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Strong and weak phases from time-dependent measurements ofB\pp
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Time dependence inB0(t)→p1p2 andB̄0(t)→p1p2 is utilized to obtain a maximal set of information on
strong and weak phases. One can thereby check theoretical predictions of a small strong phased between
penguin and tree amplitudes. A discrete ambiguity betweend.0 andd.p may be resolved by comparing the
observed charge-averaged branching ratio predicted for the tree amplitude alone, using measurements ofB
→p ln and factorization, or by direct comparison of Cabibbo-Kobayashi-Maskawa matrix parameters with
those determined by other means. It is found that with 150 fb21 from BaBar and Belle, this ambiguity will be
resolvable if no directCP violation is found. In the presence of directCP violation, the discrete ambiguity
betweend and p2d becomes less important, vanishing altogether asudu→p/2. The role of measurements
involving the lifetime difference between neutralB eigenstates is mentioned briefly.
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I. INTRODUCTION

The observation ofCP violation in decays ofB mesons to
J/c and neutral kaons@1,2# has inaugurated a new era in th
study of matter-antimatter asymmetries. Previously, s
asymmetries had been manifested only in the decays of
tral kaons and in the baryon asymmetry of the Universe.CP
violation in B and neutral kaon decays is described satisf
torily in terms of phases in the Cabibbo-Kobayashi-Maska
~CKM! matrix, but the baryon asymmetry of the Univer
apparently requires sources ofCP violation beyond the
CKM phases. There is thus great interest in testing the s
consistency of the CKM description through a variety
processes.

One key test of the CKM picture involves the decaysB0

→p1p2. The time dependence ofB0u initial→p1p2 and
B̄0u initial→p1p2 involves quantitiesSpp and Cpp which
are, respectively, coefficients of terms involving sinDmt and
cosDmt, and which depend in different ways on strong a
weak phases. The BaBar Collaboration reported the
measurement of these quantities@3#, recently updated to
Spp520.0560.3760.07 and Cpp520.0260.2960.07
@4#. The Belle Collaboration reportsSpp521.2120.2720.13

10.3810.16

andCpp520.9420.25
10.3160.09@2#, using BaBar’s sign conven

tion for Cpp . The averages areSpp520.6660.26 and
Cpp520.4960.21.

Both model-independent considerations@5,6# and explicit
calculations in QCD-improved factorization@7# indicate that
a crude measurement ofSpp around zero implies a signifi
cant restriction on CKM parameters if the strong phase
ference d between two amplitudes contributing toB0

→p1p2 is small (d.10° in @7#; see, however,@8#.! The
quantity Cpp provides information ond if the phase and
Cpp are both near zero, but a discrete ambiguity allows
phase to be nearp instead.

In the present paper we reexamine the decaysB0

→p1p2 to extract the maximum amount of informatio
0556-2821/2002/65~9!/093012~7!/$20.00 65 0930
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directly from data rather than relying on theoretical calcu
tions of strong phases. We find that if sind is small one can
resolve a discrete ambiguity betweend.0 and d.p by
comparing the measured branching ratio ofB0→p1p2 ~av-

eraged overB0 andB̄0) with that predicted in the absence o
the penguin amplitude. The latter can be obtained using
formation on the semileptonic processB→p ln assuming
factorization for color-favored processes, which appears
hold well under general circumstances@9#.

We find that with data foreseen within the next two yea
it should be possible to reduce theoretical and experime
errors to the level that a clear-cut choice can be made
tween the theoretically-favored prediction of smalld and the
possibility of d.p, assuming that the parameterCpp de-
scribing directCP violation in B0→p1p2 remains consis-
tent with zero. IfCpp;sind is found to be nonzero, direc
CP violation will have been demonstrated inB decays, a
significant achievement in itself. The sign ofCpp will then
determine the sign ofd. While the discrete ambiguity be
tweend andp2d then becomes harder to resolve, its effe
on CKM parameters becomes less important.

