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Recent experimental limits for the dire€tP asymmetries iB°—K*#~, B*—=K*#% B*—K%r", and
B°—#mtx~, and for the indirectCP asymmetry inB°— 7' x~, are combined with information on
CP-averaged branching ratios to shed light on weak and strong phases. At present such bounds favor
=60° at the I level. The prospects for further improvements are discussed.
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. INTRODUCTION Defining t=T+ P&y, p=P— 3Pt~ 1PEy, c=C+Pgw,

a=A+PE,, and e+ pa=E+PA+3P2,, where T is a

The decays oB mesons to the charmless final states  color-favored tree amplitud® is a penguin amplitudeg is
andK are a rich source of information on the fundamentala color-suppressed tree amplitudejs an annihilation am-
parameters of the Cabibbo-Kobayashi-Maska@KM) ma-  plitude, E is an exchange amplitud®A is a penguin anni-
trix, but the extraction of this information from data requires hjlation amplitude, andPgyy, PEy, PEW’ and P/f:\w are re-
the separation of weak interaction effects from strongspectively color-favored, color-suppresseg, Z)-exchange,

interaction quantities such as magnitudes of operator matrixng (y,z)-direct-channel electroweak penguin amplitudes
elements and strong phases. A number of model-independentg], we have

analyses of these systelfils-4] have shown that when one
combines data o€ P asymmetries with branching ratios of A(B’— 777 )=—(t+p+e+pa),
CP-averaged final states, one can separate the strong inter-

action effects from fundamental CKM parameters, obtaining ABT -7t 70)= —(t+c)/\/§,
useful information on both sets of quantities.

In the present paper we apply several of these analyses
[1-3] to the decay8B— K= andB— 7, using new upper
limits quoted by the CLEQ5], BaBar[6,7], and Belle[8] 0 0SH
Collaborations for severalCP-violating asymmetries in ~ A(B"—K'K")=p+pa,
these decays, as well as upda@B-averaged branching ra- o 1)
tios for these states. Comparison of h@-averaged rate for A(B*'—K°K™)=p+a, A(B°—K'K")=—(e+pa),
B°— K™ 7~ with that forB® —K%# ™", given a small strong
phase difference, excludes 38%=<60° for the weak phase AB°—K*# )=—(t'+p’), AB"—K°z")=p'+a’,
y=Arg(—VVua/VeVed), While comparison of B*

—K* 7% with B* —K°7™ sets a b lower limit of y>50°. ABY K 7% =—(p'+a’+t'+c')/2,
Present i bounds on the asymmetry parameSr, in B®

—at7~ exclude roughly half the CKM parameter space A(BOHK°w°)=(p’—c’)/\/§.

allowed by other measurements.

We review the flavor decomposition of amplitudes in Sec.
Il and the relevant data in Sec. Ill. The dec&/5— K%+,
expected to be dominated by the penguin amplitude and th
to have naC P-violating asymmetry, are discussed in Sec. IV.
We then analyze rates an@€P asymmetries forB®
—K* 7™, normalizing amplitudes in terms of the pure-
penguin processeB® —K°7 ", in Sec. V. The procesB™
—K* 7% and its comparison witB* —K°%7* are treated in
Sec. VI, while Sec. VIl deals witB°— 7" 7. Section VIII
concludes.

A(B°— 7270 =(p—c+e+pa)/y2,

Here unprimed amplitudes denofeS=0 processes, while
rimed amplitudes involvéAS|=1. TheB°—=K K~ decay
expected to be highly suppressed since it involves only
amplitudes associated with interactions with the spectator
quarks. Measurement of rates for this process can place up-
per limits on such spectator amplitud@gjuivalently, on ef-
fects of rescatterinf11]).
The quark subprocesses describing the above amplitudes

for b quark decay are summarized in Table I. We use the
unitarity of the CKM matrix, V{Viq=—V§,Veq
—V{pVuq.(@=d,s), to eliminate elements involving the top
quark in favor of those involving the charm and up quarks in

