁcognparing the rates for 2.25<|pp|<2.90, 0.56<|tp|<1.22, 107%y< 180(’7)
B*—K*%" (pure pp) and B%—K*%7% (with gluonic-

electroweak penguin interferencene should be able to de- where the valuey=107° corresponds to the maximum val-
duceP’{\/pp from experiment. Assuming that the two am- yes|pp|=2.90, |th|=1.22, cosy=1. Thus, constructive in-

have a solution only for the range

plitudes are relatively real, we predict that terference betweet}, andpj,, corresponding to cog<0, is
required. The valuey=107° is marginally consistent with
2T (K*O770) prv |2 t.he. range spepified in Rdfl9], but far outside the aggressive
:( 1— EW) 1 (5) limits quoted in Ref[20].
[(K*O7) Pp

C. Information on py and S, from B—(wK,K* ,K* ")

We summarize the expectations for EWP contributions in  We define the parameters and u by S,=«pp, py
Table Ill. We quote estimates of ratios with respect to glu-=— upp. We assume andu are real, thereby neglecting a
onic penguin amplitudes since they are probably more relipossible strong phase. A set of constraintskoand u will
able than those of absolute magnitudes. We will see that thiee deduced from bounds on the magnitudes of the following
contributions in Table 1l lead to a self-consistent picture.amplitudes:
Eventually it will be possible to determine the electroweak

penguin contributions themselves from the data. Predicted 0 0|’ 1 P _|_ E ,
inequalities based on electroweak penguin contributions areA(B — oK)= pyt 3 Plew V2 mt 6 pP/\/E,
summarized in Table IV. (8)
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2, ) With these parameters, witlp,|<2.90, and with maxi-
Pv— Pp—tp_§P EW_S\/} /\/§ mally constructlve interference, one find&B* —K* * )
<28x10®. With no interference, the maximum branching
/\/— © ratio is about 2X 10°°. Thus, in order to demonstrate con-

A(B+—>K*+7]):

++7
ptetg

! !
Pptip vincing interference betweetf, and the remaining ampli-

tudes inB* —K* * 5, it will probably be necessary to mea-
,, 2 , sure the difference in branching ratios foB(*:®
Pv—Pp— §P EW S\/} V3 —K*(*:94 to about 10%.
The large value ofp{|>2.25 fromB°— wKO stands in
sharp contradiction to most explicit models. It implies that

A(BO—K*09)=

Tlatety pP/‘/— 10 BB*—p*K%>5x10"°. In contrast, for example, Ref.
[21] predictsB(B™—p*tK®%) =6x10"7, nearly an order of
0 w0 A S , magnitude lower.
A(B —K*%n')=| 2py+pp— ZP'Ewt4S,| /V6 With p,= —pb, 2.25<|pb|<2.90, ands,=0.58, the
branching ratio foB°— K*y is predicted to range between
11) 13 and 2 10 ©, in satisfactory agreement with the experi-
:(_2“+4"+ 12) pP/\/— 1Y) mental value.
The 90% C.L. bounds we use, based on the data in Table I, D. Information on t, and tp from B¥—(p° @)t
are and B’—p* 7™ rates
4.3<|A(0K)[2<17.2, 15.6<|AK** 7|2, As mentioned in Sec. Il A, the dominant amplitude con-

tributing to B" —p°7" andB" —wn" is ty. The central
IA(K*O9)|2<21.2, |A(K*05')[2<20. (12  Vvalues of the branching ratios quoted in Table | correspond
to differences of tens of percent between these two rates.
Other experimental bounds turn out to give weaker condi-This trend is what one expects if the domlnant amplittigle
tions onk and . Taking account of the maximum magni- mterferes withpp constructively Inp * and destructively
tude|tp|<1.22, these bounds lead to the conditions in wm". From the bounds opy obtained earlier and the
expectation|pp|z , one finds 0.49|pp|<0.64 (90%
C.L.). The relative phase betweqn andt, should beg
+y=x—«a in the limit that one neglects up and charmed
quark contribution$42] to pp. Thus, for cos¥>0, one will
11 get constructive interference betwegrandpp in p°7* and
Ak—2p+ 1—2‘|p,’3|<10.95. (13)  destructive interference im 7.
We should mention the importance of the up and charmed