We recall notation forB0→p1p2 decays in Sec. II. The
dependence ofSpp and Cpp on weak and strong phases
exhibited in Sec. III. It is seen that whenuCppu is maximal,
there is little effect of any discrete ambiguity, since t
strong phased is close to6p/2, while whenCpp.0 the
discrete ambiguity betweend.0 andd.p results in very
different inferred weak phases. The use of the flav
averagedB0→p1p2 branching ratio to resolve this amb
guity is discussed in Sec. IV, while the CKM parameter
strictions implied by the observedSpp range are compared in
Sec. V ford50 andd5p.

One more observable, which we callDpp , obeysSpp
2

1Cpp
2 1Dpp

2 51, so its magnitude is fixed bySpp andCpp ,
but its sign provides new information. In principle, it is me
surable in the presence of a detectable width difference
tween neutralB meson mass eigenstates, as is shown in S
©2002 The American Physical Society12-1
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VI. However, we find that the sign ofDpp is always negative
for the allowed range of CKM parameters, and does not h
to resolve the discrete ambiguity. A positive value ofDpp

would signify new physics. We conclude in Sec. VII.

II. NOTATION

We use the same notation as in Ref.@5#, to which the
reader is referred for details. We defineT to be a color-
favored tree amplitude inB0→p1p2 andP to be a penguin
amplitude @10#. Using standard definitions of weak phas
~see, e.g.,@11#! a5f2 , b5f1, andg5f3, the decay am-
plitudes top1p2 for B0 and B̄0 are

A~B0→p1p2!52~ uTueidTeig1uPueidP!,
~1!

A~B̄0→p1p2!52~ uTueidTe2 ig1uPueidP!,

wheredT anddP are strong phases of the tree and peng
amplitudes, andd[dP2dT . Our convention will be to take
2p<d<p.

The coefficients of sinDmdt and cosDmdt measured in
time-dependentCP asymmetries ofp1p2 states produced
in asymmetrice1e2 collisions at theY(4S) are @12#

Spp[
2 Im~lpp!

11ulppu2
, Cpp[

12ulppu2

11ulppu2
, ~2!

where

lpp[e22ib
A~B̄0→p1p2!

A~B0→p1p2!
. ~3!

In addition we may define the quantity

Dpp[
2 Re~lpp!

11ulppu2
, ~4!

for which it is easily seen that

Spp
2 1Cpp

2 1Dpp
2 51,

~5!
implying Spp

2 1Cpp
2 <1.

The significance ofDpp will be discussed in Sec. VI.
Whend50 or p the quantitylpp becomes a pure phas

lpp5e2iaeff, aeff5a1Da, ~6!

Da5H arctan
uP/Tusing

11uP/Tucosg
~d50!,

2arctan
uP/Tusing

12uP/Tucosg
~d5p!.

~7!

In such casesSpp5sin(2aeff), Dpp5cos(2aeff).
The expressions~1! employ the phase convention i

which top quarks are integrated out in the short-distance
fective Hamiltonian and the unitarity relationVub* Vud
09301
lp

n
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1Vcb* Vcd52Vtb*Vtd is used, with theVub* Vud piece of the pen-
guin operator included in the tree amplitude@5#. Using these
expressions and substitutinga5p2b2g, we then may
write

lpp5e2iaS 11uP/Tueideig

11uP/Tueide2 igD . ~8!

The consequences of assumingd small, as predicted in Ref
@7#, were explored in Refs.@5,6#. In the former, it was shown
that even an earlier crude measurement@3# of Spp , taken at
1s, drastically reduced the allowed CKM parameter spa
In the latter, where a slightly different convention for pe
guin amplitudes was used, it was shown how to useSpp and
Cpp to determine weak and strong phases.

