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New data from the BaBar, Belle, and CLEO CollaborationsBattecays to two-body charmless final states
are analyzed, with the following consequenc@s. The penguin amplitude which dominates the deBdy
—"K*% has a magnitude similar to that dominatiBg — 7 K°. (2) The decayB*— =" %, a good candi-
date for observing diredE P violation, should be detectable at present levels of sensiti@yThe decays
B"—7'K" andB"— »K* " are sufficiently similar in rate to the corresponding decB{s-»'K® and B°
— nK*0, respectively, that one cannot yet infer the need for “tree” amplitudesontributing to theB* but
not theB® decays. Statistical requirements for observing this and other examples of tree-penguin interference
are given(4) Whereas th&* — 7'K* andB’— 'K rates cannot be accounted for by the penguin amplitude
p’ alone but require an additional flavor-singlet penguin contribusigmo such flavor-singlet penguin con-
tribution is yet called for in the decayB'— zK** or B%— #K*°. Predictions for the rates foB*
—7'K* " andB%— 'K*? are given which would allow one to gauge the importance of these flavor-singlet
penguin amplitudes.
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I. INTRODUCTION proposed as good candidates for detecting digetviola-
tion. Present data samples are approaching the sensitivity for
The decays oB mesons are rich sources of information observing these modes, whose branching ratios are expected
on fundamental aspects of weak couplings as described By be a few parts in 0 We update estimates for the branch-
the Cabibbo-Kobayashi-Maskaw@KM) matrix, and on po- ing ratio for these decays and indicate the possible range of
tential effects of physics beyond the standard model. Espdikely direct CP asymmetries.
cially useful information can be obtained froBidecays to (3) It has been suggested by several sets of autfses,
pairs of light charmless mesons, both pseudosa@amnd €9 Refs.[1,5-7) that the decayB™—»'K" and B”
vector (V). A number of questions can now be addressed= 7K* " mlgf01t be erBhancedOth respect to the correspond-
more incisively in the light of recent data from the CLEO, INg decaysB”— »'K™ and B"— 7K*", respectively, as a
BaBar, and Belle detectors. In the present paper we shafionsequence of constructive interference between tree and

discuss several of these, showing that progress is being ma Stngtuéjn ?mp“éusej'txvi :re]ylew th:s ;uggestlt)tn mtllght of tthz
and setting goals of data samples for more definitive an2est data and find that this conciusion IS not yet warranted.
e . ; . We indicate the statistical precision that is likely to be
swers. We limit our discussion to a few topics. . ! O L
(1) Recent measurements of the branching ratioBor needed in order to estapllsh tree-penguin interference in this
%0 o . : " and other processes reliably. FBF ° decays to charmless
—a K*Y indicate that the penguin amplitude dominating

his d h itud h ller than th nonstrange final states such interference involves the product
this decay has a magnitude not too much smater than that Vosa coss, while for decays to charmless strange final states
the penguin amplitude dominatirg)™ — 7" K. We use this

_ _ ’ k it involves cosycosd, wherea andy are weak phases of the
information, as well as new information on the dec&®s pjtarity triangle, whiles is a relative strong phase between
—K(p,w,¢), to discuss several open questions associateftee and penguin amplitudes.
with penguin contributions t8 - PV decays. These include (4) |_|pk|n [2] has argued for the enhancement of the de-
a conjectured relation between two types of penguin amplicaysB— 5'K andB— #K* as a result of constructive inter-
tudes calledp;, and py, in Ref. [1] in which the spectator ference between nonstrange and strange quark components
quark is incorporated into a pseudoscalar or a vector mesonf the ' or 5, and for the suppression of the decays
respectively. Arguments first proposed by LipkR] suggest — »K andB— 7’'K* because of correspondingly destructive
that such amplitudes would be equal and opposite. The connterference. However, an additional amplitude associated
tribution of electroweak penguin diagrams in suppressing thevith the flavor-singlet part of they and »’ is both allowed
decaysB—K(w, ®) is also noted. [4] and required for the proper description of tBe- 'K
(2) In Refs.[3] and[4], the decay8* —x*(%,n') were  decay rateg8]. The status of this amplitude, called, is
reviewed. It is pointed out that it does not need to be as large
as the penguin amplitud® in order to explain the data if it
*Email address: chengwei@hep.uchicago.edu interferes constructively witlp’. At present, while no such
"Email address: rosner@hep.uchicago.edu singlet contribution is needed to explain the data Bn
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— nK*, the flavor-singlet component of is small. A much TABLE I. Hierarchies among magnitudes of flavor-SU(3) am-
more incisive test would be available once the decBys Pplitudes in powers of a parameter=|V, =0.22.