In order to put the observed rates and asymmetries ipenguin amplitudes, and then incorporate up quark contribu-
theoretical context, we review the @) flavor- tions into redefined tree contributions. In this convention tree

decomposition ofB— PP amplitudes, wherdP=7,K [9]. amplitudes involve CKM factor¥j,V,,q, while penguin and

Il. FLAVOR DECOMPOSITION OF AMPLITUDES
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TABLE |. Weak phases of amplitudes in the flavor decomposi- [ll. RATE AND ASYMMETRY DATA AND AVERAGES
tion.
' A. Rates
Quark CKM Weak The CLEO [12], Belle [13], and BaBar [14,15
Amplitude subprocess element  phase CP-averaged branching ratios for seveBak PP modes are

summarized in Table Il, along with averages from R&B8].

T~ .. *

T.C . . bj”ﬂd VibVu Y We first note several general properties of these branching
P, Pew, Pew. Pew b—d VépVed 0 ratios.
E bd—uu VioVud y (1) Dominance ofB°— 7" 7~ andB*— =" #° by the
A bu—du V¥ Vg y color-favored tree amplitude would imply the relation

A _
PA Pew bd—vacuum  VepVea O 2B(B*—m* w0
T.,C b—uus VioVus b o — =1 (4)
P', Pew, Peiw: P bos ViVes 7 BB —mtm)
E bs—uu ViVus Y wherer .= 75+ / 7g0=1.068* 0.016 is the ratio oB* andB°
A’ bu—su VibVus Y lifetimes [17]. The observed ratio corresponding to the left-
PA’, PEY bs—vacuum  ViVes m hand side of(4) is 2.4+0.8, or 1.% above 1. The color-

suppressed tree amplitudewith Re(c/t)=0.2[9,18] adds
about 44% to the predicte®”™ — 7" 7% branching ratio, con-
electroweak penguin amplitudes contain facfgV.,. The ~ Verting the right-hand side of Eq4) to 1.44 and reducing

weak phases of amplitudes f& decays occur in the last the discrepancy to 12 _ _
column of Table I. (2) Dominance of theB— K decays by penguin ampli-

A useful flavor SU3) relation between tree and elec- tudes would imply
troweak penguin amplitudes holds when keeping only domi- 0 . . 0 _+
nant (V—A)(V—A) electroweak operators in the effective BB"—K 7 )=B(B" —K a ")l

weak Hamiltonian. Neglecting very smalh few percent =2B(B* —K*70)/r,
electroweak penguin contributions from operators having a
different chiral structure, tree and electroweak penguin op- =2B(B°—K%70), 5

erators carrying a given SB) representation are propor-

tional to each other, and one finds, in the(SUimit [2], while these quantities are in the ratio

) 1.08+0.18:1 (def):1.41+0.28:1.29-0.37 (6)
t'+c'=(T'+C')(~ Sewe ), @
(normalizing to the pure-penguin amplitude foB™"
where g,y is given in terms of ratios of Wilson coefficients —K°7"). Thus the strongest evidence for amplitudes other

and CKM factors: than the penguin appears at the x46ével in the ratio
2B(B*—K* 70
3 CgtCyg [VepV R=—————=141+0.28. 7
Sew= o+ Cio VaoVed _ o oc 0,15, 3) “ B(B*—Koxt) @

200G ViV
(3) To first order in subleading amplitudes, one has the
The central value is obtained oV ,,,/V¢p =0.09. sum rule[19-21]

TABLE II. Branching ratios in units of 10° for B® or B* decays to pairs of light pseudoscalar mesons.
Averages over decay modes and thelP conjugates are implied.

