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Implications of CP asymmetry limits for B\Kp and B\pp
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Recent experimental limits for the directCP asymmetries inB0→K1p2, B1→K1p0, B1→K0p1, and
B0→p1p2, and for the indirectCP asymmetry in B0→p1p2, are combined with information on
CP-averaged branching ratios to shed light on weak and strong phases. At present such bounds favorg
>60° at the 1s level. The prospects for further improvements are discussed.
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I. INTRODUCTION

The decays ofB mesons to the charmless final statespp
andKp are a rich source of information on the fundamen
parameters of the Cabibbo-Kobayashi-Maskawa~CKM! ma-
trix, but the extraction of this information from data requir
the separation of weak interaction effects from stron
interaction quantities such as magnitudes of operator ma
elements and strong phases. A number of model-indepen
analyses of these systems@1–4# have shown that when on
combines data onCP asymmetries with branching ratios o
CP-averaged final states, one can separate the strong i
action effects from fundamental CKM parameters, obtain
useful information on both sets of quantities.

In the present paper we apply several of these anal
@1–3# to the decaysB→Kp andB→pp, using new upper
limits quoted by the CLEO@5#, BaBar @6,7#, and Belle@8#
Collaborations for severalCP-violating asymmetries in
these decays, as well as updatedCP-averaged branching ra
tios for these states. Comparison of theCP-averaged rate for
B0→K1p2 with that for B1→K0p1, given a small strong
phase difference, excludes 31°<g<60° for the weak phase
g[Arg(2Vub* Vud /Vcb* Vcd), while comparison of B1

→K1p0 with B1→K0p1 sets a 1s lower limit of g.50°.
Present 1s bounds on the asymmetry parameterSpp in B0

→p1p2 exclude roughly half the CKM parameter spa
allowed by other measurements.

We review the flavor decomposition of amplitudes in S
II and the relevant data in Sec. III. The decaysB1→K0p1,
expected to be dominated by the penguin amplitude and
to have noCP-violating asymmetry, are discussed in Sec.
We then analyze rates andCP asymmetries for B0

→K1p2, normalizing amplitudes in terms of the pur
penguin processesB1→K0p1, in Sec. V. The processB1

→K1p0 and its comparison withB1→K0p1 are treated in
Sec. VI, while Sec. VII deals withB0→p1p2. Section VIII
concludes.

II. FLAVOR DECOMPOSITION OF AMPLITUDES

In order to put the observed rates and asymmetries
theoretical context, we review the SU~3! flavor-
decomposition ofB→PP amplitudes, whereP5p,K @9#.
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Defining t5T1PEW
c , p5P2 1

3 PEW
c 2 1

3 PEW
E , c5C1PEW ,

a5A1PEW
E , and e1pa5E1PA1 1

3 PEW
A , where T is a

color-favored tree amplitude,P is a penguin amplitude,C is
a color-suppressed tree amplitude,A is an annihilation am-
plitude, E is an exchange amplitude,PA is a penguin anni-
hilation amplitude, andPEW , PEW

c , PEW
E , and PEW

A are re-
spectively color-favored, color-suppressed, (g,Z)-exchange,
and (g,Z)-direct-channel electroweak penguin amplitud
@10#, we have

A~B0→p1p2!52~ t1p1e1pa!,

A~B1→p1p0!52~ t1c!/A2,

A~B0→p0p0!5~p2c1e1pa!/A2,

A~B0→K0K̄0!5p1pa,
~1!

A~B1→K̄0K1!5p1a, A~B0→K1K2!52~e1pa!,

A~B0→K1p2!52~ t81p8!, A~B1→K0p1!5p81a8,

A~B1→K1p0!52~p81a81t81c8!/A2,

A~B0→K0p0!5~p82c8!/A2.

Here unprimed amplitudes denoteDS50 processes, while
primed amplitudes involveuDSu51. TheB0→K1K2 decay
is expected to be highly suppressed since it involves o
amplitudes associated with interactions with the specta
quarks. Measurement of rates for this process can place
per limits on such spectator amplitudes~equivalently, on ef-
fects of rescattering@11#!.