— n'K* (both charged and neutjadre available, since the
penguin contributions of nonstrange and strange quarks in O(1) o) O(\?%) on%) oY
the »’ partially cangel one another, V\.lhi.|e the flavor-singlet y 5_ T C.P E,A,Pey PAPS, PAcw
component of they’ is dominant. Predictions for these rates

: t c,p ea,s pa
are given.
We discuss our notation in Sec. Il. Experimental dataJAS|=1 P’ T',P;, C',PA,PLS E’'.A",PAL,
their averages, and the corresponding inputs to our determi- p’ t',c.s pa’ e',a’

nation of amplitudes are treated in Sec. Ill. We then discus
the above four questions in turn: penguin contributions in

B—PV decays (Sec. I\V), direct CP violation in B  porating the spectator quark. Although oBe-VV decay
—m"(n,n'") (Sec. V), tree-penguin interferencSec. V),  (B°— ¢K*°) has been seen, we shall not discuss such pro-
and the role of the flavor-singlet amplitud€ec. VI). We  cesses further here.

summarize in Sec. VIIl. An Appendix contains details of  For theb—d andb— uud transitions, an educated guess

decay constant calculations. of the hierarchies among the amplitudg0] is given in
Table I. One notices that fgA S| =1 transitionsc’ contains
Il. NOTATION an electroweak penguin amplitude at the next order. There-

fore, we putc’ together witht” at the same order. Similarly,

We use the following quark content and phase CONVeNgince part of the singlet amplitude is the electroweak pen-

tons: 0 T BT — — guin, s’ is at least of ordePgy,.
Bottom mesonsB°=db, B°=bd, B"=ub, B"=—bu,
B,=sb, Bs=Dbs.

IIl. AMPLITUDE DECOMPOSITIONS AND

O0— _~1; DO—i/~ +_n~d -
Charmed mesonsD”=—cu, D”=uc, D"=cd, D EXPERIMENTAL RATES

=dc, D =cs, D, =sc.
Pseudoscalar mesons " =ud, 7°=(dd—uu)/\2, 7
=—du, K"=us, K’=ds, K’=sd, K'=—su, n=(ss

We list theoretical predictions and averaged experimental
data for interesting charmles® decays involvingAS=0
transitions in Table Il and those involvinghS|=1 transi-

—uu—dd)/\3, 7' =(uu+dd+2s9/\6. __ tions in Table lll. Amplitudes of ordeih? and smaller in
Vector mesonsp” =ud, p°=(dd—uu)/y2, p-=—du,  Table | are omitted unless dominant. Detailed experimental

w=(uu+dd)/\2, K**=us, K*O=ds, K*°=sd, K* "=  values are listed in Tables IV and V. We will assuiiig

—su, ¢=s§ pv=—pp andp,,= — pp . The averaged rates are obtained by

In the present approximation there are seven types of incombining the data recently reported from CLEO, BaBar,
dependent amplitudes: a “tree” contributiop a “color-  and Belle group$13—-33. In this section we shall comment
suppressed” contributiort; a “penguin” contributionp; a  On some of the methods used to determine the invariant am-

plitudes, deferring discussions of others to subsequent sec-
tions.

In Table Il the values oft|=|T|=2.7=0.6 and|p|=|P]|
=0.72+0.14 for thew* 7~ decay mode are based on the
detailed analysis in Ref33]. Here amplitudes are defined
such that their squares gi\B® branching ratios in units of
10" 6. In estimatingB(B*— 7" 7% from T, we take into

P ; + 0

t=T+PC,. c=C+Pgry, account the lifetime difference betweeB™ and B,
EwW EW g+ / Tgo=1.068+0.016 [34], and assume a constructively
interfering amplitudec=0.1t. The branching ratio thus com-