Mode CLEO[12] Belle [13] BaBar[14,15 Average[16]
mtaT 4.3'1%+05 5.655+0.4 41+1.0+0.7 4.4-0.9
w0 5.4+ 2.6 7873508 5.1729+0.8 5.6+1.5
Ko 17.2735+1.2 19.335°532 16.7£1.6+1.3 17.4-1.5
KOz 18.2'45+1.6 13.758 18 18.2'33+2.0 17.3+2.4
K* 0 11639711 16.333° 15 10.8°23+1.0 12.2+1.7
KO0 14.6'297245 16.0°23"23 8.2'31+1.2 10.4+2.6
070 <5.6(90% C.L)

KOKO <6.1(90% C.L) <7.3(90% C.L)

KTK™ <1.9(90% C.L) <2.7(90% C.L) <2.5(90% C.L)

KoK+ <5.1(90% C.L) <5.0(90% C.L) <2.4(90% C.L)
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TABLE Ill. Asymmetries Acp for B— PP decays.

Mode CLEO[5] BaBar|[6,7] Belle [8] Average
Son 0.03"523+0.11 0.03+0.56
Con —-0.25'545+0.14 —0.25+0.48
Kt~ —-0.04+0.16 —0.07+0.08+0.02 0.044 518670018 —0.048+0.068
K* 0 —0.29+0.23 0.00-0.18+0.04 —0.059° 3452 5995 —0.096+0.119
KOz * 0.18+0.24 —0.21+0.18+0.03 0.098 54397 9-020 —0.047+0.136

2B(B* =K 70)/r +2B(B°—K%7%°)

=B(B*—K%r")/r,+ BB K" 7).

accompanied by tree amplitudes, suchBfs—K* 7~ and
B*—K*a% Much largerCP asymmetries could occur in

(8  those processes if strong phases were sufficiently large.

A useful way to estimate the effect of the annihilation

The left- and right-hand sides of this relation are (43'6amplitude inB*—K%* [23] is to use the U-spifi24,25

+6.1)x10 % and (33.6-2.7)x10 °, respectively. These
relations are fairly general, so any violation of them would

most likely signal systematic experimental errors.

B. Asymmetries

transformations—d to relate it toB™—K°K*. Under this
substitution the penguin amplitudproportional toV3,V¢q)
is reduced by a factor of =|V 4/V.4, While the annihila-
tion amplitude isincreasedby a factor A "1=|V,4/V,d,
where\=0.22. Thus, not only should thé P asymmetry in

In Table Il we summarize data 06 P asymmetries in g+ _,KOk+ pe substantially larger than that B — K%z ",

B— PP, defined by

['(B—f)—I(B—f)
[(B—H+I(B—f)’

CP

while coefficients of sildmgt and cosAmgt measured in
time-dependen€ P asymmetries ofr* 7w~ states produced

in asymmetrice* e~ collisions at theY (4S) are[22]

but if the annihilation amplitude is large enough it could lead
to an enhancement of the rate BF —K°K* over that ex-

(9) pected if the penguin amplitude were dominant, which

corresponds to a branching ratio of abd®(B*—K°K™)
=|V¢q/ Ve ?B(BT = K7 T)=8x10"7 [26,27.

Evidence for rescatterindll] would also be forthcoming
from the proces8°— KK, for which the contributions of
the E andP A amplitudes are expected to lead to a branching
ratio below 10 7. Present experimental limits are an order of

(10) magnitude above this value.

V. BO=»K*m~

Fleischer and ManngR8] pointed out that a useful ratio
giving information on the weak phaseis

_2Im(N\ ;) S P
S T PO R P
where
CAB st
)\wwze_mﬁ¥ (11)

A(B =7t 7) .

The smallness of these asymmetries will lead to useful
constraints on CKM parameters, though reduction of statis-
tical errors will be quite helpful. In some cases, however, the

R=

r [B(B° =K~ 7")+B(B°—K*77)]

BB~ =K% )+ B(B*—Kor™)

(12

reduction of statistical errors oratios of branching ratios
described in the previous section will actually be of greater,

use.