One needs a value ofuP/Tu to apply these expressions t
data. In Refs.@5# and@6# uPu was estimated using experimen
tal data onB1→K0p1 ~a process dominated by the pengu
amplitude aside from small annihilation contributions! and
flavor SU~3! including SU~3! symmetry breaking, whileuTu
was estimated using factorization and data onB→p ln. We
shall use the result of Ref.@5#, uP/Tu50.27660.064. Ref.@7#
found 0.28560.076, which included an estimate of annihil
tion, and Ref.@6# obtained 0.2660.08, based on a differen
phase convention for the penguin amplitude, without inclu
ing SU~3! breaking effects. The individual amplitudes o
Ref. @5#, in a convention in which their square gives aB0

branching ratio in units of 1026, are uTu52.760.6 anduPu
50.7460.05. We shall make use of them in Sec. IV.

It is most convenient to expressSpp , Cpp , andDpp in
terms of a, b, and d, using g5p2a2b, since whenP
50 one hasSpp5sin 2a andDpp5cos 2a. The value ofb
is fairly well known as a result of the recent measureme
by BaBar @1# and Belle @2#: sin 2b50.7860.08, b5(26
64)°. Defining

B̄~B0→p1p2![@B~B0→p1p2!1B~B̄0→p1p2!#/2,
~9!

Rpp[
B̄~B0→p1p2!

B̄~B0→p1p2!u tree

5122uP/Tucosd cos~a1b!1uP/Tu2,

~10!

explicit expressions forSpp , Cpp , andDpp are then

Spp5@sin 2a12uP/Tusin~b2a!cosd2uP/Tu2sin 2b#/Rpp

~11!

Cpp5@2uP/Tusin~a1b!sind#/Rpp , ~12!

Dpp5@cos 2a22uP/Tucos~b2a!cosd

1uP/Tu2cos 2b#/Rpp . ~13!
2-2
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STRONG AND WEAK PHASES FROM TIME-DEPENDENT . . . PHYSICAL REVIEW D 65 093012
The quantityRpp itself will be used in Sec. IV to resolve
discrete ambiguity, while the usefulness of the sign ofDpp

will be described in Sec. VI.
Note thatCpp is odd ind while Spp andDpp are even in

d. Within the present CKM framework one has 0,a1b
,p, implying sin(a1b).0, so that a measurement of no
zeroCpp will specify the sign ofd ~predicted in some the
oretical schemes@7#!.

We shall concentrate for the most part on a range of CK
parameters allowed by fits to weak decays, disregarding
possibility of new physics effects. Aside from the constrai
associated withSpp , it was found in Ref.@13# ~quoting@14#
and @15#; see also@5#! that sin 2a520.2460.72, implying
a5(97221

130)°, which we shall take as the ‘‘standard-mode
range.

One could regard the three equations forRpp , Spp , and
Cpp as specifying the three unknownsuP/Tu, d, and a
~given the rather good information onb). In what follows
we shall, rather, use the present constraints onuP/Tu men-
tioned above, first concentrating on what can be learned f
Spp andCpp alone and then using the information onRpp

both as a consistency check and to resolve discrete amb
ities. The information provided by the sign ofDpp will be
treated separately.

III. DEPENDENCE OF Spp AND Cpp ON a AND d

We display in Fig. 1 the values ofSpp and Cpp for a
roughly in the physical region, with2p<d<p. For any
fixed a, the locus of such points is a closed curve with t

FIG. 1. Values ofSpp and Cpp for representative values ofa
lying roughly in the physical region. Closed curves correspo
from right to left, to a560°, 75°, 90°, 105°, and 120°. Plotte
points on curves correspond tod590° (1 signs!, 0 ~diamonds!,
and 290° ~crosses!. The dashed circle denotes the boundSpp

2

1Cpp
2 <1. The plotted point with large errors corresponds to

average of the measurements@2,4# of Spp and Cpp . The central
valuesb526°, uP/Tu50.28 have been taken.
09301
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pointsd50 andd56p corresponding toCpp50 and with
Cpp(2d)52Cpp(d). A large negative value ofSpp , as
seems to be indicated by the Belle measurement@2#, favors
large values ofa. Negative values ofCpp imply a negative
d. The sum of squares ofSpp andCpp is always bounded by
1, and one can show that for any value ofd anda1b one
has uCppu<2uP/Tu/(11uP/Tu2). For a given value of a
1b the bound is stronger:

uCppu<
2uP/Tuusin~a1b!u

A~11uP/Tu2!224uP/Tu2cos2~a1b!
. ~14!