The quark subprocesses describing the above amplitu
for b̄ quark decay are summarized in Table I. We use
unitarity of the CKM matrix, Vtb* Vtq52Vcb* Vcq

2Vub* Vuq ,(q5d,s), to eliminate elements involving the to
quark in favor of those involving the charm and up quarks
penguin amplitudes, and then incorporate up quark contr
tions into redefined tree contributions. In this convention t
amplitudes involve CKM factorsVub* Vuq , while penguin and
©2001 The American Physical Society04-1
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MICHAEL GRONAU AND JONATHAN L. ROSNER PHYSICAL REVIEW D65 013004
electroweak penguin amplitudes contain factorsVcb* Vcq . The
weak phases of amplitudes forB decays occur in the las
column of Table I.

A useful flavor SU~3! relation between tree and ele
troweak penguin amplitudes holds when keeping only do
nant (V2A)(V2A) electroweak operators in the effectiv
weak Hamiltonian. Neglecting very small~a few percent!
electroweak penguin contributions from operators havin
different chiral structure, tree and electroweak penguin
erators carrying a given SU~3! representation are propo
tional to each other, and one finds, in the SU~3! limit @2#,

t81c85~T81C8!~2dEWe2 ig!, ~2!

wheredEW is given in terms of ratios of Wilson coefficient
and CKM factors:

dEW52
3

2

c91c10

c11c2

uVcb* Vcsu

uVub* Vusu
50.6560.15. ~3!

The central value is obtained foruVub /Vcbu50.09.

TABLE I. Weak phases of amplitudes in the flavor decompo
tion.

Quark CKM Weak
Amplitude subprocess element phase

T, C b̄→ūud̄ Vub* Vud g

P, PEW , PEW
c , PEW

E
b̄→d̄ Vcb* Vcd 0

E b̄d→ūu Vub* Vud g

A b̄u→d̄u Vub* Vud g

PA, PEW
A

b̄d→vacuum Vcb* Vcd 0

T8,C8 b̄→ūus̄ Vub* Vus g

P8, PEW8 , PEW8c , PEW8E
b̄→ s̄ Vcb* Vcs p

E8 b̄s→ūu Vub* Vus g

A8 b̄u→ s̄u Vub* Vus g

PA8, PEW8A
b̄s→vacuum Vcb* Vcs p
01300
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III. RATE AND ASYMMETRY DATA AND AVERAGES

A. Rates

The CLEO @12#, Belle @13#, and BaBar @14,15#
CP-averaged branching ratios for severalB→PP modes are
summarized in Table II, along with averages from Ref.@16#.
We first note several general properties of these branch
ratios.

~1! Dominance ofB0→p1p2 and B1→p1p0 by the
color-favored tree amplitude would imply the relation

2B~B1→p1p0!

r tB~B0→p1p2!
51, ~4!

wherer t[tB1 /tB051.06860.016 is the ratio ofB1 andB0

lifetimes @17#. The observed ratio corresponding to the le
hand side of~4! is 2.460.8, or 1.7s above 1. The color-
suppressed tree amplitudec with Re(c/t).0.2 @9,18# adds
about 44% to the predictedB1→p1p0 branching ratio, con-
verting the right-hand side of Eq.~4! to 1.44 and reducing
the discrepancy to 1.2s.

~2! Dominance of theB→Kp decays by penguin ampli
tudes would imply

B~B0→K1p2!5B~B1→K0p1!/r t

52B~B1→K1p0!/r t

52B~B0→K0p0!, ~5!

while these quantities are in the ratio

1.0860.18 : 1 ~def.! : 1.4160.28 : 1.2960.37 ~6!

~normalizing to the pure-penguin amplitude forB1

→K0p1). Thus the strongest evidence for amplitudes ot
than the penguin appears at the 1.46s level in the ratio

Rc[
2B~B1→K1p0!

B~B1→K0p1!
51.4160.28. ~7!

~3! To first order in subleading amplitudes, one has
sum rule@19–21#

-

ns.
TABLE II. Branching ratios in units of 1026 for B0 or B1 decays to pairs of light pseudoscalar meso
Averages over decay modes and theirCP conjugates are implied.