IV. B¥=>K%+

Within the assumption of a dominant penguin amplitude and
a subdominant tree amplitude, one finds

R=1-2r cosy cosdy+r2, (13

The decayB™—K°7" is expected to be dominated by wherer=|T'/P’| is the ratio of tree to penguin amplitudes
the penguin amplitude, with a small contribution from the for strangeness-changirgdecays to charmless final states,
quark subprocesbu—su proportional to the ratidfg/mg  and §,= 67— dp- is the strong final-state phase difference
=1/25. An equivalent contribution is generated by rescatterbetween tree and penguin amplitudes. Independentiyaatl
ing, e.g., from such final states &' 7°. Since the weak & it can then be showj28] thatR=sir? v, so that a value of
phase of the annihilation and penguin amplitudes are differR below 1 could place useful bounds on
ent, the annihilation amplitude can lead to a snts# asym- The present experimental data summarized in Table Il in-
metry in the rate foB* —K%r" vs its CP-conjugate decay. dicate R=1.08+0.18, so that no useful bound arises from
There is no evidence for such an asymmetry at present, btice Fleischer-Mannel procedure. However, it was shown in
the experimental upper bounds are no stronger than for prdRef.[1] that if one combined data dRwith the CP pseudo-
cesses in which the penguin amplitude is expected to basymmetry
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FIG. 1. Behavior oR for r =0.14 andA,=0 (dashed curveor
|Ag|=0.125(solid curve as a function of the weak phase Hori-
zontal dashed lines denotelo experimental limits onR. The
upper branches of the curves correspond to the case awss,
<0, while the lower branches correspond to ¢g@®ss,>0.

_T(B°—K @")—T(B*~K*7")
I(B =K% )+T(B"—=K%™)

Ao

:.ACP(BO—>K+777)R

14

—2r sinysinég,,

one could eliminate the strong phase difference between tr

and penguin amplitudes and obtain useful information on th

weak phasey. The result is

R=1+r2+\/4r?cos y—Ajcof y. (15)
Plots of R as a function ofy for various values of andA,
were given in Ref[1]. Note that this function is invariant
under the replacement— 7— vy, so it only need be plotted
for 0= y=<90°. However, the expressidqid3) indicates that
the upper branches of the curves correspond toycasd,
<0, while the lower branches correspond to ga®sd,>0.

ee
e
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errors onA, andr. Since the curves foA,=0 and |A|
=0.125 are fairly close to one another for a considerable
range ofy, improvement of bounds 0A, is less likely to
sharpen the bounds op unless that angle differs consider-
ably from 90°.

Theoretical estimatelsl8] of small final-state phases im-
ply cosé,>0, so that withy=<90° one should have destruc-
tive tree-penguin interference BP— K ™7~ and thus should
be on the lower branch of the curves in Fig. 1. Theldwer
bound onR then would exclude 3% y<60°.

The expressions foR and A, are invariant under the in-
terchange ofy and &y, so that Fig. 1 can also be used in
principle for bounds ons,. At present, no useful bounds
emerge. However, writing siéy=—Aq/(2r siny) and using
the 1o range —0.125<A,=<0.021 and the lower bounds
=0.14 from the above discussion ane=32° from a fit to
CKM parameter$30], one finds—8°< §,<57° up to a dis-
crete ambiguity which also permits a solutiog— 7— 8.

VI. B¥=K* 70

The ratio

2[B(B"—K 7% +B(B"—K"7%]

R i
¢ BB =K% )+B(B*—=Kz")

(16)

also contains useful information on the weak phaséni-
tially it was proposed to use this ratio in an amplitude tri-
angle construction[31] in which the amplitudet’+c’
=-AB'—=K7")—2A(BT —K* 7% was evaluated us-
ing flavor SU3) from the corresponding amplitudetc
—2A(B*— " 7%). However, this procedure neglected
fmportant electroweak penguiEWP) contributions[32]. It
was then shown that these could be taken into accf®int
through the SIB) relation (2). Neglectinga’ contributions

in decay amplitudes, and writing

—J2A(B K 7% =p'+(T'+C')(1- Sgue ),
17

one finds

Using the experimental asymmetries summarized in Table

[, one findsAy=—0.052+-0.073. In Ref[1] we estimated

r=0.16+0.06. Using the most recent experimental data for

B*—K°r" to estimate|P’| and factorization inB— lv
[29] and flavor SU3) [9] to estimatg T'|, an updated result
is r=0.184+0.044.

