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Tree-penguin interference and tests for coy<<0 in rare B—PP, PV, and VV decays

Wei-Shu Hou
Department of Physics, National Taiwan University, Taipei, Taiwan 10764, Republic of China

Kwei-Chou Yang
Institute of Physics, Academia Sinica, Taipei, Taiwan 11529, Republic of China
and Department of Physics, Chung Yuan Christian University, Chung-li, Taiwan 32023, Republic of China
(Received 2 August 1999; published 9 March 2000

Recent rar8— PP, PV decay data suggest that factorization holds well if, contrary to current fits, one has
cosy<0 wherey=arg(V;,). We update previous results with light cone sum rule form factors, which seem to
work better. We then discuss variolls—VV modes as well as th&* » modes. Finding the pattern of
pTl<ptp? K*tp O>K*0pt  K**u0>K*00 and K* " %>K*%y would strengthen the support for
cosy<0. The electroweak penguin amplitude enhar(seppresseshe K* *p° (K*°p%) rate by a factor of 2,
and findingk* " p®=K* *p~ would be strong evidence for the electroweak penguin amplitude.

PACS numbgs): 12.15.Hh, 12.15.Mm, 13.25.Hw

I. INTRODUCTION additional channeld10] for which the y range can be
probed.
Experimentally, a number of hadronic rd8elecay modes We update thdB8— PP and PV modes P, V stand for

have been observed—3] in the last two years. They may pseudoscalar and vector mespneith form factors from
allow us acces$4—7] to unitarity angles of the Kobayashi- light-cone(LC) sum ruleg{11], which seem to give a better
Maskawa(KM) matrix such asy [=arg(V%,) in standard fit to data thap using Bauer-Stech-Wirl@SW) form ffc-
phase conventidn by exploiting interference between tree 10rs[12]. We find further that som&V modes and th&* 7

and penguin amplitudes in these modes. The presently ofP0des are promising. Proczs)sses that are basically pure T
served decay processes can be catalogued into two classé&9-P P°) Of pure P(e.g.K™/¢) depend only weakly on
The first class, e.gB— p, is dominated by tre€T) level ~ 7» and thus offer direct tests of factorization. If lar@e

b—u transitions, but may have sizable pengu contri- ~ 25YMMetries dcp) are observed in th&*)¢ modes, it
butions. The sécond class, e.@—Kz', Km, and the could be a signal for new physics. The paper is organized as

v ob K d in dominant follows. In Sec. Il a brief review of the theoretical frame-
newly observe 7 mode, are penguin dominant pro- 5 js given. We then sketch how sensitivity o angle
cesses which may have sizable T/P.

) emerges. In Sec. lll we discuss in detail the hints of negative
Two-body decays 0B mesons are usually studied under o« fom existing data. We show that the form factors from

the factorization hypothesis. Based on this hypothesis, thec sym rules are preferred by data. Adopting LC sum rule
decay amplitude is given in terms of a weak transition am+orm factors, in Sec. IV we study théV modes as well as
plitude and the decay constant of a factorized final state M&spome other modes that can offer further tests forjeo8 or
son. Nonfactorizable Contributions are |Umped intO the eﬁecthe factorization hypothesis_ Fina”y’ the discussion and con-
tive number of C0|Or§\|eff which may deviate fronNc=3. clusion are presented in Sec. V.

The current fits of KM parameters give in the range of
60°—70° [8], which heavily relies on the lower limiAmg_
>12.4 ps?! from combining CERNe"e™ Collider LEP,
Collidier Detector at FermilaCDF) and SLAC Large De- The standard starting point is the effectix8=1 weak
tector (SLD) data. With a little loosened limitAmg_ Hamiltonian

>10.2 ps?! [9] at 95% C.L., some room is allowed for

negative cog. If one adopts, however, the currently favored Ge
y=60°—70°, it is difficult to explain present data such as Heﬁ:ﬁ
Kfr ~Ko7r* ~K*7%~1.5x107°, #* 7~ <0.84x10°°,