Mode CLEO@12# Belle @13# BaBar @14,15# Average@16#

p1p2 4.321.4
11.660.5 5.622.0

12.360.4 4.161.060.7 4.460.9
p1p0 5.462.6 7.823.221.2

13.810.8 5.121.8
12.060.8 5.661.5

K1p2 17.222.4
12.561.2 19.323.220.6

13.411.5 16.761.661.3 17.461.5
K0p1 18.224.0

14.661.6 13.724.821.8
15.711.9 18.223.0

13.362.0 17.362.4
K1p0 11.622.721.3

13.011.4 16.323.321.8
13.511.6 10.821.9

12.161.0 12.261.7
K0p0 14.625.123.3

15.912.4 16.025.922.7
17.212.5 8.222.2

13.161.2 10.462.6
p0p0 ,5.6(90% C.L.!

K0K̄0 ,6.1(90% C.L.! ,7.3(90% C.L.!

K1K2 ,1.9(90% C.L.! ,2.7(90% C.L.! ,2.5(90% C.L.!

K̄0K1 ,5.1(90% C.L.! ,5.0(90% C.L.! ,2.4(90% C.L.!
4-2
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TABLE III. AsymmetriesACP for B→PP decays.

Mode CLEO@5# BaBar @6,7# Belle @8# Average

Spp 0.0320.56
10.5360.11 0.0360.56

Cpp 20.2520.47
10.4560.14 20.2560.48

K1p2 20.0460.16 20.0760.0860.02 0.04420.16720.021
10.18610.018 20.04860.068

K1p0 20.2960.23 0.0060.1860.04 20.05920.19620.017
10.22210.055 20.09660.119

K0p1 0.1860.24 20.2160.1860.03 0.09820.34320.063
10.43010.020 20.04760.136
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2B~B1→K1p0!/r t12B~B0→K0p0!

5B~B1→K0p1!/r t1B~B0→K1p2!. ~8!

The left- and right-hand sides of this relation are (43
66.1)31026 and (33.662.7)31026, respectively. These
relations are fairly general, so any violation of them wou
most likely signal systematic experimental errors.

B. Asymmetries

In Table III we summarize data onCP asymmetries in
B→PP, defined by

ACP[
G~B̄→ f̄ !2G~B→ f !

G~B̄→ f̄ !1G~B→ f !
, ~9!

while coefficients of sinDmdt and cosDmdt measured in
time-dependentCP asymmetries ofp1p2 states produced
in asymmetrice1e2 collisions at theY(4S) are @22#

Spp[
2 Im~lpp!

11ulppu2
, Cpp[

12ulppu2

11ulppu2
, ~10!

where

lpp[e22ib
A~B̄0→p1p2!

A~B0→p1p2!
. ~11!

The smallness of these asymmetries will lead to use
constraints on CKM parameters, though reduction of sta
tical errors will be quite helpful. In some cases, however,
reduction of statistical errors onratios of branching ratios
described in the previous section will actually be of grea
use.

IV. B¿\K0p¿

The decayB1→K0p1 is expected to be dominated b
the penguin amplitude, with a small contribution from t
quark subprocessb̄u→ s̄u proportional to the ratiof B /mB
.1/25. An equivalent contribution is generated by rescat
ing, e.g., from such final states asK1p0. Since the weak
phase of the annihilation and penguin amplitudes are dif
ent, the annihilation amplitude can lead to a smallCP asym-
metry in the rate forB1→K0p1 vs itsCP-conjugate decay
There is no evidence for such an asymmetry at present,
the experimental upper bounds are no stronger than for
cesses in which the penguin amplitude is expected to
01300
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accompanied by tree amplitudes, such asB0→K1p2 and
B1→K1p0. Much largerCP asymmetries could occur in
those processes if strong phases were sufficiently large.