The most conservative bounds grare obtained using the
smallest value of and the largest value ¢f|. A plot of R
for r=0.14 (the 1o lower bound and bothA,=0 and|A|
=0.125 (the 1o upper boundl is shown in Fig. 1. With
present experimental errors, no useful boundyoamerges
from the consideration oR unless additional assumptions
are made. Reduction of errors éhby roughly a factor of

R.=1—2r;cosé.(cosy— Sgw)

+r2(1—- 268w cosy+ 62y, (18

where r=|T"+C'|/|p’|, 6.=67+c/— 8y, and gy is
given in Eqg.(3). Note that the latter parameter involves a
sizable uncertainty fronV,,/V.p|. In order to demonstrate
possible constraints on weak and strong phases, we will ex-
plore the effect oft 1o deviations from the central value of
Sgw=0.65+0.15.

The CP-violating asymmetry iB* —K* 7% decays then
provides a constraint on the relative strong phase We

two could have a considerable impact even given presertefine a pseudo-asymmetry

013004-4



IMPLICATIONS OF CP ASYMMETRY LIMITS FOR B— K AND B— 7 PHYSICAL REVIEW D 65 013004

TABLE V. Minimum values of y (in degreey for R.=1.13,
given central andt 1o values ofr, and 6gy,. First figure denotes
value with A;=0 while second figure denotes value with|

=0.30.
re: 0.195 0.230 0.265
Sew:
o 0.50 75182 71/74 68/70
0 0.65 66/74 62/67 60/62
0.80 57/68 53/59 50/54

obtained on the basis of theslinequality R;=1.13 forr,
=0.230+0.035 anddgy=0.65+0.15, both forA.=0 and
for A;=0.3.

As in the case oB°—K " 7, there is little difference on
the bounds one obtains for ze@P asymmetry and for the
maximum allowed value. The greatest leverage on bounds
7 (degreeS) would be provided by reducing the experimental error on
R., with some additional help associated with reduction of
the errors orr. and 6gyy. The limits of Table IV correspond
to the branches of the curves that would be chosen ifdcos
>0, as expected in some theoretical treatm&h&.

One can place a one-sided limit on the strong phasé;
using the present range0.30<A.<0.04. With

0 50 100 150

FIG. 2. Behavior ofR; for r,=0.265 (1o upper limij and A,
=0 (dashed curvesor |A;=0.30(solid curve as a function of the
weak phasey. Horizontal dashed lines denotelo experimental
limits on R;. Upper branches of curves correspond to &¢sosy
— 8w <0, while lower branches correspond to &&0sy— &w)
>0. Here we have takef,=0.80[the 1o upper limit in Eq.(3)],
which leads to the most conservative boundjon

sind.=—A./(2r.siny), (22

A 2[B(B-—K 7% —B(B*—=K*70)] y=32°, andr.=0.195 one has-0.19<sin§,<1.44, sod,

= N PR — =-11°. The upper limit on|A. [equivalently, on
B(B" =K )+ B(B" —K ™) | Acp(BT—K*7%] must be reduced to about 2/3 of its

=R Acp(BT—K ' 70 present value if a two-sided constraint ép is to be ob-

tained.
=—2r.sing;sinvy, (19
VIl. B»ata~
and, using the experimental averages in Tables Il and IlI, we
find A;=—0.13+0.17.