Il. THEORETICAL FRAMEWORK

ViqVul €1(#)O1(p) +Ca( 1) O5( 1) ]

and the strength of the newly observplir™~1.5x107° +VeqVenl C1(1) OF (1) + () O3( )]

and K* " 77 ~2.2x10 % [3]. All the data so far therefore 10

seem to prefer cog<O0 if factorization holdg 7], except the ERVERY, e () O tHC 21
size of K " w%~1.5x 10~ ® [2] which cannot be explained by t tbi:za (#)Oi() o @)

factorization[see Note adddgd However, all modes with

branching ratiogBr) of order 10> or more will likely be whereq=d,s, and

updated or measured soon by CLEO andBHactories. It is

thus of interest to explore any additional modes that can shed _ _ _ _

further light ony. In this paper we extend Rdf7] and study O1=(qu)y-a(ub)y_a, Oz=(dgUs)v-a(Usbg)v-a,
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OEZ(EC)V_A(Eb)V_A, Og:(aﬂca)V—A(gabB)V—Aa here are insensitive tbles# N¢. The influence ofNeq+# 3
2.2 will be briefly discussed. For detailed formulas we refer to

Refs.[14] and[15]. We will take q2=m§/2 [16] in penguin
0 :2 @q’) (ab) cpefficients to ger_1erate favorable absorptive parts via short

357 < (4 A )v-a+a)dB)v-a. distance rescattering. Smallef values would lead to much

q )

smalleracps. Thus, theC P asymmetries that we present are
for sake of showing the trend only. As an indication of pos-
sible sensitivity to factorization scalg;, we list ai“*ff for
Mi=m, andmy/2 in Table I.

As we are interested in studying dependence of decay
amplitudes, it is important to check the dependence of
short distance coefficients. Although thgs for b—s pen-
guins are basicallyy-independent becausg,.V,, is much
smaller thanV{Vy,=— ViV, it is not the case fob—d
penguin coefficients since all three KM factors are on the
, : same footing NV Vyp+ ViVept+ VigVip,=0. Thus, forb
with O3_g, O7_10the QCD, electroweak penguin operators_)d penguin coefficientsay. 1, will also exhibit y depen-

and (0102)v-a=017,(1* ys)d,. The decay amplitude is dence. In Fig. 1 we show the dependence od,, ag, and
computed by evaluating the hadronic matrix elements of — — .
Hoo Qe ag for both b—dqg andb—dqq. These are the dominant
eff» -+ gluonic and electroweak penguin coefficients. We see that
Ci(ﬁ«)<oi(ﬂ)>:Ci(ﬂ)gij(P«)(Oj>facECjeﬁ<Oj>fac-

04(6):2 (a,ﬁqiz)va(V+A)(aabﬁ)V7A1
q’
3 P S
07(9)25 > €q(a'a" )vav—n(ab)y_a,
q/

3 PR P
Os100=5 2 g (pda)v+Aarv-a)(dabp)v-a,
q

for y=50°-150°, Rea, and Reag are within 3% of
(2.3 —0.0383 and—0.0437, respectively, while R is con-
stant. These values are basically the samb-as penguin

where theu-dep. of(O;(u«)) has been taken out through the coefficients. Variations of In&, ¢ are more sizable but they
matrix gj;(«) which cancels theu-dep. of ci(u) to give  are less significant than Rafg) in contributing to average
cfﬁ, which should not depend on the theoretical scale paranrates. Thus, given the present experimental uncertainties as
eter . The matrix elementgO; ). are evaluated at the fac- well as underlying uncertainties associated with the factor-
torization scaleu by equating it to products of matrix ele- ization assumption, to first approximation tlyedependence
ments of quark bilinears, the evaluation of which is done byof b—d penguin coefficients can be safely ignored. In the
form factor models. It can be shown that thgs areu,  following numeric results, howeves,-dep. ofb—d penguin
scheme and gauge independEt], but it should be at the coefficients have been taken into account.
same scaleu; where one evaluateéO;)c. Whether, or Let us see how tree-penguin interference gives us a bear-
how, factorization actually works, however, is not well un-ing on cosy. Using the standard phase conventi@j of
derstood. putting CP phase inV ,=|V,,e"'?, the tree amplitudes

The decay amplitudes derived from the factorization ap{0O, and O,) for b—uud and b—uus processes have the
proach are given in terms of effective parameuﬁf& where KM factors
asi=c5/+ (N5 and a5l =c5;+(LUN)c5] (j
=1,...,5). Inwhat follows, we adopt the values aafff 54
given in Ref.[14] which are evaluated gii=m,, useN, 24
=3, and ignore final state interactio(fsSl). Since the pres- respectively, whera=|V,J=0.22. The penguin amplitudes
ently observed modes are largely color allowed, most resultéO,_,), on the other hand, are governed by the KM factors