“singlet penguin” contributions, in which a color-singlet|q
pair produced by two or more gluons or by ar y forms an
SU(3) singlet state; an “exchange” contributia) an “anni-
hilation” contribution a, and a “penguin annihilation” con-
tribution pa. These amplitudes contain both the leading-
order and electroweak penguin contributions:

pP=P- iPEw, S=S—3iPew, (1) puted is=4.7x 10" ®, consistent with the averaged data. The
penguin contribution td3(B*—K"K®) is then about 0.55
a=A, e+pa=E+PA, x 1078,

The magnitude ofp’|? can be directly obtained from the
where the capital letters denote the leading-order contribuz*K° decay mode to have a central vatud 7.2. This result
tions [4,9,10 while Pg\, and P¢,y are, respectively, color- is used to compute|p|? using the relation |p/p’|?
favored and color-suppressed electroweak penguin ampli=|V,,/V,|?=0.032, giving the number quoted above from
tudes[10]. We shall neglect smaller terni1,12 Pg,, and  Ref. [33]. Here the bounds 0.86|V,q/\V,|=|1—p—i7|
Péw [(y,Z2)-exchange and +,Z)-direct-channel elec- =0.96 on parameters of the CKM matrix are taken from the
troweak penguin amplitudéswe shall denoteAS=0 tran-  analysis of Ref[35].

sitions by unprimed quantities arfdS|=1 transitions by The contributions oft’|? are estimated using the relation
primed quantities. FoPV decay modes, the subscrporV  [t'/t|2=|V s/Vydl?| fc /f,|?=0.076. We use [36] f,
denotes the final-state mes@seudoscalar or vecfoincor- =130.7 MeV, f,=159.8 MeV, V,=0.2205, andV 4=
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TABLE II. Summary of predicted contributions to selecte8=0 decays oB mesons. Branching ratios] are quoted in units of 1.
Numbers in italics are assumed inputs. Experimental values are averaged over results [h3R&E.

Mode Amplitudes [t(+c)|? Ip|? [s|22 |s|? P Expt.
B*—mta® _i(HC) 4.7 0 0 0 5715
2
K+ KO p 0 0.55 0 0 <24
Ty _i(t+c+2p+s) 3.1 0.73 0.04 0.18 <5.7
V3
- L trcr2p+as) 1.6 0.37 0.35 1.4 <7
J6
S P 7.9 0.78 0 0 12836
V2
1
T — (ty+Cp+pp+ py+2sp) 7.9¢ =0 ~0.01¢ - 7.9t1.8
2
ot Sp 0 0 0.02 - <1.4
BO—mwtm —(t+p) 7.3 0.51 0 0 4.409
1
w070 - (c— 0.04 0.26 0 0 <5.7
ﬁ( p)
K*K~ —(e+pa) 0 0 0 0 <1.9
T —(tv.p)+Pv.py) 14.7¢ 0.36f 0 0 25.8:4.59
7w 3(Cp—Cy+Pp+py+2sp) - =0 <0.01¢ - <3

8Assuming constructive interference betwegrandp’ in B— 'K (Table IlI).

PAssuming no interference betweshandp’ in B— 'K (Table IlI).

°Neglecting other contributions to decay rate.

d(cp+2sp)/\/2 contributes a ternd Pgyp/+/2 to amplitude.

¥ty|2=14.7+ 3.3 contribution taB(B°— 7" p~) estimated fronB™ — 7+ w, neglectingcp andsp, leaving|tp|?=11.1+ 5.6 contributing to
B(B°— 7w pt).

flpp|? contribution toB(B°— 7~ p*) and|py|? contribution toB(B°— 7" p~).

9Combined branching ratio for"p~ and7 p*.