A useful way to estimate the effect of the annihilatio
amplitude inB1→K0p1 @23# is to use the U-spin@24,25#
transformations↔d to relate it toB1→K̄0K1. Under this
substitution the penguin amplitude~proportional toVcb* Vcd)
is reduced by a factor ofl5uVcd /Vcsu, while the annihila-
tion amplitude is increasedby a factor l215uVud /Vusu,
wherel.0.22. Thus, not only should theCP asymmetry in
B1→K̄0K1 be substantially larger than that inB1→K0p1,
but if the annihilation amplitude is large enough it could le
to an enhancement of the rate forB1→K̄0K1 over that ex-
pected if the penguin amplitudeP were dominant, which
corresponds to a branching ratio of aboutB(B1→K̄0K1)
.uVcd /Vcsu2B(B1→K0p1)5831027 @26,27#.

Evidence for rescattering@11# would also be forthcoming
from the processB0→K1K2, for which the contributions of
theE andPA amplitudes are expected to lead to a branch
ratio below 1027. Present experimental limits are an order
magnitude above this value.

V. B0\K¿pÀ

Fleischer and Mannel@28# pointed out that a useful ratio
giving information on the weak phaseg is

R[
r t@B~B̄0→K2p1!1B~B0→K1p2!#

B~B2→K̄0p2!1B~B1→K0p1!
. ~12!

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

R5122r cosg cosd01r 2, ~13!

wherer[uT8/P8u is the ratio of tree to penguin amplitude
for strangeness-changingB decays to charmless final state
and d0[dT82dP8 is the strong final-state phase differen
between tree and penguin amplitudes. Independently ofr and
d0 it can then be shown@28# thatR>sin2 g, so that a value of
R below 1 could place useful bounds ong.

The present experimental data summarized in Table II
dicate R51.0860.18, so that no useful bound arises fro
the Fleischer-Mannel procedure. However, it was shown
Ref. @1# that if one combined data onR with theCP pseudo-
asymmetry
4-3
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A0[
G~B̄0→K2p1!2G~B0→K1p2!

G~B2→K̄0p2!1G~B1→K0p1!

5ACP~B0→K1p2!R

522r sing sind0 , ~14!

one could eliminate the strong phase difference between
and penguin amplitudes and obtain useful information on
weak phaseg. The result is

R511r 26A4r 2 cos2 g2A0
2 cot2 g. ~15!

Plots ofR as a function ofg for various values ofr andA0
were given in Ref.@1#. Note that this function is invarian
under the replacementg→p2g, so it only need be plotted
for 0<g<90°. However, the expression~13! indicates that
the upper branches of the curves correspond to cosg cosd0
,0, while the lower branches correspond to cosg cosd0.0.

Using the experimental asymmetries summarized in Ta
III, one findsA0520.05260.073. In Ref.@1# we estimated
r 50.1660.06. Using the most recent experimental data
B1→K0p1 to estimateuP8u and factorization inB→p ln
@29# and flavor SU~3! @9# to estimateuT8u, an updated resul
is r 50.18460.044.

The most conservative bounds ong are obtained using the
smallest value ofr and the largest value ofuA0u. A plot of R
for r 50.14 ~the 1s lower bound! and bothA050 anduA0u
50.125 ~the 1s upper bound! is shown in Fig. 1. With
present experimental errors, no useful bound ong emerges
from the consideration ofR unless additional assumption
are made. Reduction of errors onR by roughly a factor of
two could have a considerable impact even given pres

FIG. 1. Behavior ofR for r 50.14 andA050 ~dashed curves! or
uA0u50.125~solid curve! as a function of the weak phaseg. Hori-
zontal dashed lines denote61s experimental limits onR. The
upper branches of the curves correspond to the case cosg cosd0

,0, while the lower branches correspond to cosg cosd0.0.
01300
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errors onA0 and r. Since the curves forA050 and uA0u
50.125 are fairly close to one another for a considera
range ofg, improvement of bounds onA0 is less likely to
sharpen the bounds ong unless that angle differs conside
ably from 90°.

Theoretical estimates@18# of small final-state phases im
ply cosd0.0, so that withg<90° one should have destruc
tive tree-penguin interference inB0→K1p2 and thus should
be on the lower branch of the curves in Fig. 1. The 1s lower
bound onR then would exclude 31°<g<60°.