ViVu=|Viple " and ViV p=\Vyle™?,

TABLE I. Values fora?” for b—>saq processes foN.=3, evaluated au;=m, (first row) andm,/2, whereu; is the “factorization
scale” (an_flo are in units of 10%). We takeq2=m§/2 in determining the imaginary parts.

a a, as ay as g az ag Qg 10
1.046 +0.024 72 —383—-121i —27 —435-121i —-0.9-2.7 3.3-0.9 —-93.9-2.7 0.3-0.9
1.059 —0.048 96 —396—120 —54 —514-120 —-0.5-2.7 4.0-0.9 —-93.2-2.7 3.6-0.9
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TABLE II. Form factors at zero momentum transfer in the BSW mdd#] and in the LC sum rule
calculationg 11]. The values given in the square brackets are obtained in the LC sum rule analysis.

Decay F1: Fo \Y Al A2 AO

B— 0.333[0.305]
B—K 0.379[0.341]

B—p 0.329[0.339 0.283[0.261] 0.283[0.223 0.281[0.372
B—K* 0.369[0.458 0.328[0.337 0.331[0.203 0.321[0.47Q
VEVip=— (VEVep+ Vi Vi) = + (N |[Vep| = | Vasle ), shown[5] that the three observetim modes can be suitably
2. close to each other and the data are thus accommopsted
Note addedl
ViVip=— (VEV et VEV i) = — (|Vep| M| Vysle ) The 7" 7~ mode then presents a challenge. It is color

allowed and should b&-dominant, and easier to see experi-
mentally than the recently measur& —p°#* and B°
—p~ 7" modes[3]. However, it is not yet observesee
Note addedl Without resorting to a smalN.;~1 or large
final state rescattering phases, it was pointed out that sup-
" . ression of ther* 7~ mode can be elegantly achieved if
ways hence the real parts detb andVisVy, are opposite EOS'y<O, which would enhance the®7" mode (and even

in sign. Thus,not only T-P interference forH:uud and b ,5re so ifm, + my is on the lighter sideand suppress™ 7~

—uus processes depend on the signcosy, the interfer- 7], If the AB~?(g?=m?) form factor is larger than in BSW

ence effect is opposite bgt\éveen the two type of processes  model [12], it could further help explain the strength of
when constructive il " 7~ for cosy<<0, it is destructive in 0-+-15x10°° and the smallness of the ratio

7"~ , which is precisely what is needed to explain data. = p0mt =2.3+1.3[3].
Such phenomena are of fundamental nature, and offer
window on the phase anglg but it can be obscured by long
distance effects such as™ 7~ — 7°#° [7,14] rescattering.
However, the nonobservation Bf—~ KK mode indicates that
inelastic rescattering is not sizable, while absencer®d#®
mode suggests that the smallnessmof#~ is not due to

E_|Vcb|! (2'6)

where KM unitarity, implicit in Eq.(2.1), has been used, and
the last step foN,Vy,=—|Vy| is accurate to less than 2%.
Since|V,,/V¢p/=0.08, one finds\ — |V, /Vp|cosy>0 al-

4 The newly measure* * 7~ mode is also color allowed
and insensitive tNg, while theF?*’T(mi*) form factor is
constrained byB—Ka, K*¢°, 77 and the semileptonic
B— m(p)l v data. The factorization approach gives too low a
value of K* * 7~ <0.7x 10 ° [7] for y~60°—70°. Choos-

+ - 0_0 . . ing a largery such as~120°, howeverK* * 7~ can easily
mm —mm rescatteringsee Note addddAs discussed reach 1.X10°° or more[7] and becomes more consistent

in Ref. [5] for K= modes, a rescattering phase of 60° or_.
] i > L with data.
more is needed before appreciable deviations from our re- . . .
The above observations are largely insensitivélig. In

sults would set in. The only exception against factorization isRef [7] BSW form factors were used. In fact, the form fac-