—V2J2. It should be noted that the lifetime difference has toguin contribution inB*— ¥ p° and averaged its branching
be taken into account when going frdf to B* decays. For  ratio with that ofB" — 7" w we would have obtained instead
|AS|=1 decays, the presence of a substantial electroweal8.8=1.6)x 10" °, not very differenf We shall return to the
penguin contribution inc’ means that one cannot simply Possibility of a measurable difference between the° and
takec’/t'=0.1 as in theAS=0 decays, but must consider 7 @ modes in Sec. VI.
the relative magnitude and weak phase of the electroweak The inferred|t,|? contribution to B(B®—m"p~) (ne-
penguin and tree terms, as in Rdf2,37). Predictions of the  glectingcp) is (14.7£3.3)x 10°°, or approximately half of
branching ratios forrK modes other tham " K° depend on  B(B%—mp™)=(25.8+4.5)x 10" °. This leaves a contribu-
both CKM phases and on final-state phases, which are néion of B(B°— 7~ p*)=(11.1=5.6)x10"° to be supplied
yet measured but are likely to be smg88]. Extraction of by |tp|?, if we neglect penguin contributions. A value|of|®
CKM phases from therK modes is a rich area which we do comparable tdty|?, but with large errors, thus is allowed by
not address in the present paper. present data. A better measurement E(B0—> T pF) is
Two new measurements of the™p® and 7#*p* decay needed to reduce the uncertainty. The magnitudg o§ of
modes are reported in Reffl9]. The measurement in the particular interest because of the possibility that the smaller
latter mode does not distinguish between the two final state$AS|=1 amplitudety, related totp by flavor SU3), could
while the former contains a possible penguin contribution. Ifcontribute to a rate difference betweBi — 7K* * and B®
we assumepy=—pp, then A(B* =7 p%)=—(1//2)(ty — 7K*° (Sec. V).
+cp—2pp), While A(B*— 7 w)=(1/1/2)(ty+Cp+25p). We take into account S@3) breaking in estimating, by
Thus, neglecting thep andcp contributions as in Ref.1], noting the meson to which the current gives rise: pseudo-
we may use3(B" — 7" w) to estimate thét,|? contribution,  scalar int{ and vector int;. Thus, we have|t|/t|?
obtaining (7.9-1.8)x10"°. [If we had neglected the pen- =|V,s/V,q|?|fx/f,|> and [th/tp|>=|Vys/Vyd | fis /T |2
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TABLE lIl. Same as Table Il fofAS|=1 decays oB mesons.

Mode Amplitudes It'|2 [p'|? |s’|? @ |s'|? P Expt.
B*—7w'KO p’ 0 17.2 0 0 17.2-2.6
mOK —%(p’-l—t’-i—c’) 0.30 8.6 0 0 12816
N 1
7K —ﬁ(t'+c'+s’) 0.20 0 1.4 5.6 <6.9
n'K* %(3p,+t,+c,+43,) 0.10 25.9 10.9 44.4 757
K0 [ 0 12.2 0 0 12.2-2.4
1
pK** —ﬁ(p":—p\’/-i-t}’:-i-c\’/-i-s\’/) 0.22 16.2 - - 2457.1
TK* Lo " +tl+c! ¢ 0.11 2.0 <35
7 %(pp+2pv+tp+cv+4s\,) . . - -
+ 1 ’ ’ ’ ’
K w E(pv+tv+CP+ZSP) 0.60 6.1 0.24 - <4
K" Pp+Sp 0 12.2 0.48 - 7F1.2
BO— 7 K* —(p’+t) 0.56 16.1 0 0 17315
moKO J_l_(p/_d) 0 8.1 0 0 10.42.6
2
1
7K° ——(c'+s)) 0 0 1.3 5.2 <93
V3
7'K° %(3p,+c,+45,) 0 24.2 10.2 41.6 569
7 K* T —(pp+tp) 0.62 11.4 0 0 23.86.1
1
0 ’ ! ’ !
nK* _ﬁ(pp_pv.;_cv_;_sv) 0 15.2 - - 18.6:3.2
TK*0 1 ’ ’ ' ’ 0 1.9 <24
7 %(pp+2pv+cv+43v) . - -
Ktp~ —(py+tl) 1.13 11.4 0 0 15.84.4
1
0 ’ ’ ’
K o E(pv-|-cp-i-2sp) 0 5.7 0.27F - <13
K% Ph+Sh 0 11.4 0.45 - 7518

3Maximal interference betweem’ ands’ amplitudes assumed: constructive fpK and 7’ K; destructive forK ¢.
®No interference betweep’ ands’ amplitudes assumed.
“(ch+2sp)/\2 contributes a terngPLy o V2= —0.200{/+2 to amplitude.