With |pp|=2.90, these relations then have a solution withinquark contributions tdo—d penguin amplitudes noted in
the trapezoidal region bounded by the pointg,)  Ref.[42]. In the limit in which the charm contribution domi-
=(—0.45,1.18), (0.40,1.18), —0.26,1.84), and hates, one measurescosy instead of cos. Since y=1
=225 the Corresponding region is —oz—,B andﬁ is limited to a small range around 20°, the
bounded by ¢0.20,1.47), (0.91,1.47),<0.17,2.55), and values of cosx and —cosvy are not all that different. How-
(—0.54,1.81). Negative values of violate the last con- €Ver, without an explicit evaluation of the relative up, charm,
straint in Eq.(13), leading to unacceptably high values of the and top contributions to thb—d penguins, the interpreta-

1 7
2.93< | u— g‘ Iph|<5.86, 5.49<|u+ K+ g‘ Iph|<7.97,

branching ratio folB°—K* %’ tion of tree-penguin interference kS=0 processes is open
The boundu>1.18 is very close to the situation in Ref. to some questiof43].
[36], wherep,,=—pp, and very far from the model calcu- The coefficient ofpy is of the same sign as that &f in

lations in WhICh|pV|<|pp| Thus, we will assume in what B*—p°m" andB"—wm". With the conjectured relation
follows that p,=—pp or =1, and will tolerate a small Pv=—Pp Mentioned at the end of Sec. IlI, one then has
discrepancy {-1.60) with respect to the observed value of

ot Siont: Sl P AB* = p0m") = (~ty+2pp) 2,

For u=1 and |pp|=2.90, the value ofx=S|/pp is
bounded between-0.28 and 0.58 by the second of Egs.
(13). The corresponding range fopg|=2.25 is 0.2« 5o that one may use the latter process to estifiat® with
<1.38. We shall takex=0.58. In Sec. VI A we shall show the result
that a similar ratio is characteristic & /P’ in B—PP de-
cays. As in Ref[29], there is still some uncertainty in the 2|A(B* —wm™)|?=]ty|?=22.6"{3, (15
contribution of the flavor-singlet amplitude which must be
resolved with the help of better data on decays involving or 3.78<[t,|<5.65, 0.85|t\|=|Vs/Vydl|ty]<1.28 at
andz'. 90% C.L. Assuming top-quark dominance mf, the phase

AB"—wr)=t,/V2, (14)
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a can then in principle be deduced from the rate B TABLE V. Summary of 90% C.L. bounds or assumed values
—p%7*. With present daténeglecting strong phase differ- for amplitudes contributing t@— VP decays.
ences to display maximal interference effe¢cthe rate

AS=0 |AS|=1
2|A(BT—p°7m ™) |?=||ty| + 2€'*| pp||2=30+ 13, (16) Amplitude Range Amplitude Range
. . . t 3.78-5.65 Y 0.85-1.28
still permits all values of coa. However, if we were to take tV 2 48-5.39 :Y 0.56-1.22
the central value of the=* branching ratio seriously, we P 0'49 0'64 P 2'25 2‘90
would obtainB(p°#7*)=(17,12)x 10 © for (fully construc- Pe e Pe e
tive, no interference betweety, andpy— pp=—2pp. As in Pv Pp Pv —Pe
the case of th&K* 7 decays mentioned above, a 10% mea- SPV 0.58%p ,S\P/ 0-§3Op
surement of thav7™ and p7™ branching ratios would be P\E/vv pe/2 P’\E/w p,,,/2
needed to begin to shed light on the expected magnitude of ~ Pew pel4 P'Ew Ppl4

the interference term.