+ + 0 __ —5 i ;
Ex ;)r?mea;tal 1£>r§filr(r)nati52|1%,sevéhﬁztgvz d%aqr:j ﬁ]nlilh:/%teg)r: tors from light-cone sum rulgsl1] seem to give a better fit
P toB— PP, PV data, since théd, form factor is larger while

time, we note that factorizaton is more likely to work in the : .
N¢ insensitive modes such as the ones studied here. That i|'§o,1 form factors are slightly lower than in BSW model. We
ist the relevant form factor values at zero momentum trans-

a 20—-30% change in N should have little impact. We .
. . - L fer for both BSW model and LC sum rules in Table Il. The
note in passing that some recent work in applications of per-> dependence of the LC sum rule results can be referred to

. . . _ q
Eg:gﬂ;&i%ﬁiéﬁfgecws are beginning to reveal how fac [11]. Note that hadronic charmle&— PP andVP are in-

sensitive to the? dependence of form factors because of the
smallness ofg? in the factorization approach. However, if
F?~P(g?) has dipoleq? dependence, th&* * 7~ rate can

It wasB— PP, PV data thainspiredthe observation that be enhanced by 12% becaus&=m;, is no longer negli-
factorization does work and hinted at cgs0 in Nature. The  gible.
starting point was thé& s modes. Ignoring the electroweak At this point we caution that form factor models typically
penguin (EWP) amplitude, one typically expects do not have good reference to the factorization sgal¢hat
K* 7% K* 7~ ~(1/42)?, where the factor of 4/2 comes entersaie”. Thus, until one has a more complete model of
from the 7° isospin wave function, and the ratio is almost how factorization works, one should bear in mind the uncer-
independent ofy. The data, however, suggest that 7% is  tainties in aiEsz that may follow from changingu;=m, to
as large ak "7~ [1,3], which imply that EWP may be my/2, as reflected in Table I. In the complete theory, there
important[5,6]. Choosing largemg to suppress strong pen- should again be nqu; dependence. We note that some
guin ag contribution, andy in the range 0of90°—130° to  progress has been made recently in providing a QCD basis
enhance K7~ and K" 70 with respect tok®# ™", it was  for why and how factorization workglL7].

Ill. COMPARISON OF B—PP, PV MODES WITH DATA
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FIG. 2. (a) Solid, dash, dotdash and dots ®K* 7, Ko7+,
K* 79 and K°#°, for my=105 (upper curvesand 200 MeV;(b)
solid, dash and dots foB—=7*7w~, 7" #° and 7w°#° for my
=2m,=3 and 6.4 MeV, where the lowefuppe) curves aty
=180° for vt~ (w°#%) are for lowerm,+my. In all figures

0
0°  90°

[Vub/Vepl=0.08, Brs are in units of 10°, and light cone sum rule

form factors are used.

The results using BSW form factors have been given in

[7]. Here, for comparison we use LC sum r@leCSR) form

factors and plot the results versyan Figs. 2, 3 and 4. The

K7 and w7 modes fit data rather well, except” 7~
>K* 7% is expected[see Note addddif one picks m;
~100 MeV. As emphasized ifi7], a larger value ofAS”
(which is realized in the LCSR approachkvould pull up the
pPmt and w7 rates. Havingp’w*>w%7* which is

PHYSICAL REVIEW D61 073014

IV. ANALYSIS OF y-DEPENDENCE OF FURTHER
MODES

A. B—pp and pw modes

B—VV amplitudes are independent of light quark
masses. The modes p~, p™p° andp™ w® are all of order
10°° with p*p~ being the largest. One expects
ptp Iptwl~(1/\2)? where 142 comes from thes? iso-
spin wave function. The-dependence of*p~ andp* w®
rates is dominated by the interference term
xRe(ViVpay) X Re(ViVipas). In contrast, the p*p°
mode is far less sensitive tp sincea, is replaced by 84/2
whereaq is ~4 times smaller thaa,. In any case, all three
modes get suppressed for ges0, as shown in Fig. 5. For
the currently favored value of~60°—70° [8], one expects
ptp iptplipt 0°=3.1:1.7:1.7(roughly X 107°), but if vy
is larger than 90°, say-~120°, it becomes 2.5:1.6:1.2,
reaching down to 2.3:1.5:1.0 ag~180°. Thus, finding
pTw<p*p® would support coy<0, similar to wmr"
<p%r*. The branching ratios imply that these modes could
be observed soon. Howeves; p~— 7+ #%7~ #° has two
#%’s in the final state and would be harder to detect than the
other two modes, whilp* w® is expected to have the least
background.