The corresponding plot for~mostly! unphysical values ofa
is shown in Fig. 2. If desired, one may map negative valu
of a into the interval@0,p# by the replacementa→a1p,
d→d6p, which leaves all expressions invariant. The co
ventional physical region is bounded by 0<a<p2b.

The closed curves in Fig. 1 have considerable depende
on d for a aroundp/2. One can show thatSpp becomes
independent ofd when cos 2a5uP/Tu2cos 2b. SinceuP/Tu2 is
small, these points area.p/4,3p/4. At such critical values
of a the curves degenerate into vertical lines. Fora5p
2b, one hasg50,Cpp50,Spp5sin 2a, and the curves col-
lapse to a point.

The curves in Figs. 1 and 2 were plotted for the cent
values b526°, uP/Tu50.28. Their dependence on61s
variations ofb is quite mild for a in the physical region,
while they are more sensitive to61s excursions ofuP/Tu,
as shown in Fig. 3.

Let us imagine a measurement ofSpp and Cpp which
reduces present errors by a factor ofA3. Given that the
present measurements are based on around a tota
100 fb21, one could envision such an improvement wh
both BaBar and Belle report values based on 150 fb21. Then

,
FIG. 2. Values ofSpp and Cpp for representative values ofa

lying mostly outside the physical region. Closed curves correspo
from left to right, to a5230°, 215°, 0°, 15°, and 30°. Othe
notation as in Fig. 1.
2-3
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MICHAEL GRONAU AND JONATHAN L. ROSNER PHYSICAL REVIEW D65 093012
the size of the error ellipse associated withSpp andCpp will
be small in comparison with that of the closed curves fora
in the vicinity of 90°, and measurement of these quantit
could provide useful information were it not for the fact th
every point in theSpp ,Cpp plane corresponds to sever
pairs a,d. The most important of these pairs occurs wh
both values ofa are in the physical region but one corr
sponds to a certain value ofd and the other~roughly! to p
2d. This discrete ambiguity is most severe~corresponding
to the most widely separated values ofa) when Cpp50,
corresponding tod50 or p. For example, in Fig. 1,Spp

5Cpp50 corresponds to botha.76° ~whend50) and to
a.105° ~whend5p). These values ofa are separated by
nearly 30°. We shall see in the next section how a meas
ment of the branching ratioB̄(B0→p1p2) can help resolve
this ambiguity.

Measuring a nonzero value forCpp determines the sign
of d, but leaves an ambiguity betweend and p2d. The
corresponding ambiguity in determininga becomes smalle
whend moves away from 0 andp. For maximal directCP
violation, corresponding toudu5p/2, one has sind561,
cosd50, and no discrete ambiguity. These cases corresp
to the envelope of the curves in Figs. 1–3, joining the poi
labeled with1 (d5p/2) or 3 (d52p/2).

IV. INFORMATION FROM DECAY RATE

The quantityRpp , defined in Eq.~10!, can help resolve
the discrete ambiguity betweend50 andd5p in the case
Cpp50, where such an ambiguity is most serious. It h
been frequently noted@16# that the central value of this quan
tity is less than 1, suggesting the possibility of destruct
interference between tree and penguin amplitudes. With
estimateuTu52.760.6 mentioned above, and with the e
perimental average@17# of CLEO, Belle, and BaBar branch

FIG. 3. Values ofSpp andCpp as functions ofa andd; same as
Fig. 1 exceptuP/Tu50.34 ~solid curves! and uP/Tu50.21 ~dot-
dashed curves!.
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ing ratios equal toB̄(B0→p1p2)5(4.660.8)31026, we
haveRpp50.6360.30, which lies suggestively but not con
clusively below 1. A value ofRpp,1 would imply cosd
,0 within the CKM framework, since all currently allowe
values ofg correspond to cosg.0. Furthermore, a value o
Rpp below 1 permits one to set a bound ona1b or on g,
which is independent ofd,

Rpp511~ uP/Tu1cosd cosg!22cos2d cos2g>sin2g,
~15!

similar to the Fleischer-Mannel bound inB→Kp @18#. At
the 1s level, this already impliesg<71° in the CKM frame-
work. In a more general framework,g>109° is also al-
lowed.