We now use data oB°—p* 7~ to specify the upper
bound(mentioned in Sec. 1l Aon |tp|. We use the fact that its effect inB*— K™ can be considerably diminished by
in|A(p~ 7 ") [2=|ty+py|? and|A(p* 77)|2=|tp+ pp|? the  destructive interference with both tree and electroweak pen-
relationspy= — pp andt,~t, cause the interference terms 9uin contributions.
to cancel approximately, so that the sum of the rates yields

|tv|2+|tp|2+|pv|2+|pP|2235iﬁé- 17) V. SUMMARY OF PREDICTIONS FOR B—VP DECAYS
We have deduced ranges for the main amplitudes govern-
Taking 0.49<|py|=|pp|<0.64 andty|? as specified above, ing B—VP decays from existing data and bounds. Within
we find |tp|°<29 at 90% C.L. The corresponding upper these ranges, some of the penguin amplitugies Sy, PEiY
bound on|tp| is 1.22, as mentioned in Sec. Il B. The lower and the correspondingh S| =1 amplitude} were chosen to

bound on|tp| implies |tp|>2.48, |tp|?>6.1. have specific ratios relative fm or pj. Our resultat 90%
C.L.) are summarized in Table V. They imply that many of
E. Effect of t|, in wK decays the processes listed in Table | should be observable at

. . I branching ratio levels of a few parts in®.0These are sum-
Taklng account of electroweak penguin contributions, themarized in Tables VI and VII. Some were already noted in
amplitudes forwK decays are dominated by the terms the previous sections. In addition to predictions for the sign
A(B* K*)=(p,+t,+0.1700)/\2, 18 of mtgrference with cog<0 and 0081.4>0, shown by num-
(BT =KD =(pytty Pr) V2 (18 bers in parentheses and mentioned in the text, predictions for
0 0y — ’ ’

A(B°— wK®) = (p}+0.17p)/ 2. (19) TABLE VI. Predicted 90% C.L. ranges f@&" — VP branching
ratios(B.R.) in units of 10 8. Values are quoted for no tree-penguin
interference. Those in parentheses denote possible values when
such interference is present with1<cosy<0 or 0<cosa<l1,
while those in brackets denote corresponding possible values with

With py,=—pp [as chosen in our analysis &* (w,7) de-
cayg, we then find

A(B*—wK*)=(t{,—0.8%p)/\2, 0<cosy<1 or —1<cosa<0. Charge-averaged branching ratios
are understood heréa) Input value was 11.3335. (b) Upper bound
A(BO—>wK0)= —0.833’p/\/§. (20 served as input.

The last equation implies 1:810 <B(B°— wK?%<2.9 Mode Predicted B.R.
X 1078 for 2.25<|pp|<2.90. The experimental branching ptm® 3.6 (0.7-15[22]
ratio is compatible with this range at &:6(95% C.L), as POt 7.8[3.01-17 (24)
mentioned above. We note in passing that we preld{&° wmt 7.1-16(a)
—wK®=T(B"— ¢pK")2=T (B~ $K%/2. Since B° ot n 2.1(1.5-9.7[11]
— wK® has been seen whi— ¢K has not(the #K° signal ot 12(0.2-52[7.9]
is only 2.6r), this could be the first test capable of falsifying pHKO 5_8.4
our assumption thagty,= —pp . pOK* 1.0(0)-1.9[3.7]

Since the weak phase 6f is y and that ofp; is 7, we wK* 2.1(0.2-3.8[6.8]
get destructive interference betwegrandpy in the charge- PK* 3.5-5.9(b)
averagedwK™ rate (when cos5>0) for cosy<0. Taking K*07+ 5-8.4
0.85<t,,|<1.28 as suggested aboypp|=2.90, and maxi- K* + 70 4.1[1.31-7.3(12
mally destructive interference iIB* —wK™*, we getB(B* K**p 13[8.2]-22 (28)
—wK")=10"%. Thus, although we predigp,, to have a K** oy’ 1.3[0.4]-2.4(3.9

considerably larger magnitude than do many specific models
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TABLE VII. Predicted ranges foB°—VP branching ratios
(B.R). (See caption to Table VI for details(a) Input value was
22"3. (b) Upper bound served as input.

Mode Predicted B.R.
p- 't 15[11]-32 (40)
prm 6.3(3.3-29(37]
p K* 5.6 (0.9-10[17]
pPK© 5.7-9.5
KO 1.8-2.9
oKO 3.5-5.9
K** 5.4[1.1-9.9(17) (a)
K* 0,0 1.4-2.4
K*O7 13-21(b)
K*Op’ 1.3-2.4

the opposite sign of interference with cps0 and cosy
<0 are shown in brackets.