The expressions forR andA0 are invariant under the in
terchange ofg and d0, so that Fig. 1 can also be used
principle for bounds ond0. At present, no useful bound
emerge. However, writing sind052A0 /(2r sing) and using
the 1s range20.125<A0<0.021 and the lower boundsr
>0.14 from the above discussion andg>32° from a fit to
CKM parameters@30#, one finds28°<d0<57° up to a dis-
crete ambiguity which also permits a solutiond0→p2d0.

VI. B¿\K¿p0

The ratio

Rc[
2@B~B2→K2p0!1B~B1→K1p0!#

B~B2→K̄0p2!1B~B1→K0p1!
~16!

also contains useful information on the weak phaseg. Ini-
tially it was proposed to use this ratio in an amplitude t
angle construction@31# in which the amplitudet81c8
52A(B1→K0p1)2A2A(B1→K1p0) was evaluated us
ing flavor SU~3! from the corresponding amplitudet1c
52A2A(B1→p1p0). However, this procedure neglecte
important electroweak penguin~EWP! contributions@32#. It
was then shown that these could be taken into account@2#
through the SU~3! relation ~2!. Neglectinga8 contributions
in decay amplitudes, and writing

2A2A~B1→K1p0!5p81~T81C8!~12dEWe2 ig!,
~17!

one finds

Rc5122r c cosdc~cosg2dEW!

1r c
2~122dEW cosg1dEW

2 !, ~18!

where r c[uT81C8u/up8u, dc[dT81C82dp8 , and dEW is
given in Eq. ~3!. Note that the latter parameter involves
sizable uncertainty fromuVub /Vcbu. In order to demonstrate
possible constraints on weak and strong phases, we will
plore the effect of61s deviations from the central value o
dEW50.6560.15.

The CP-violating asymmetry inB1→K1p0 decays then
provides a constraint on the relative strong phasedc . We
define a pseudo-asymmetry
4-4
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Ac[
2@B~B2→K2p0!2B~B1→K1p0!#

B~B2→K̄0p2!1B~B1→K0p1!

5RcACP~B1→K1p0!

522r c sindc sing, ~19!

and, using the experimental averages in Tables II and III,
find Ac520.1360.17.

Eliminating dc , we can plotRc as a function ofg for
various values ofdEW , r c andAc , to see if any constraints
on g emerge when taking a 1s lower limit on Rc , Rc
>1.13. The ratior c , obtained from@31#

r c5A2
Vus

Vud

f K

f p
FB~B2→p2p0!1B~B1→p1p0!

B~B2→K̄0p2!1B~B1→K0p1!
G 1/2

,

~20!

was estimated in Ref.@2# to ber c[e3/250.2460.06. We can
update this estimate using the new branching ratios quote
Table II, finding r c50.23060.035. The resulting plot is
shown in Fig. 2 for the11s values ofr c and dEW ~which
lead to the weakest lower bound ong), both forAc50 and
for the 1s upper limit Ac50.30. The weakest 1s bound on
g in this case, as opposed to the case ofB0→K1p2, occurs
whenAc50, and isg>50°. As a result of the electrowea
penguin term, the value ofRc is not symmetric under the
replacementg→p2g, in contrast to the case ofR for B0

→K1p2. In Table IV we show the minimum values ofg

FIG. 2. Behavior ofRc for r c50.265 (1s upper limit! andAc

50 ~dashed curves! or uAcu50.30~solid curve! as a function of the
weak phaseg. Horizontal dashed lines denote61s experimental
limits on Rc . Upper branches of curves correspond to cosdc(cosg
2dEW),0, while lower branches correspond to cosdc(cosg2dEW)
.0. Here we have takendEW50.80@the 1s upper limit in Eq.~3!#,
which leads to the most conservative bound ong.
01300
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obtained on the basis of the 1s inequality Rc>1.13 for r c
50.23060.035 anddEW50.6560.15, both forAc50 and
for Ac50.3.

As in the case ofB0→K1p2, there is little difference on
the bounds one obtains for zeroCP asymmetry and for the
maximum allowed value. The greatest leverage on bou
would be provided by reducing the experimental error
Rc , with some additional help associated with reduction
the errors onr c anddEW . The limits of Table IV correspond
to the branches of the curves that would be chosen if cd
.0, as expected in some theoretical treatments@18#.