We estimatef+ /f,=1.04+0.02 using standard kinematic tributed by penguing’) terms, but these are not sufficient.
factors(see the Appendixand branching ratios for—pv.  One must include also singlet penguin contributions, as in-

and 7—K* v, quoted in Ref[36]. troduced in Refs[4] and[8].
Neglectingt’ contributions(to be discussed belgwthe
IV. PENGUIN AND ELECTROWEAK PENGUIN branching ratios ofy’K* and 5’K°® modes should have a
AMPLITUDES ratio roughly equal to the lifetime ratio. Averaging these two

sets of data, we obtaifi(B°— 7'K%) =(65.8+5.2)x 105,

whose central value implies (8/3f|2=10.2 for constructive
The decayB™ — 'K+ andB%— %'K° have quite large interference and 41.6 for no interference betwpémands'.

branching ratios. A large fraction of the amplitudes are con-The corresponding average numbers Bf— »'K* can

A. B—»'K decays
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TABLE IV. Experimental branching ratios of selecta®=0 decays o8B mesons. Branching ratios are quoted in units ofsL0umbers
in parentheses are upper bounds at 90% C.L. References are given in square brackets.

Mode CLEO BaBar Belle
B —ata® 5.6°25+1.7 (<12.7)[14] 5.1°29+0.8 (<9.6) [22] 7.838798 (<13.4)[27]
K*+KPO <5.1[14] -1.3'1%+0.7 (<2.4) [22] <5.0[27]
! 1.2"28(<5.7)[15] - -
mty 1.0°38 (<12) [15] 5.4"32+0.8 (<12) [24] <7[29]
™t p° 10.4"33+2.1[16] 24+8+3 [20] <14.5[31]
o 11.3"33+1.4[16] 6.6°33+0.7[24] <9.4[28]
) - 0.21°333+0.05 (<1.4) [21] -
B—nta 4.3"1%+0.5[14] 4.1+1.0+0.7[22] 5.6°33" 3¢ [27]
070 2271187 (<5.7) [18] - -
KK~ <1.9[14] 0.85'58+0.37 (<2.5) [22] <2.7[27]
mp* 27.6°84+4.2[16] 28.9+ 5.4+ 4.3[26] 20.2"83+3.3 (<35.7)[28]
0 0.8' 59749 (<5.5)[16] —-0.3+1.1+0.3 (<3) [24] -

thus be obtained by the lifetime ratio: e.(B* — 'K™)
=(70.3+5.5)x10 6. Whens' and p’ interfere construc-
tively, one needs a relatively small value £f=0.49’ to

obtain the observed branching ratios.

B. B—K ¢ decays

The branching ratiof3(B" —K ™" ¢) and B(B°—K%¢),
when compared with thpp contributions, suggest a destruc-

The average of the charged and neuBak K¢ modes
B(BT—K'¢)=(7.8£1.0)x10"° and B(B°—K°¢)=(7.3
+0.9)x 10 ® are used to extract,. The result issp/pp=

—0.20=0.11, consistent with the result found in Rél]
(see Table Il thereand with the predictions of Ref39].
However, better measurements of these decay modes and of

to confirm the result.

tively interfering sy . We associate its contribution with the

electroweak penguin component rather than $ieampli-
tude, which would involve a violation of the Okubo-lizuka-

Zweig rule unusual fow and ¢ mesons.

TABLE V. Same as Table IV fofAS|=1 decays oB mesons.

the modeB* — =" K*© providing|pp| would be worthwhile

C. B—»Kw decays

Electroweak penguin terms arise B+~ Kw from ¢y and
s, amplitudes, leading

overall contribution

CLEO

BaBar

Belle

18.2°58+1.6[14]
11,639 15[14]
2.2°2%8 (<6.9)[15]
80" 2%+ 7 [15]
7.6°35+1.6 (<16)[16]
26.4"35+3.3[15]
11.1°3%7 (<35) [15]
3.2°24+0.8 (<7.9) [16]
5.5721+0.6[17]

18.2°33+2.0[22]
10.8"33+1.0[22]

70+8+5 [24]
15.5+ 3.4+ 1.8[25]
22.1" 85+ 3.3 (<33.9) [23]
1.4°13+0.3 (<4) [24]
7.7°15+0.8[21]

13.7: 54 15 [27]
16.3'33 13 [27]

79" 12+ 9 [29]
16.7-34 312531
<49.9[32]
<10.5[28]
11.2°52+1.4[30]