A. pmr decays

The decayB*™—p*#° should be dominated bytp|,
whose square we estimated to be between 6.1 argh2ur
usual unity, leading to a predictiof3(B* — p* 7% between
3.6 and 1510 © in the absence of tree-penguin interfer-
ence. If interference betweép andpp— py=2pp OcCcurs, it
is likely to be destructive for cog>0, and could reduce the
lower bound to less than 16. In B®—p~ 7" we expect

A(B’—p~7")=—(ty+py)=—(ty—Pp), (21)
with B(B°—p~7™) ranging from 1510 ° (for the small-
est acceptablkt,| and no interferengeto 40x 10 © (for the
largest acceptabli,| and constructive interference, as ex-
pected if cosr>0). With A(B°—p* 7~ )=—(tp+pp) we
expectB(B°— p ™ 7 ) ranging from 6.3 to 2810 ° (for no
interferencg or as low as 3.8 10 8 (with destructive inter-
ference, as expected if cas-0).

B. ptn and p* %’ decays

The decay8" —p* 7 andB™—p™ 5’ should be charac-
terized by branching ratios ranging from 2 t0x10 ¢ and
0.2 to 8x 10 8, respectively. Some events pf 5 have al-
ready been observd@], but the significance of the signal is

marginal. This process may be a useful one to measure the

magnitude oftp, since the(small) penguin contributiongy,
and pp are expected to cancel one another approximately.

C. pK decays

The decayB™ —p*K? is due entirely to thep|, ampli-
tude. Thus we exped(B™— p*K°) to range between 5 and
8.4x10°°. With |py|?=|p||%/20 we then expect3(B*

PHYSICAL REVIEW D61 073008

The decayB ™ — p°K* should have a branching ratio very
similar to that forB™— wK™ except for the electroweak
penguin contribution. However, this contribution is expected
to be appreciable, further reducing the magnitude of the am-
plitude through destructive interference wijt) andty, :

A(B*—p°K*)=—(p{+1,+0.505)/\2
= — (£~ 0.5pp)/\2,

leading to a branching ratio of 1 to x40 if there is no
interference betweet(, and p;, and possibly even less if
there is destructive interference as expected foryets.

The decayB®—p K™ has the same matrix element as
Bt —pPK* except that it is missing the electroweak penguin
contribution and is a factor of2 larger:

(22)

A(B*—p K*)=—(py+t). (23
With no interference, the expected range of branching ratios
is about 5.6 to 18108, while destructive interference for
cosy<0 could push the branching ratio below 10

The decayB®— p°K° is expected to exhibit constructive
interference between the gluonic and electroweak penguin

amplitudes:

Py—ch PU—P'Ew —Pp—0.50

V2 V2 2

(24)

A(BOHPOKO) —

leading to a predicted range for the branching ratio between
5.7 and 9.5 108, an order of magnitude greater than that
in the model of Ref[15].

D. ¢K decays

The anticipated limits onfpp| lead toB(B™ — ¢K™) be-
tween 3.5 and 5910 ®. Suppression below this range
would cast doubt most likely on our assumption of flavor
SU(3), which required the amplitude fas production in the
final state to be the same as that ton or dd production.
Another possibility is that electroweak penguin contributions
lead to a stronger suppression than in Eg). We expect
B(BT— ¢K*)=B(B°— ¢K°, so a similar range is ex-
pected forB®— ¢K?O.

E. K* 7w decays

The decayB* —K*%7* is expected to be dominated by
the p;, amplitude, and thus to have a range of branching
ratios between 5 and 8410 °. The correspondings S=0
processes,B* —K*°K* and B°—K*°k° should have
branching ratios between 0.3 and 8.20 .

The gluonic and electroweak penguin amplitudes are the
main contributors tdB°—K*%7°, leading to an amplitude

—K**K® and B(B°—~K*°K®) to range between 0.3 and A=(pp—P'{y)/\2=0.75p/12. With 2.25<|pp|<2.9,

0.4x10°8. At these low levels it is hard to exclude the pos- we then predict 1.4 10 °<B(B°—K*°70)<2.4x107%, in

sibility that rescattering effects could feed these channelaccord with the upper limit of 4210 ° for this branching
from other more abundant ones. ratio.
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TABLE VIIl. B—#m#, B—Ka andB—K#%' decay modes, with decomposition into invariant ampli-

tudes.