We show in Fig. 4 the dependence ofRpp anda on Spp

for the extreme casesd50 andd5p. For reference we also
exhibit the curves forudu5p/2. As mentioned, onlyCpp

depends on the sign ofd. Also shown are experimenta
points corresponding to present ranges ofRpp , a, andSpp .
If errors onSpp and Cpp are reduced by about a factor o
A3, and onRpp by a factor of about three, as would b
possible with a sample of 150 fb21 for each experiment, one
can see a constraint emerging which would favor one or
other choices ford. We discussed reduction of errors onSpp

FIG. 4. Values of~a! Rpp and~b! a as functions ofSpp for the
casesd50 andd5p leading toCpp50 ~solid lines!, and for udu
5p/2 ~dashed lines!. The plotted points correspond to experimen
values ofSpp and~a! Rpp or ~b! a. Other parameters as in Fig. 1
For these sets of parametersDpp,0; whenCpp50 one hasDpp

52(12Spp
2 )1/2.
2-4
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and Cpp already. The corresponding reduction forRpp re-
quires reduction of errors onuTu2 and B̄(B0→p1p2) from
their present values of 44% and 17%, respectively, eac
about 10%, which was shown in Ref.@6# to be possible with
100 fb21.

V. COMPARISON WITH CKM PARAMETERS
DETERMINED BY OTHER MEANS

In Ref. @5# we compared the region of CKM paramete
allowed by data on various weak transitions with that i
plied by the first observed range ofSpp @3# anduP/Tu for the
cased50. In Fig. 5 we reproduce that plot, corresponding
present 1s limits on Spp and uP/Tu values in the range
0.21<uP/Tu<0.34, along with the cased5p.

The cased5p is seen to exclude a large region of th
otherwise-allowed parameter space, whiled50 is compat-
ible with nearly the whole otherwise-allowed range.
course this does not permit a distinction at present betw
the two solutions, but it illustrates the potential of improv
data. Turning things around, the examples in Fig. 5 co
sponding tod50 andd5p illustrate the importance of ex
cluding one of these two values by means of the ratioRpp .
Values 0,udu,p with CppÞ0 correspond to constraint
intermediate between those ford50 andd5p.

The present (r,h) constraints differ from those in Refs
@5,6# based on the earlier BaBar data@3#, which were con-
sistent~as are the present BaBar data@4#! with vanishingSpp

andCpp . In that cased.0 led to a significant restriction in
the (r,h) plane, permitting only low values ofr, while d
.p would have been consistent with nearly the whole

FIG. 5. Plot in the (r,h) plane of regions allowed by the ob
served 1s ranges20.92<Spp<20.40 and 0.21<uP/Tu<0.34 for
d50 ~small dashes! and d5p ~large dashes!, compared with the
region allowed by other constraints~solid lines!. Bottom solid line:
lower bound onb. Upper left solid line: upper bound oneK . Upper
right solid line: upper bound onuVubu. Right-hand solid line: lower
bound onDmd .
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lowed (r,h) region ~as well as with the present data o
Rpp).

VI. INFORMATION FROM WIDTH DIFFERENCE

The quantityDpp appears with equal contributions in th
time-dependent decay rates ofB0 or B̄0 to a CP eigenstate,
when the width differenceDGd[GL2GH between neutralB
mass eigenstates is nonzero@19#:

G„B0~ t !→p1p2
…}e2Gdt@cosh~DGdt/2!