17.2°35+1.2[14]
14.6'27'53[14]
0.0"32(<9.3) [15]
89718+ 9 [15]
22782 [13]
13.8"33+1.6[15]
7.8 17 (<24)[15]
16.0" 5+ 2.8 (<32) [16]
10.0°53+ 1.4 (<21) [16]
5.4"37+0.7 (<12.3) [17]

16.7+1.6-1.3[22]
8.2"31+1.2[22]
42" 13+ 4 [24)
19.8"83+1.7[23]
6.4°35+0.8 (<13) [24]
8.1°31+0.8[21]

19.335" 558 [27]
16.0°£353[27]
557 12+8 [29]
26.0+8.3+3.5[31]
21.2"34+2.0[30,32

15.8' 35 50 [31]

8.9734+1.0[30]
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+3iPLwH\2=—0.20|/\/2 to each amplitude. Thus, as in BB =H+BB )
B—K ¢ decays, the electroweak penguin amplitude reduces B(f)= 5 (6)
the contribution of the dominant penguin amplitude to the

rate by about 30%, and one has the predictions then are found to be

1
B(B*eK*w)zzB(B*HKW‘)) At —0.88sindsina
(™ = 1"088sinssina’
=(3.9+0.5 %108, 2) @)
Art ') —sindsina
1 TN )= 1T oim Scim
B(BO%KOw):EB(BO—)KOQb) 1-sindsina
—(3.7+0.5X10°. 3) B(m" 7)=(4.3x10 °)(1—0.88 cos’ cosa),
()
The former result could be significantly modified by tree- B(m*5')=(3.0x10 ®)(1—cosdcosa).
penguin interference, as noted in Rf] and as we shall see
in Sec. VL. Measurement of botlE P asymmetries and branching ratios
would allow one to obtain values of and a=7—B— v,
V. RATES AND CP ASYMMETRIES IN B*—a*(7,7') given our assumption abosp.

The decay8* — =" 7 andB™— =" »’ could be detect-
able at present levels of sensitivity. Measurements of the
branching ratios and€C P asymmetries of these modes can A. B—7'K decays
provide information on strong and weak phases and on the
relative importance of singlet amplitude contributions, which
are estimated using’ in the »'’K™ mode as discussed
above.

We shall give an illustrative example of the possibilities
for large rates and€C P asymmetries ilB"— 7" 7 andB™
—at 7y’ decays. We shall assume that the singlet amplitud
s interferes constructively witlp. Their electroweak phases
are likely to be the same, and a quite mod&sinterfering
constructively withp’ in the decayB— 'K can account
for the observed rate. We thus tagp=s'/p’=0.49, lead- B(BT— 5'K*)=[70.2+0.10+ 2,/(70.2(0.10]x 10~ ®
ing to the entries on colum(a) of Table II.

Using flavor SW3) to estimatep from the dominant am- =75.7<10"°. 9

plitudep’ in B* — 77K andt+c as mentioned earlier, we
then reconstruct thB*— ¥ (7, »') amplitudes as follows: Thus, in order to demonstrate such interference, one has to

conclusively establish theB(*— 5»'K*) branching ratio

VI. TREE-PENGUIN INTERFERENCE

The central values of the measured ratesBor— 'K ™*
andB%— 7'K? are roughly 1.5 away from each other. One
can attribute part of this difference to a contribution the tree
amplitude in the former mode, if the tree and penguin am-
plitudes happen to interfere constructively. We estimate the
t'|2 term to contribute an amount 0.%A.0 ° to the branch-

g ratio (see Table lll, which by itself would be insignifi-
cant. However, with fully constructive interference with the
p’ ands’'=0.4%’ terms, we would have

ABT— 7t p)=—(1.77'7+1.06e " 'Fe'%), with an error of less than a couple of parts irf 18t present
the errors on the branching ratios are still too large to give a
AB =7 )= —(1.77e "7+ 1.06'Pe'?), conclusive answer to whetherplays an important role here.
(4)
AB'—xt gy )=1.2%"7+1.1% 'Pe'?, B. B—pK* decays
- N s The results for B(B*—n"K*%) give |pp|?=12.2
AB —m p')=12%"1""+1.1% e’ %1078, implying B(B™— »K* 7)=16.2x10 ¢ and B(B°