Decay Amplitudes B.R(units of 10 °)

mode ©)

mta —(T+P) 471806 (4.27)

A —(T+C+Pew)/\2 5.4°31+15 (3.2)

K* o™ —(T"+P") 18.8"28+1.3 (11.%)

Km0 —(T'+P'+C'+PLy)/\2 12.1°3%°2% (6.10)

KOz * P’ 18.2°48+1.6 (7.6r)

KO0 (P'—C'—PLW/\2 14.8'23%3 (4.70)

K™y (3P'+4S' +T'+C'—(13)PL )/ /6 807 3°+8 (16.8)

Ko7' (3P’ +4S' +C' — (1/3)PLy)/ /6 88" 18+9 (11.%)

In the decayB* —K* * 70, constructive tree-penguin in- F(K'7 )+ (Ko7 ) =2[[ (K" 7%+ T (K°7%)]
terference can occur for cgs<0. If no such interference (25)

occurs, one expects the branching ratio to range between 4.1
and 7.3< 10 ©, while it can reach as high as ¥20 ®ifthe =~ when dominated by thB’ amplitude and expanded to lead-

constructive interference is present. ing order in smaller amplitudes. A slightly more general
proof of this relation was given in Ref45]. With the new
F. K* 5 and K* ' decays experimental values, this relatigim units of (branching ratio

. _ X 10°)] reads
The tree-penguin interference is expected to be construc-

tive for cosy<0 in BY*—K**y, leading to B(B*

—K**5)>B(B°>~K*%y). For the value ofS|, chosen

here, it is also expected to be constructive for £g® in ) .

B LK**y leading to B(BT—K**y)>BB° N satisfactory agreement at thelo level.

—K*7'). The exact magnitude of these branching ratios is_(2) Complete P dominance.In the limit in which all

very sensitive tcS),. The large disparity betwee* 7 and in;;%lltzqesoef%e;:fo can 2‘; ”;(9'%Ct8dh‘?”ﬁ,hﬁf*< 7 )t

K* 7’ is only possible wherp,, has an appreciable magni- ._ (KZa) =T (K'ar") =2I'(K"ar"), which is also in sat-

tude, comparable to that @fs, in contrast to the estimates isfactory agre_ement_ with experiment. Thus, at the moment,
' o P there are no indications frod 7 decays for the amplitudes

based on factorization.

T', C’, or Pgy.-
(3) Bound ony from I'(K°#*)/[2I" (K" #%)]. A test for
interference of subdominant amplitudes with, taking ac-
The processeB®— (p°,w)+ (7% 7,7') are expected to count of electroweak penguin effects, can be based on the
have very small rates. The gluonic penguin contributipps ~deviation of the ratio R*=I'(B*—K%")/[2'(B*
and py are predicted to cancel one another, leaving only—K*7%)] from unity [10-13. With present dataR*
small electroweak penguin terms. At this level we cannot=0.75+0.28, not differing significantly from 1.
exclude the possibility that color-suppressed amplitudes, ne- (4) Bound ony from I'(K* 77 )/T(K%7"). An earlier
glected here, play a role, so we estimate only that thestest for interference of ' with P’ [8] becomes useful when
branching ratios are all less than 70 and do not quote the ratoR=T'(B°—K "7 )/T(B"—K%=") lies below 1:

37.0°28=53.8"137, (26)

G. Other processes with neutral mesons

them in Tables VI and VII. sirfy<R. Since with present dat&=1.03+0.31, no useful
bound results. It may be possible to combine data on charge
VI. IMPLICATIONS FOR OTHER PROCESSES asymmetries[6] with information on R or R* to place

bounds ony [9,11,12,14,4%
A B—PP decays (5) Information from B— 7r7r decaysWe may briefly up-
The CLEO Collaboratiori5] has presented evidence for date previous analysdsee, e.g.[29,30) of B— PP using