To study model dependence, we have also used form fac-
tor values from BSW mod€l12] as input parameters. We

hinted by data would still prefep=90°. Because of a lower find that the ratios do not change much, but the overall scale

F2X, the Br of ¢°K™* drops to 0.5 10~ %, which again fits

better the experimental upper limit of 0.840 ° [3]. The

p= ™ rate is now lower becau®®— p* 7~ amplitude de-

can become smaller by 40%.
The acps are dominated by InV(4V,p)a: Re(VigVip)
times Im(@,), 2 Im(a,) and Im(3ag/2) terms forp™p~,

pends onF2™ only, while B®—p~ 7" is enhanced by a p*°andp”p? respectively. As seen from Fig. 5, thgps

larger AE” analogous top®w*. For y=120°-150° and
lighter mg+m,, p=7" ~3x10° andp®w*, K* "7 ~1

for ptp~, pTw® could be as large as 7%, —16%, re-
spectively, for y=90°—130°, while for p*p° it is very

X1075. These values are lower than but within range ofsmall since the strong P contribution is forbidden by isospin.

recent CLEO observatiori8].

The acps are smaller fory~60°—70°.

Because the form factors from LC sum rule calculations

fit data better, we adopt the LCSR form factors in subsequent B

analysis of further modes. We stress that this is only for Tree-penguin interference fé* *p andp* p modes dif-

numerical expedience. One should not take LC sum rulger in sign because the KM factors R&[V.,)=AN3(1

form factors as more secure since it is based just on anotherp) and ReW}.V;,)=—A\N? have opposite sign, quite

dynamical computation. analogous to the case Bf' 7% vs 7" 7~ [7]. Thus, while
pTp~ andp’ w® are suppressed for cs0, K* T p modes
are enhanced. Furthermore, the impact of EWPKgp°
modes is more prominent than on tKer® [5] andK* 7° [7]

. B—=K*p modes and the electroweak penguin amplitude

3. - - - modes which have similar amplitude structure.
. F (o) Let us show how the latter comes about. For
2 F 1 Kt 7%K* 7™, we have
1 ]
[aa] s 2
=N SR V| . 3
@ A e "Ya,+ -a
= Kta® 1 Vep 27 2%
0 L 1 L —+ ~ — l+ rO
0° 90° 180° 270° 360° Ko™ 2 ubl i,
— e a;tastagRy
4 4 Veb
FIG. 3. Formy=2m,=3 and 6.4 MeV/a) solid, dash, dotdash 0.65, my=105 MeV
and dots foron*, p%7", ¢°K* and w®K*; (b) solid, short- ~ O(1), m, large (4.7
dotdash, long-dotdash, dash and dotsHesp* 7, p*#° p 7", ' s '
pP7t andp®w°. The upper curves at=180° are for lowem, and
my . where the factor of 1/2 is from the® isospin wave function,
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FIG. 4. (a) Solid, dash, dotdash and dots fB—K**7~,
K*O7z", K** 7% and K*%#°, which are insensitive tang. (b)
Solid, dash, dotdash and dots forK ™, p*K® p°K™ and p°K°,
for m¢=105 and 200 MeV. The uppetlower) curves for
pK® (pK™) at y=180° are for lowem;.

ro="f,For/IfcF8™=0.9 in both LCSR and BSW models,
and light quark masses enter througR4=2m§/(mb
—my)(ms+m,). Although at presenfl] K™ 79K+ 7~ ~1
seems to favof5] largem, to suppress the penguig term,
for more sensiblemy<200 MeV values,K* #° is always
visibly less tharK* 7~ [7], as can be seen in Fig(&.

For K* " 70/K* * 77, the ag term is absent, but tha,
and EWP ay terms are modulated by the factar,

= ASX/f«FE7=0.9 (0.6) in LCSR(BSW) model, and

)\vub o +3 2
K*+ﬂ_o~£ . Vcbe a1 589
K*_"’iT_N2 1 ub i
Av—be"7a1+a4
Cc

~0.7 (0.6) in LCSR(BSW), (4.2
as can be seen from Fig(al.

For K* *p%/K**p~, r, is replaced by a more compli-
cated ratio ofp and K* decay constants anB—V form
factors, and

2

Vup i
L N PN
K**p0 1 A V|8 2t o
K*+p_ 2 ub —iy
V., © a;+ay
Cc

sincer,=1.2 (=1.1 for BSW form factorsturns out to be

PHYSICAL REVIEW@1 073014
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FIG. 6. Brs andacps vs y where solid, dash, dotdash and dots
are forK* "p~, K**p% K*% " andK*°p°, respectively. Setting
the EWP termag=0 lowers (raise$ the K* " p°® (K*%p%) rate,
while the upperacp curve forK* *p® becomes very close to the
K**p~ case.