2Dppsinh~DGdt/2!

1Cppcos~Dmdt !2Sppsin~Dmdt !#.

~16!

Width difference effects in theBs–B̄s system were investi-
gated some time ago in time-dependentBs decays@19,20#.
The feasibility of measuring correspondingDGd effects in
B0 decays, expected to be much smaller but having a w
defined sign (DGd.0) in the CKM framework, was studied
very recently @21#. While a measurement ofDpp in B
→p1p2 is unfeasible in near-future experiments because
the very small value ofDGd (DGd /Gd,1%), wewill dis-
cuss the theoretical consequence of such a measurem
This brief study and its conclusion seem to be generic t
broad class of processes, including the U-spin related de
Bs(t)→K1K2 @22#, in which width difference effects are
much larger@23#.

In the absence ofP, one just hasSpp5sin(2a), Dpp

5cos(2a), so the two quantities are out of phase with resp
to one another byp/4 in a. This reduces part of the amb
guity in determininga from the mixing-induced asymmetry
The same is true whend50 or p, since thena is replaced
by aeff as noted in the previous section.

The dependences ofSpp andDpp on d for fixed a also
are out of phase with respect to one another, in the follow
sense. WhenSpp is most sensitive tod, Dpp is least sensi-
tive, and vice versa. One can show, for example, thatDpp is
completely independent ofd when

sin 2a52uP/Tu2sin 2b, ~17!

which corresponds, sinceuP/Tu2 is small, to values ofa near
0, p/2, andp. Recall that the corresponding values forSpp

were nearp/4 and 3p/4. Conversely, whereasSpp is maxi-
mally sensitive tod neara5p/2, Dpp is maximally sensi-
tive to d neara5p/4 and 3p/4.

In the absence of the penguin amplitudeDpp would just
be cos 2a. Sincea is not too far fromp/2 in its currently
allowed range,Dpp remains negative in this entire rang
also in the presence of the penguin amplitude. Positive
ues ofDpp are obtained for values ofa which are excluded
in the CKM framework. For the valuesd50 and d5p,
whenCpp50, one hasDpp52(12Spp

2 )1/2. For these val-
ues of d, Spp is seen in Fig. 1 to lie in the range21.0
,Spp<1.0, implying21.0<Dpp<0. Since in the standard
2-5
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model one expectsDpp to be negative, positiveDpp ,
obtained for unphysical values ofa, would signify new
physics.

VII. CONCLUSIONS

We have investigated the information about the we
phasea and the strong phased between penguin~P! and tree
~T! amplitudes which can be obtained from the quantit
Spp and Cpp measured in the time-dependent decaysB0

→p1p2 and B̄0→p1p2. One has a number of discre
ambiguities associated with the mapping (Spp ,Cpp)
→(a,d). These appear to be most severe whenCpp.0,
since very different values ofa can be associated withd
.0 and d.p. We have shown that under such circum
stances these ambiguities are resolved by sufficiently a
rate measurements of the ratioRpp of the flavor-averaged
B0→p1p2 branching ratio to its predicted value due to t
tree amplitude alone. At present this ratio appears to be
than 1, but with large errors. Reduction of present errors
Spp and Cpp by a factor ofA3 and onRpp by a factor of
three will have significant impact on these phase determ
tions. If a nonzero value ofCpp is found, the discrete ambi
guity becomes less important, vanishing altogether w
udu5p/2.

A small value ofRpp , around its present central valu
would favord5p over d50, as shown in Fig. 4~a!. A large
negative value ofSpp , as indicated by the Belle measur
ment@2#, favors large values ofa, in particular ifd.p. This
is demonstrated in Fig. 3 and Fig. 4~b!. Correspondingly, Fig.
5 shows that low values ofr are excluded in the latter cas
This figure, drawn also for the cased50, illustrates the im-
portant role of the measurement ofSpp and the knowledge
of d in determining the CKM parametersr andh.