two B— 7 modes, fourB— K7 modes and tw—K 7’ the new results in Table VIII. The small branching ratio for
modes[4], as shown in Table VIII. Also shown are decom- B°— 7" 7~) will be seen to favor coa=0, in accord with
positions into S3)-invariant amplitudes, including explicit other recent claim§5,15,17,18, but only at the & level.
contributions of color-favored electroweak penguin ampli- We first estimate the amplitud€ from the rate for the
tudes.(The smaller contributions of color-suppressed elecdecay B* —#*#%. We find from Table VIl that|T
troweak penguin amplitudes are omitieWe make several +C|?/2=5.4+2.5. We need an estimate of the small contri-

observations about these results. bution C and assume for present purposes the validity of the
(1) Sum rule for Kr decay ratesLipkin [44] has noted calculation in Ref[40] whereby ReC/T)=(0.1). (As in
that theB— K 7 rates satisfy the relation estimates of electroweak penguin amplitudes, we place more
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TABLE IX. Summary of amplitudes contributing t8— PP
decays(a) Assuming constructive interference betwe&nand P’
in B—K7%' decays.

PHYSICAL REVIEW D61 073008

B. BS-§S mixing

The comparison of th&°—B° mixing parameterAmy
=0.464+0.018 ps! and the B,—B, mixing parameter

AS=0 |As|=1 Amg>14.3 ps?! (95% C.L) [50] provides information on
Amplitude Value Amplitude Value cosy. Defining fg and fg_as the nonstrange and strarge
7| 3.0+0.7 hd NulPis meson decay constants aBg andBg_as the corresponding
|P| \|P’|=0.94+0.12 [P’ 4.3+0.5 vacuum-saturation factors, we have
S NEd |S'| (0.6£0.2)|P’'| (a)
[Ams st mBsBBs VtS (30)
Amd fB\/mBBB th ’

reliance on ratios of amplitudes than on absolute magni-
tu.des) We the_n find T|=3.0=0.7, in satisfactory agreement leading, with st /BBS/[fB\/B_B]<l-25 [49], t0 |Vis/Vydl
with other estimatep47,48. >4.32 and [Vig/AN3|=|1—p—i7y|<1.05. Thus only a

The+pen%uirl amplituglé’ may be estimated from thg PIO- small region of cog<O0 is allowed. If the indication for
cessB™ —K"7 ™, which is expected to be pure penguin am-

plitude: |P'|?=18.24.6, or |P'|=4.3=0.5. Then |P|
=\|P’|=0.94+0.12.
Assuming top-quark dominance Bf{42], the weak phase

« and the relative strong phagehen are constrained by the

charge-averaged™ 7~ branching ratio:

|T|?+|P|?2—2|TP|cosa coss=4.7+1.8, (27

0.9+ 0.9=cosa cosd. (28

Thus, assuming ca$>0, one favors coa>0, but only at the
~10 level.

(6) Ratio of singlet to penguin amplitudes/8’. Taking
the dominant terms in thB°—K°%' decaysthereby avoid-
ing possible complications associated with fffe contribu-
tion toB* —=K*%’),

3P’ +48

—

A(BO— KOy )= (29)

negative cog from B’—K** 7~ mentioned in Sec. IV is
borne out, one should be at the verge of observing a signal,
not just a lower bound, foAm;.

C.Kt=atwvr

A recent update of constraints a6 — 7" vv has been
published[51]. With cosy constrained to lie very close to 0
on the basis of ouB— VP analysis combined with the
strong limit onAm;, the branching ratid(K*™— =" vv) is
constrained to lie not far from 13°. This is consistent with
the present status of Brookhaven Experiment E[/A2], but
more data are expected.

VII. CONCLUSIONS

We have studied the decaBs— VP, whereV is a vector
meson andP is a pseudoscalar meson, in a flavor(S\J
invariant analysis. Two main conclusions have emerged.

First, the pattern of interferences between dominant and
subdominant amplitudes, particularly in the dec®y
—K** 7~ (discussed in Sec. IV Bfavors a weak phasg
in the second quadrant of the unitarity triangle plot: ¢os
<0. This conclusion, reached under the assumption that the
tree-penguin strong phase difference in the above process is

neglecting color-suppressed and electroweak penguin termsyqjier than 90°, agrees with that reached on the basis of

we can estimate the rati®’ /P’ in the case of constructive

interferencethe case considered for the rag/pp contrib-
uting toB—K* ). We findS'/P’=0.6x0.2, which is very
close to the value taken f&,/pp.