Thus, the EWP effect is most prominent in the* #
modeswhich enhances the ratk6* " p%/K* *p~ to be close
to 1. It also suppresses the °p° mode. To illustrate this we
show in Fig. 6 both the cases of keepiagand withag set
to 0. Thus, we see théte EWP effect is able to enhance the
K**p0 rate by a factor of 2In comparison, the EWP effect
in K" 70 is diluted by the additional strong penguin contri-
bution fromag, while for K* * 70/K* * 7~ it is subdued by
the form factor ratia ;. If r, is even larger than LCSR case,
thenK* " 79 K* "7~ could be closer to 1. We note that the
rate difference betweel* p° andK* »° (which we discuss
below) modes is also mainly due to the EWP contribution.

We find that, fory~60°—70° one ha¥*%p*=K* *p°
~K*Tp >K*%0 but for cosy<0 it becomesK* *p~
=K* T p0>K*0p*>K*%C The acps of K**p~ and
K**p° modes are sizable and have opposite sigp tp "~
andp® »® modes. Fory~65° they could be as large as 30%
and 18% respectively, but are of order 15% or 10% for
~120°.

C. B—=K*w and K* ¢ modes

The sign of T-P interference inK* *»° and K* *p°
modes are rather similar under factorization. Thus, the
K* * O rates are also enhanced in the region of a8, as
can be seen in Fig. 7. Th€*%w° rate is insensitive toy
because its tree contribution is color suppressed. Thus, the
K**° rate can be 1.5-2.5 times larger thKi%»° for
cosy<0, while K* "w<K*%° for y~60°-70°. Since
T/P is of order 20—30 %, direcicp for K* * »° could reach

larger thanr,. Again, absolute rates are sensitive to form40% for y~60°-70°, and could still be 20% even for

factor models, but ratios in general are not.

4- T T T 02 . . i
3.k E =
g3 g o1f E
S E <
QU F- e Y
T 2 it NNl T 0 N
o [} .
E 1. : """" : ‘§ -01 . 1
0 L L 1 ~0.2 ! ) |
0° 90° 180° 270° 360° 0° 90° 180° 270° 360°

Y Y

FIG. 5. Brs andacps vs y where solid, dash and dots are for
pTp~, ptp®andp’ w® respectively.

~120°.

1.5 T T T 05
s
X 3
P T ] s
IR it oo X
& T 0
T @,
© S
= ©
o
-0.5

360°

270°

90° 180°

Y

180° 270° 360° 0°

Y

90°

FIG. 7. Brs andacps vs y where solid, dash, dotdash and dots
are for K* w0 K*940 K** 0 and K*%¢°, respectively. The
acps of K* ¢, not shown here, are consistent with zero.

073014-5



WEI-SHU HOU AND KWEI-CHOU YANG PHYSICAL REVIEW D61 073014

0.15 e .
0'5 T T T 7] Is
= = N2 3 N _ (b) -
< 5 g e OTENC TN S
1 T o X 1 N N/
Q @ 1 QoosE /N N
o 5 Q s YA AN
< I ~ k / N
p -05F : ; ; 0 1 i L
0°  90° 180° 270° 360° 0° 90° 180° 270° 360° 0° 90° 180° 270° 360° 0° 90° 180° 270° 360°
Y Y Y Y
FIG. 8. Brs andacps vs y where solid and dash are fé* * 5 FIG. 9. Brs vsy where(a) solid, dash, dotdash and dots are for

andK* %7, respectively, form,=105 and 200 MeV. Upper curves K 7, K%’]:O K** 71; agld K*%7', respectively;(b) solid and dash
for Brs are form,=105 MeV while foracps the sharper curve is are fork"w” andK™ w”, respectively. The uppetower) curves for
for me=200 MeV. K7 andK°w® at y=180° are forms=105 (200) MeV, while for

K* 7' andK ' o it is the reverse.