One can place a one-sided 1s limit on the strong phasedc
using the present range20.30<Ac<0.04. With

sindc52Ac /~2r c sing!, ~21!

g>32°, andr c>0.195 one has20.19<sindc<1.44, sodc
>211°. The upper limit on uAcu @equivalently, on
uACP(B1→K1p0)# must be reduced to about 2/3 of i
present value if a two-sided constraint ondc is to be ob-
tained.

VII. B0\p¿pÀ

The implications of the BaBar@7# limits on Spp andCpp

quoted in Table III have been partially explored in Ref.@29#.
Here we review these limits, discuss their implications
CKM parameters, and discuss prospects for their impro
ment.

As mentioned in Sec. III, the present experimental ra
~4! of B1→p1p0 and B0→p1p2 branching ratios is
somewhat larger than that expected from tree-domina
alone, even accounting for a color-suppressed contributio
the former process. For this reason, as well as for the purp
of estimating the ‘‘penguin pollution’’ correction to the time
dependentCP asymmetry inB0→p1p2, it is useful to es-
timate the ratiouP/Tu of penguin to tree amplitudes inDS
50 B decays. Using this estimate it is then possible to pla
limits on the weak phasea even given the crude limits on
Spp andCpp noted in Table III.

Many previous attempts have been made to estim
uP/Tu in a model-independent way, including an isosp
analysis requiring the measurement ofB1→p1p0, B0

→p0p0, and corresponding charge-conjugate decays@33#,
methods which use only part of the above information@34–
36#, and numerous applications of flavor SU~3! @9,37,38#.
There have been hints, based on earlier data, that the pen

TABLE IV. Minimum values of g ~in degrees! for Rc>1.13,
given central and61s values ofr c anddEW . First figure denotes
value with Ac50 while second figure denotes value withuAcu
50.30.

r c : 0.195 0.230 0.265
dEW :

0.50 75/82 71/74 68/70
0.65 66/74 62/67 60/62
0.80 57/68 53/59 50/54
4-5
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MICHAEL GRONAU AND JONATHAN L. ROSNER PHYSICAL REVIEW D65 013004
amplitude was interfering destructively with the tree inB0

→p1p2 @39#.
The method of Ref.@29# is capable in principle of giving

a good value ofuTu based on naive factorization and me
surement of the spectrum ofB→p ln nearq250, whereq2

is the squared effective mass of theln system. Present ex
perimental measurements and some theoretical estimat
form factor shapes based on lattice gauge theory lead t
estimateuTu52.760.6, where all amplitudes are quoted
square roots ofB0 branching ratios multiplied by 103. This is
the same value obtained@40# from B1→p1p0 with addi-
tional assumptions about the color-suppressed amplitude

The penguin amplitude can be estimated fromB1

→K0p1. The average of the branching ratios for that p
cess in Table II is

B~B1→K0p1!5~17.262.4!31026, ~22!

leading touP8u25(17.262.4)/r t , uP8u54.0260.28.
We now estimate the strangeness-preservingb̄→d̄ ampli-

tude uPu which is proportional to the CKM factorVcdVcb* in
our convention. We find

uP/P8u5UVcd

Vcs
U50.22, uPu.0.9160.06. ~23!

Assuming factorization of penguin amplitudes@18#, this es-
timate is corrected by an SU~3! breaking factor off p / f K and
becomesuPu.0.7460.05.

With the present method of estimating errors onuPu and
uTu, we then find uP/Tu50.3460.08 without introducing
SU~3! breaking in P/P8, or uP/Tu50.27660.064 when
SU~3! breaking inP/P8 is introduced throughf p / f K . The
latter number is to be compared with a value of 0.2
60.076 obtained by@18# on the basis of a theoretical calcu
lation which includes small annihilation corrections. A val
of 0.2660.09 was obtained@29# when definingP andP8 as
the amplitudes containingVtd andVts , respectively, without
introducing SU~3! breaking in the ratio of these amplitude