(7) Reduced amplitudes for-BPP and comparison with

more model-dependent analy4és15,21,17,18 It depends

to some extent on an estimate of the magnitude of elec-
troweak penguin contributions, and on the assumption of fla-
vor SU®3) in relating the penguin contributions B— ¢K
decays to those iB— K* 7 decays. When combined with

those for BV P. We summarize the reduced amplitudes forthe constraint associated wittmg, this result favors values
B—PP amplitudes found in the previous paragraphs inof y close to 90°.

Table IX. (We do not include the electroweak penguin am-

plitudes discussed in Refgl0]- [14].)

Ratios of other decay rates, including not only those listed
in Table Il but also the ratiosI'(B°—p K™)/T(B*

The value of ' T| found here is comparable to those found —p*K® and I'(B°—K* "7 7)/T(B*—K*%7 ") (the VP

for |tp| and|ty| in Table V. One might expectsee, e.g.,

analogues of the Fleischer-Manfig] ratio R) can shed light

[49)) that|tp/T|=f,/f =2, which is also consistent with on tree-penguin interferences, permitting constraints on
present data. The value (®’| is somewhat larger than our CKM phases with sufficiently accurate data.

values of|pp| and|py|, where the smallness ¢pp| is dic-

Second, there seems to be evidence for a penguin ampli-

tated in part by the need to accommodate a small branchingide, calledp,, in our notation, at a much higher level than
ratio for B— ¢K. We have already commented on the factpredicted by specific models. This amplitude contributes to a

that|S{/Py|=|S'/P’| is consistent with present data.

number of processes, notatBy—K* » andB* — p*K°.
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We have predicted a number 8—VP decay rates to +my)(ms+my)]. We assume isospin conservation and neglect
have branching ratios of a few parts in®lGas shown in differences  between Q; and Q,=—2m2/[(m,
Tables VI and VII. Assumptions made about the relative+mg)(2m,)] and betweenQs and Q4E_2m§/[(mb
importance of gluonic and electroweak penguin contribu-+m,)(mg+m,)]. We find
tions can be tested by measuring the ratios of certain decay

rates inpK and K* 7 channels. In particular, if the elec- P;,=VfthSfK*F?_’”(mi*)a4, (A1)

troweak penguin amplitude responsible for the suppression

of B — K™ is smaller than the value we have u$88é], as Py =V VifKAE7P(m2)(as+agQs), (A2)

suggested, for example, {16], the argument for cog<0

becomes somewhat stronger. Tp=—Vi Vusfrs F?*W(mi*)al, (A3)
The discovery oB— VP processes at the predicted levels

would be strong evidence that the hierarchy of amplitudes T,= —VﬁqustAng(mﬁ)al, (A4)

suggested here should be taken seriously. One would then

have a model-independent way to anticipate the strength of a SEZVfthswa?HK(mf,)(aer as), (A5)

whole host ofB decays whose study can shed light on the

source ofCP V|ola.t|0n. The advent of an upgraded dete.ctor S|= ViV, ”,AS‘_’K (m2’ )(as—as), (A6)

and improved collider at the Cornell Electron Storage Rings, 7

the debut oB-factories at SLAC and KEK, and the ability of PP~ (32VEV,f FEK(m?)(ag+ay), (A7)

hadron machines to contribute incisively B physics, all

zTr?;ef ;??efSLg::ghftudy oB— VP decays a potentially rich PV, = (3/2VEV,e fwAg“K*(me J(ag—a,), A8)
Upper bounds for branching ratios for SoBe-VP anap.  Te= ViV T T(mdas (19)
&%Ze‘jefiﬁry Smhﬁgjc;ii?u‘é{fﬁimfﬁe'”cffﬁ]ﬂiieeéjé’sﬁm Ty= = ViVl AF (22, (10
t;)aﬁ czB)(:B(*l—? (jf;rg*A)‘i(v?/hllc);< i};)s nolf cr:;\lxgz:jgrhf:gs,bter:gsv;\:e Pp= Vfbv‘dfPF?HW( mﬁ)a4, (A11)
e o Lt e S TR ey 2
Cosa are permitied, remains true. In Eqg. (A6) the constantd, , are defined with the same

normalization asf . in terms of the quark content of the
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