0 i s oo
The K*¢” modes arise from the pure penguir-sss by 509, or more sincdg" seems to be largéi7] thanF 2P,

process and have very weakdependencéFig. 7). Though .9 indicated by the strength of th@z* mode.
not useful for extracting, they give a more direct test of the

factorization hypothesis. In the standard modeldhgs are .

practically zero and any measurement.0% would likely E. Various suppressed modes

be an indication for new physid48]. The p°0°, p°w°®, andw®w® modes are color suppressed

and dominated by penguin contributions which have oppo-

D. B—K* 5 modes site sign compared tp*p % andp* w® case. The rates are

enhanced for cop<0 but are, however, only of order 10.

The p°¢°, p* ¢° and w°¢° modes are pure penguin pro-

cesses with amplitudes=V{V[az+as—(a;+ag)/2].

a'Fheir rates are too smal~10 %) to be measurable soon,

As pointed out in Ref[7], having cosy<0 could explain
the observed splitting oK * 7' >K%’, although theK 7’
modes seem to have a large singlet contribution, such
coming from the anomaly19]. Even assumingNgsx(LL) . .
=2# Ngi(LR) =5 [14] and lowm, values, the rates fall 30— and the'rfc'fs are practically zero.

40 % short of observed, while foi.s=3 one can only ac-  1heK”#’ modes are suppressed becatfse-0, as can

count for less than half the observed rate. Since we do ndl€ seen from Eq(4.4). Likewise, K7 modes are also sup-

know how to take the anomaly effect into proper account foPressed. TheBrs are given in Fig. 9. We see thit* '
exclusive modes, we shall not plot the results here. <1.5x10°°, and for cosy<0 the K™ 7 rate is suppressed,

The K* 7 modes, however, should be less susceptible téeading to K*»=K°7=10"° These suppressed modes
the anomaly effect, and with T/P structure similarkd°  should be compared with th€#" modes, which are already
[7]. Ignoring the extra anomaly term and omitting an overallobserved and are the largest exclusive rare hadronic decays,
factor of V2Grmy« e« - Pg, one has and theK* » modes, which have some chance of being ob-

served in the near future.
s The K* »® mode is reported at the rather sizable level of

(fkeF1t+ 1 )Ao)ay 1.5x107° [2], in strong conflict with the rather suppressed
factorization expectatiofsee Note addgddThis is also illus-
trated in Fig. 9 together witk°w®, which has lower recon-

' struction efficiency. Th& «° rates are also very sensitive to
mg, but we do not see any way to enhance them within
factorization approach.

M + ()= M x 0,1+ ViVipf ke Faas, (4.9 In general, when modes are suppressed because of cancel-

lation of different contributions such as the modes shown in
, ) 5, 2 Fig. 9, one is not only sensitive to form factors and long
where QU)= —m e/ (Mptmgmg, Fi=F77 (M), Ao distance effects, but also sensitive to actual values of short
=ASK*(mf](,)) and we have dropped terms that are muchdistance coefficients.

smaller than those shown. Numerically we usg, f5

=78, 112 MeV, andf’,, f =63, 137 MeV[14]. They

dependence foK* %7 mode is weak because the tree contri-  The B—VV decay rates are quite sensitive to the chosen
bution is color suppressed. F&™* ©» one has constructive form factor model, but the relative sizesBfs andacps are

T—P interference for cog<<0 henceK* " »>K*%; while  not. We find that BSW model form factors lead to 40% or so

K** »p=<K*%y for y~60°—70°. As shown in Fig. 8, the smallerBrs compared to using LC sum rule form factors.

rates depend strongly omg, the strange quark mass. We But all Brs could easily be larger than shown here by 50% or

find K* * 9/K*%»~1.5 for mg=105 MeV, but may be en- more if B—V form factors are in general largef] thanB
hanced to 2.2 foms=200 MeV. The rates could be larger — P form factors, as indicated by the strength of gfer*