— pK*%)=15.2x10 °. Both experimental values are a bit
whereg andy are CKM phases is a relative strong phase more than b above these predictions. The question was
between the penguin and tree amplitudes, and amplitudes afgised in Ref[1] whether tree-penguin interference could be
defined such that their squares give branChing ratios in Unit%sponsikﬂe for the S||ght|y h|ghef]K*+ branching ratio.

of 10°°. . The t;, contribution here is related tg, inferred from B®
The CP rate asymmetries —a p" by the ratio|V,s/Vygl?|fx /f,|? 75+ 7go=0.059.
. With maximal constructive interference we could have a
A= B(B~—f)—B(B*—f) 5 modest enhancement:
= N +
B(B"—f)+B(B"—f) B(B* — 7K**)=[16.2+ 0.22+ 2\[(16.2(0.22] X 10~ ©
and theCP-averaged branching ratios =20.2x10°8. (10
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To see such an effect, as f&— »'K decays, it would be Branching ratio (x107%)
necessary to achieve an error on branching ratios of a coupl
of parts in 16.

Ignoring the contribution front;, charged and neutral
modes are predicted to have the same rates. Taking the ave
age of the current data, we obta#f{(B*— »K* *)=(20.3
+3.1)x10°® and B(B%°— pK*%)=(19.0+2.9)x 10 °.
Therefore, at the present level of sensitivity there is no indi-
cation of significant effects due to the interference of tthe
amplitude with the dominant penguin contribution. These — -
data would favor a slightly larger penguin contribution than
extracted from ther*K*° mode.

50r

40 fUpper bound on Br(B*-n'K")

Upper bound on Br(B’°—n'

C. B> wK decays

We mentioned above the possibility of tree-penguin inter-
ference inB* — wK™. To give one example of such effects,
let us recall the assumptign,= — pp but assume the signs -1 0.5 0.5 1 1.5
of tp andty, are the same. Then if one has constructive in- G 1. The branching ratios &— »'K* for varyings), related
terference inB" — 7K* " as suggested above, one would g p/, by the parameter 1<r<1.5.
havedestructiveinterference irB* — wK ™. Thet{, contribu-
tion here is related tot, in B*—ww® by |t{/ty|?
=|Vys/Vud 3Tk /f,|?=0.076. In the case of maximal de-
structive interference one would have

r

2%x10°° should be enough to see whether the interference
terms form a consistent pattern, or indeed are present at all.

B(B*—wK*)=[3.9+0.6—-2/(3.9(0.6]x10 © E.B*—a"p° and B*—a* w decays
=1.4x107°, (11) More precise measurements for tBé — 7+ p® andB*
— " w modes could help to determine whether there is a
a significant effect. difference between their branching ratios, which would be
ascribed to contributions of th@> and/orsp amplitudes. The
D. B m~K** and B°—~K™*p~ decays chance of a detectablg, contribution toB* — 7" ¢, for

which BaBar has presented an upper bol@d, is remote,

Y3s one sees from the predicted branching ratio of about 2
x10"8 in Table Il. Consequently, one would most likely
ascribe a difference to constructive tree-penguin interference,
which would be consistent with the pattern mentioned earlier
[1,40], leading to a prediction

The signs of tree-penguin interference terms in the deca
B—xm K** andB°—K*p~ are correlated with those in
B"—K™w. If the interference is destructive B — K" w,
it will also be destructive irB°—K*p~, since both pro-
cesses involve the combinatiggy+t, . If tp andty, have the
same sign(as is likely, but if pp and py, are equal and
opposite(as has been proposeadne then expects construc- B(BY—m"p®)=[7.9+0.8+2(7.9(0.8]x10 ©
tive tree-penguin interference B°— 7~ K* *. This pattern s
was noted in Refd.1] and[40]. =13.6x10°". (14)

In the cases of maximal interference in the directions sug-

gested, one would then have . . . .
As in previous cases, the effects of maximal interference

B(B®— m~K* *)=[11.4+ 0.6+ 2/(11.4(0.6)]x 107 am?unt tlo@a change in the predicted branching ratio of a few
parts in 10.
=17.3x10"°, (12)

consistent with the experimental branching ratio of (23.8VvIl. FURTHER SINGLET AMPLITUDE CONTRIBUTIONS

+6.1)x10°°, but also
) We have already noted in Sec. IV the importance of the

BO K" p ) =114+ 11— 21181 D1x10-° singlet con'tribL'Jtior's’ in the decaysB.—> 7n'K. However, no
BB =KTp )=l (11.4(1.3] such contribution is yet called for iB— PV decays. Here
=5.4x10 ¢, (13)  we show how to demonstrate its presence.