Eliminating ., we can plotR, as a function ofy for
various values obgy, r, andA;, to see if any constraints
on y emerge when taking ad lower limit on R;, R,
=1.13. The ratia ., obtained from31]

The implications of the BaBdi7] limits on S, andC .,
quoted in Table Il have been partially explored in R&0].
Here we review these limits, discuss their implications for
CKM parameters, and discuss prospects for their improve-
ment.
As mentioned in Sec. lll, the present experimental ratio
(4) of Bt*—>#"#° and B~ #*#~ branching ratios is
Vs f| BB =7 7%+ BB — =" 70 12 somewhat larger than that expected from tree-dominance
lre=Ne g — —5 _ , alone, even accounting for a color-suppressed contribution to
Vua f| BB~ —KO77)+ B(B* —KO7") the former process. For this reason, as well as for the purpose
(20 of estimating the “penguin pollution” correction to the time-
dependenC P asymmetry inB°— 7" 7™, it is useful to es-
was estimated in Ref2] to ber .= e€5,,=0.24+0.06. We can timate the ratio|P/T| of penguin to tree amplitudes iAS
update this estimate using the new branching ratios quoted i 0 B decays. Using this estimate it is then possible to place
Table IlI, finding r,=0.230+0.035. The resulting plot is limits on the weak phase even given the crude limits on
shown in Fig. 2 for thet 1o values ofr. and gy (Which  S__andC_, noted in Table IlI.
lead to the weakest lower bound e, both forA.,=0 and Many previous attempts have been made to estimate
for the 1o upper limitA.=0.30. The weakestd bound on  |P/T| in a model-independent way, including an isospin
v in this case, as opposed to the cas8df-K "7, occurs  analysis requiring the measurement Bf — 7" x°, B°
whenA.=0, and isy=50°. As a result of the electroweak — 7°#°, and corresponding charge-conjugate ded®a,
penguin term, the value dR. is not symmetric under the methods which use only part of the above informaidA—
replacementy— — v, in contrast to the case & for B  36], and numerous applications of flavor @&V [9,37,34.
—K* ™. In Table IV we show the minimum values gf  There have been hints, based on earlier data, that the penguin
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amplitude was interfering destructively with the treeBA
—at7 [39]

The method of Ref{29] is capable in principle of giving
a good value of T| based on naive factorization and mea-
surement of the spectrum &— 7l v neargq®=0, whereq?
is the squared effective mass of the system. Present ex-
perimental measurements and some theoretical estimates

form factor shapes based on lattice gauge theory lead to a

estimate|T|=2.7+0.6, where all amplitudes are quoted as
square roots oB® branching ratios multiplied by f0This is
the same value obtaindd0] from B* — 7 7% with addi-
tional assumptions about the color-suppressed amplitude.
The penguin amplitude can be estimated frddT

—K°%r ™. The average of the branching ratios for that pro-

cess in Table Il is

BBt —K%r*)=(17.2-2.4x10 8, (22
leading to|P’|2=(17.2-2.4)Ir,, |P'|=4.02+0.28.

We now estimate the strangeness-preserbingd ampli-
tude|P| which is proportional to the CKM factdv.qV%, in
our convention. We find

Vcd

PIP'|=|o=
PIPI=17

=0.22, |P|=0.91+0.06. (23

Assuming factorization of penguin amplitudgks], this es-
timate is corrected by an $B) breaking factor of . /fx and
becomegP|=0.74+0.05.

With the present method of estimating errors|&h and
|T|, we then find|P/T|=0.34+0.08 without introducing
SU(3) breaking in P/P’, or |P/T|=0.276+0.064 when
SU(3) breaking inP/P’ is introduced through ./f«. The

latter number is to be compared with a value of 0.285

+0.076 obtained by18] on the basis of a theoretical calcu-
lation which includes small annihilation corrections. A value
of 0.26+0.09 was obtainef29] when definingP andP’ as
the amplitudes containing,4 andV,g, respectively, without
introducing SW3) breaking in the ratio of these amplitudes.