The decay amplitudes top1p2 for B0 and B̄0 are

A~B0→p1p2!52~ uTueidTeig1uPueidP!,

A~B̄0→p1p2!52~ uTueidTe2 ig1uPueidP!,
~24!

wheredT anddP are strong phases of the tree and peng
amplitudes, andd[dP2dT . The CP-averaged branching
ratio in Table II then implies

uTu21uPu212uTPucosg cosd54.460.9, ~25!

which suggests but does not prove, given our errors onuTu
and uPu, that the tree and penguin amplitudes are interfer
destructively with one another inB0→p1p2. For cosd.0
as favored theoretically@18#, this would require cosg,0,
which is not favored by CKM fits@16#.
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The BaBar Collaboration@7# has recently reported th
first results for theCP-violating asymmetries~10! in B0

→p1p2 decays. Our expressions for the decay amplitu
imply

lpp5e2iaS 11uP/Tueideig

11uP/Tueide2 igD . ~26!

In the absence of the penguin amplitude we would ha
Spp5sin(2a). If uP/TuÞ0 but d is small @18#, we have
Spp.sin(2aeff), whereaeff5a1Da, with

Da5tan21F uP/Tusing

11uP/TucosgG . ~27!

Using

tana5
h

h22r~12r!
, tanDa5

huP/Tu

Ar21h21ruP/Tu
,

~28!

we plot in Fig. 3 the61s contours of20.53<Spp<0.59,
along with other CKM constraints taken from Ref.@16#. The
1s Spp bounds exclude about half of the (r,h) parameter
space allowed by all other constraints. Similar constrai
under slightly different technical assumptions were obtain
in Ref. @29#.

The quantityCpp is also consistent at present with zer
Its observed range is not yet tightly enough constrained
provide much information, but reduction in errors will eve
tually be useful mainly in constraining the strong phase d
ferenced. For one such example, see Ref.@29#.

VIII. CONCLUSIONS

While a CP-violating indirect asymmetry~associated
with B0-B̄0 mixing! has been observed in the decaysB0

FIG. 3. Constraints on parameters of the CKM matrix. So
circles denote limits onuVub /Vcbu50.09060.025 from charmlessb

decays. Dashed arcs denote limits fromB0-B̄0 mixing. Dot-dashed

arc denotes limit fromBs-B̄s mixing. Dotted hyperbolae are asso

ciated with limits onCP-violating K0-K̄0 mixing ~the parametere).
Limits of 61s from CP asymmetries inB0→J/cKS leading to
sin(2b)50.7960.10 are shown by the solid rays. The small dash
lines represent the constraint due toSpp , with 0.21<uP/Tu<0.34.
The plotted point lies in the middle of the allowed region.
4-6
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→J/cKS, no direct asymmetries have yet been observed
B→Kp decays, and no asymmetries of any sort have b
seen inB→p1p2. Nonetheless, the present upper limits
Kp and pp asymmetries, crude as they are, already
beginning to provide useful information on CKM phases.
one example, the deviation of the ratio 2B(B1

→K1p0)/B(B1→K0p1) from 1 is able at the 1s level to
provide a lower boundg>50° independentlyof the CP
asymmetry in B1→K1p0. The proximity of the ratio
(t1 /t0)B(B0→K1p2)/B(B1→K0p1) to unity, when
combined with the expectation that the final-state stro
phase is small in theK1p2 system, allows one to exclude
range 31°<g<60° at the 1s level. Finally, the 61s
bounds onSpp allow one to exclude~at the 1s level!
roughly half of the parameter space in the (r,h) plane al-
lowed by other observables. The 1s bound g>60° is the
strongest constraint of these.

Uncertainties in theoretical parameters, including the
tios of tree to penguin amplitudes inB→Kp and B→pp,
should be reduced in the future with a larger amount of d
l.
s.

C
s.
B

r,

,

01300
in
n

e

g

-

a.

More severe constraints are expected for small rescatte
and color-suppressed electroweak amplitudes. With the
creased data samples expected to be available from B
and Belle, one can look forward to greatly improved lim
on CKM parameters from analyses such as ours even i
CP asymmetries are observed inB→Kp and B→pp de-
cays.
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