A contribution from the singlet amplitudg, has to come
which is well below the experimental branching ratio of from the comparison between thg* and »'K* modes. If
(15.9+4.4)x 10 8. In each case the deviation from pure we neglect}, as suggested from the above analysis, &pd
penguin dominance amounts tx@0 °, so measurement of as suggested by the hierarchy in the amplitudes, we can as-
each of these branching ratios with an error of no more thasumes,,=rp/ and get
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—7'K, B—7K*, and B—Kw. Anticipated differences in

B(BT— 5'K* *)=B(B°— 'K*?) 780 branching ratios in these three cases could be as large as
B+ several parts in 10 but are unlikely to be more. Other pro-

1 cesses which can be examined for this interference include
= 5(1_4”2%2’ (15)  the decayB’— 7 K**,B°~K*p~, and a comparison of

B*—7"w andB"— 7" p°. Present data are not yet at the

wherep}, is the penguin amplitude for the charged mOdes_required _IeveI of_accuracy, but will be so soon, providing
Figure 1 shows the branching ratio Bf-7'K* as a para- valuable information on the products cpsosé (|AS=1 de-

) ) . . : cay9 and cosycosé (AS=0 decays
bolic function ofr with a minimum atr = 1/4. To avoid con- : . TR
fusion, we only plot the one fdB— ' K* * as the difference Although a flavor-singlet penguin contribution is needed

T in describingB— »'K, no such amplitude is called for yet in
IS tiny In the range of the plot. The dashed and dafsh-dott.e — 7' K*, Vg\J/e ha?/e shown that significant deviationsyof the
lines g|v,e ihf currept }J(E’per bounds on t'he branching r.at'o'ts)ranching ratio for this procesfor both charged and neutral
of the »'K* ™ and ' K** modes, respectively. Observation

; ; . S . B’s) from 2x 10" ® would provide evidence for such a term.
of these modes with branching ratios significantly different : . ,
5 . . . However, a branching ratio equal to this value does not yet
from ~2x10"° would provide conclusive evidence for the

. S rule out a singlet term.
singlet contributions,. We note thatB(B*— 5'K* ") by 9

itself is unable to distinguish betweerandr’'=3—r, so if
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New data orB decays to pairs of light mesons are shed-  APPENDIX: DECAY CONSTANT CALCULATIONS
ding light on a number of interesting questions. We have i
shown that the penguin contribution in the decBy We define the decay constant of a vector meson
—7"K*%is only a bit smaller than that contributing ®  (=uQq) through the matrix element between one particle and
— mK decays. Although a similar penguin contribution oc-vacuum of the vector currentV,: (0|V,|V(p))
curs inB—K¢ decays, it is partially cancelled by an elec- =myfye,(p). The partial width of ther lepton intoVv, is
troweak penguin contribution, leading to a 30% reduction inthen
rate in accord with predictio$89]. A similar cancellation is
expected in the decayB—Kw.

The prospects for observirg" — 7" » andB* — 7 %',
suggested as promising modes for dir€d® rate asymme-
tries [3,4], are excellent. Branching ratios of a few parts inwhere p* :(mf—m\z,)/(ZmT) is the magnitude of the c.m.
10° are expected. By studying both rates @B asymme- three-momentum of either final particle, aj\d,q| = [V, for
tries, one can determine both the relative strong phases @fv, or |V,4 for K*»_. Using [36] 7,=(290.6+1.1) fs,
penguin and tree amplitudes and the weak phase B(r—pv,;)=(25.1+0.3)%, and B(r—K*v)=(1.29

Tree-penguin interference can be studied by comparing-0.05)%, we findf,=208 MeV, fx«=217 MeV, and
B* and B° branching ratios for processes such Bs fys /f,=1.04+0.02.

2

my

I+ —
m

T

(GFfvp*|qu|)2

F'(r—Vv,)= ype

m; (A
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