The decay amplitudes to" 7~ for B® andB° are

ABY—mm7)=—(|T|e'’te'"+|Ple'%P),

A(B—m*77)=—(|T|e'%re ™17+ |P|e' %),
(24

PHYSICAL REVIEW D65 013004
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0.0 C 1 | 1 1 1 | 1 1 1f |\!r 1 1 1 1 | 1 1 1 | 1
050 -025 000 025 050
p

FIG. 3. Constraints on parameters of the CKM matrix. Solid
circles denote limits ofV ,/Vp| =0.090+ 0.025 from charmless
decays. Dashed arcs denote limits fr&hB° mixing. Dot-dashed
arc denotes limit fronB¢-Bg mixing. Dotted hyperbolae are asso-
ciated with limits onC P-violating K°-K° mixing (the parametee).
Limits of =10 from CP asymmetries inB°— J/4Kg leading to
sin(28)=0.79+0.10 are shown by the solid rays. The small dashed
lines represent the constraint dueSg,., with 0.21<|P/T|<0.34.
The plotted point lies in the middle of the allowed region.

The BaBar Collaboratio7] has recently reported the
first results for theCP-violating asymmetrieg10) in B°
— ot 7~ decays. Our expressions for the decay amplitudes

imply

In the absence of the penguin amplitude we would have
S,-=sin(2x). If |P/T|#0 but § is small [18], we have
S, »=SIN(2aeg), Whereagg= a+ Aa, with

1+|P/T|e"%e!
1+|P/T|el%e™1”

—plia

T

(26)

R |P/T|siny )
a=tan | Tcosy/| @7
Using
ana= S/ A— tanAa= 77' P/T|
7”?=p(1-p)’ Vp?+ 772+p|P/T|(’28)

we plot in Fig. 3 the*x 10 contours of—0.53<S,,<0.59,
along with other CKM constraints taken from REE6]. The
lo S, , bounds exclude about half of the,(p) parameter
space allowed by all other constraints. Similar constraints
under slightly different technical assumptions were obtained

where 67 and 6p are strong phases of the tree and penguin, ref. [29].

amplitudes, andS=é6p— 67. The CP-averaged branching
ratio in Table Il then implies
|T|?+|P|?+ 2| TP|cosy cosé=4.4+0.9, (25)

which suggests but does not prove, given our error$Ton

and|P|, that the tree and penguin amplitudes are interfering

destructively with one another iB°— 7+ 7. For coss>0
as favored theoretically18], this would require co$<0,
which is not favored by CKM fit$16].

The quantityC ... is also consistent at present with zero.
Its observed range is not yet tightly enough constrained to
provide much information, but reduction in errors will even-
tually be useful mainly in constraining the strong phase dif-
ferences. For one such example, see Rgf9].

VIIl. CONCLUSIONS

While a CP-violating indirect asymmetry(associated
with B%-BY mixing) has been observed in the dece®3
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—J/yYKs, no direct asymmetries have yet been observed itMore severe constraints are expected for small rescattering
B— K decays, and no asymmetries of any sort have beeand color-suppressed electroweak amplitudes. With the in-
seen inB— 7" r~. Nonetheless, the present upper limits oncreased data samples expected to be available from BaBar
K= and wo asymmetries, crude as they are, already areand Belle, one can look forward to greatly improved limits
beginning to provide useful information on CKM phases. Ason CKM parameters from analyses such as ours even if no
one example, the deviation of the ratio B"  CP asymmetries are observed By+K and B—ma de-
—K*7%)/B(B*—K%r™) from 1 is able at the & level to  cays.

provide a lower boundy=50° independentlyof the CP

asymmetry inB*—K* 7% The proximity of the ratio

(74 170) B(B° K™ 7 )/B(B*—K°7*) to unity, when ACKNOWLEDGMENTS
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