Another parameter, calledDpp here, equal to6(1
i

-
ed

o

-
ed

da

.Y
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2Spp
2 2Cpp

2 )1/2, is measurable in principle in time-depende
B0→p1p2 decays if effects of the difference betwee
widths of mass eigenstates can be discerned. The sig
Dpp is enough to resolve a discrete ambiguity between v
ues ofa expected in the standard model~corresponding to
Dpp negative! and unphysicala ~corresponding toDpp
positive!.

As has been noted previously@16#, there are hints of de-
structive tree-penguin interference inB0→p1p2, which
may be difficult to reconcile with the favored range of CK
parameters without invoking large values ofd. If this inter-
esting situation persists, one may for the first time encoun
an inconsistency in the CKM description ofCP violation,
which often assumes small strong phases. Improved ti
dependent measurements ofB0→p1p2 will be of great
help in resolving this question. Given that standard mo
fits @13–15# prefer cosg.0, a value ofRpp significantly less
than 1 in the absence of any other evidence for larged also
could call into question the applicability of factorization
B0→p1p2 @5#. More accurate measurements of the sp
trum in B→p ln @6# and more accurate tests of factorizatio
in other color-favored processes@9# will help to check this
possibility.

ACKNOWLEDGMENTS

J.L.R. wishes to thank the Physics Department of
Technion for its warm hospitality. We thank the CER
Theory Group and the organizers of the CERN Workshop
the CKM Unitarity Triangle for hospitality during part of thi
work. The research of J.L.R. was supported in part by
United States Department of Energy through Grant No.
FG02 90ER40560. This work was partially supported by
Israel Science Foundation founded by the Israel Academ
Sciences and Humanities and by the US-Israel Binatio
Science Foundation through Grant No. 98-00237.
r,

,
ys-

ur.
-
rnia,

;

@1# BaBar Collaboration, B. Aubertet al., SLAC Report No.
SLAC-PUB-9153, hep-ex/0203007. Earlier results are given
BaBar Collaboration, B. Aubertet al., Phys. Rev. Lett.87,
091801~2001!.

@2# Belle Collaboration, talk by K. Trabelsi at XXXVIIth Rencon
tres de Moriond on Electroweak Interactions and Unifi
Theories, Les Arcs, France, 2002; K. Abeet al., Belle Report
2002-8, hep-ex/0204002. Earlier results are given in Belle C
laboration, K. Abeet al., Phys. Rev. Lett.87, 091802~2001!;
hep-ex/0202027.

@3# BaBar Collaboration, B. Aubertet al., Phys. Rev. D65,
051502~R! ~2002!.

@4# BaBar Collaboration, talk by A. Farbin at XXXVIIth Rencon
tres de Moriond on Electroweak Interactions and Unifi
Theories, Les Arcs, France, 2002.

@5# M. Gronau and J.L. Rosner, Phys. Rev. D65, 013004~2002!.
@6# Z. Luo and J.L. Rosner, Phys. Rev. D65, 054027~2002!.
@7# M. Beneke, G. Buchalla, M. Neubert, and C.T. Sachraj

Nucl. Phys.B606, 245 ~2001!.
@8# A larger phase with the opposite sign was calculated by Y
n

l-

,

.

Keum and H.N. Li, Phys. Rev. D63, 074006~2001!, and by
A.I. Sanda and K. Ukai, Prog. Theor. Phys.107, 421 ~2002!.

@9# Z. Luo and J.L. Rosner, Phys. Rev. D64, 094001~2001!.
@10# M. Gronau, O.F. Herna´ndez, D. London, and J.L. Rosne

Phys. Rev. D50, 4529~1994!; 52, 6374~1995!.
@11# Particle Data Group, D.E. Groomet al., Eur. Phys. J. C15, 1

~2000!.
@12# M. Gronau, Phys. Rev. Lett.63, 1451~1989!.
@13# M. Beneke, RWTH Aachen Report No. PITHA 02/03

hep-ph/0201137, talk presented at the International Europh
ics Conference on High Energy Physics, Budapest, 2001.
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