u
M K* on(’)Evstubf 77(r)A\Oa.z_ VfSth

u S
—(f,0=F,0)A0

@) 1
agQ" '— 539

V. DISCUSSION AND CONCLUSION
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mode [3]. We of course have not exhausted variations intering, hence the level of breakdown of factorization. We
form factor models. Furthermore, the need for form factorcannot account for the observed laigé w®~1.5x 10 ° in
models arises under factorization. A more fundamental apfactorization approach, and await further updates with full
proach for calculating hadronic matrix elements should inCLEO Il and 1.V dataset$see Note addgd
principle bypass the issue of form factors. Our main results In conclusion, we have studied thedependence of had-
are insensitive tdNg# 3. ForNgz<3, thep™p® andp™ w® ronic rare B decays to PP, PV, VV aid » modes within
modes are enhanced and become closgitp~. For Ng;  the factorization approach. We find that light cone sum rule
=2, the p®p® and w’»w® modes become one order of mag- form factors give better fit t8 —PP, PV data. Thept w°,
nitude larger, but still below 1CF. p p% K**p® andK*)* ¢° and perhaps th&* *w° and
Subsequent to Ref.7], the observation op~=#* and K*+7] modes, should be observable with the full CLEO Il
K** 7~ modes[3] were reported, which offer further sup- and ILV datasets. Whether the sizablep™ and K* "p~
port for the factorization and cos<0 hypotheses. We be- modes can be observed depends crucially on the background
lieve that them ™ m~, 7+ #° p*a® wlm®, K**#° and level, while the clean modes d€*)°¢° are probably bor-
K*O7* modes, all discussed in Ref7], would likely ~derline because of statistics. THe %°, K*°w® andK*°7
emerge with full CLEO Il and Il.V datasetfsee Note  modes are likely too low to be seen with”1BBs. Finding
added. The K*)°7% modes are borderline, thek modes p*w<pp®, K** p O>K*Op* K*+tw0>K*%%° and
unlikely, while 7%7° and p°#° modes should not be seen K**5>K*%» would support cog<0. The EWP effect
soon if factorization is correct. But what are the modes disshould be most prominent iK* *p® mode as compared to
cussed here that are promising for detection in the near fuK*)* 79 leading to a factor of two enhancement in rate,
ture? As mentioned in Ref7], the theoretical computation and observation ok* * p°=K* *p~ would give strong evi-

of VV and ") modes are less trustworthy even under fac-dence for the electroweak penguin amplitude. The weakly
torization assumption, as they depend on vector form factorg-dependent pure penguin proceskes) ¢° can be used as

or »\') decay constants. We give a discussion nevertheless2 direct test of ﬂle gactorization hypothesis. If larggp is
Since helicity angle methodéboostednt, K+ or 70  measured irK®*)*¢° modes, then new physics would be

along parentp*© or K**+° momenturh seem promising ImpPlied. S
from observedp™ 7™ reconstructior{3], the mode* * p° The rareB— V'V modes should also be studied with vigor.

and p*p° with p°— 77~ can probably be reconstructed Note added Upon completion of this paper, CLEO an-
above background. It is less clear whether this is the case fgtoUnced(20] new ref,ulfs at the summer conferences. The
ptp~ andK**p~. TheK*%* mode is at best borderline 0n9 SOUQQt;aﬁerW 7 mode is found at (0.47y715
even without considering background, whHef 0~ 106 +0.13)x 10 >, The oK' mode has disappeared under the
is unlikely to be observed soon. 90% upper limit of<0.8x 10 ®, in strong contrast to the

The reconstruction of two body modes containingah ~ Published value of (1.5)¢+0.2)x107° [2]. At the same
has been showf?] to be of low background and with effi- time, the previously unmeasuredz" mode is now mea-
ciency better tham’ modes. Assuming that tH&—V form  sured at (1.£0.3+0.1)x10"°. The K*7~ mode is also
factorsA, , andV are similarly enhanced a&,, thep*w®  updated to (1.883%3+0.06)x10°° and now larger than
and perhaps th&* " w® modes could be observed soon, K*°, while the surprising strength of th€®7° mode sug-
while K*w? is at best borderline. The fout™*)¢° modes  gest thatm, could be even lighter. All these new results are
should also suffer little from background. TKe& ¢° modes in better agreement with the discussions presented in this
could be split abové&k ¢° modes ifB—K* form factors are  paper. There is no indication of breakdown of factorization
enhanced oveB— K. At the 0.5<10 ° level, theK " ¢° and  in rare B decays so far, so long as one takes £a§. We
K**¢° modes are likely to appear soon, whk€¢® and  note that the rather small value fer" 7~ mode, together
K*%¢° modes suffer from detection efficiency and may bewith the strength op 7 modes, make other explanations such
borderline. Thek* * 7 mode could emerge AEK" is large, ~ as a smallefV,,,| implausible.
but K* % is probably borderline. These modes should again
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