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Possible large directCP violations in charmlessB meson decays:
Summary report on the PQCD method
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We discuss the perturbative QCD approach for the exclusive two Badgson decays to light mesons. We
briefly review its ingredients and some important theoretical issues on the factorization approach. We show
numerical results which are compatible with present experimental data for chafhieeson decays. In
particular, we predict the possibility of large diré@® violation effects inB®— 7+ 7~ [(23+=7%)] andB°
— K"~ [(—17=5%)]. In the last section we investigate two methods to determine the weak phasesl
¢5 from B— 77, K7 processes. We obtain bounds ép and ¢5 from present experimental measurements.
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[. INTRODUCTION shown that the hard process is dominant. A hard gluon ex-
hange is needed to boost the spectator quahkch is almost
The aim of the study on weak decayBimesons is two- at resj to large momentum so that it can pair up with the fast
fold: (1) to determine precisely the elements of the Cabibbomoving quark to form a meson. Also, it can be shown that
Kobayashi-Maskaw&CKM) matrix [1,2] and to explore the the final-state interaction, if any, is calculable, i.e., soft gluon
origin of CP violation at a low energy scalé2) to under- exchanges between final-state hadrons are negligible.
stand the strong interaction physics related to the confine- So the process is dominated by one hard gluon exchanged
ment of quarks and gluons within hadrons. between a spectator quark and the quarks involved in the
The two tasks complement each other. An understanding/eak decay. It can be shown that all possible diagrams con-
of the connection between quarks and hadron properties istabuting to the decay amplitude can be cast into a convolu-
necessary prerequisite for a precise determination of thtion of this hard amplitude and meson wave functions.
CKM matrix elements and th&CP-violating Kobayashi- Let us start with the lowest-order diagram fBr— K.
Maskawa(KM) phaseg2]. There are diagrams that have infrared divergences. It can be
The theoretical description of hadronic weak decays isshown that the divergent parts can be absorbed into the light-
difficult since the nonperturbative QCD interaction is in- cone wave functions. Their finite pieces are absorbed into the
volved. This makes it difficult to seek the origin 6fP vio- hard part. Then in a natural way we can factorize the ampli-
lation at asymmetridB factories. In the case dB meson tude into two piecesG=H(Q,u)®®(m,u) where H con-
decays into two light mesons, the factorization approximatains the hard part of the dynamics and is calculable using
tion [3—6] offers some understanding of branching ratios. Inperturbation theoryd repesents a product of wave functions
the factorization approximation, it is argued that because thehich contains all the nonperturbative dynamics.
final-state mesons are moving so fast it is difficult to ex- Based on the perturbative QCD formalism developed by
change gluons. So soft final-state interactions can be neéBrodsky and Lepag¢l5] and Botts and Stermai6], the
glected(the color-transparency argumdiit8]), and we can three-scale factorization theorem can be provet], includ-
express the amplitude in terms of a product of decay coning the transverse momentum components which are carried
stants and transition form factors. These amplitudes are redby partons inside the meson.
This predicts vanishingC P asymmetries. In this approach, = We have three different scales: the electroweak scale
we cannot calculate nonfactorizable contributions and anninm,,, the hard interaction scate- Q(me), and the factor-
hilation contributions. ization scale 1 whereb is the conjugate variable of the
Recently two different QCD approaches beyond the naivgyarton transverse momenta. The dynamics beldwisléom-
and general factorization assumption were proposédl: pletely nonperturbative and can be parametrized into meson
QCD-factorization in the heavy quark imi®,10] in which  wave functions which are universal and process independent.
nonfactorizable terms and; are calculable in some cases; |n our analysis we use the results of light-cone distribution
(2) the perturbativéPQCD) approaci11-13 including the  amplitudes(LCDAs) by Ball [17,18 obtained with light-
resummation effects of the transverse momentum carried byone sum rule.
partons inside the meson. In this article, we discuss some The ampltitude in PQCD is expressed as
important theoretical issues in PQCD factorization and nu-
merical results for charmle$3 decays. 4

II. INGREDIENTS OF PQCD . (6%

A. Factorization in PQCD >

The idea of perturbative QCD is as follows. When a FIG. 1. The diagrams generating double logarithm corrections
heavy B-meson decays into two light mesons, it can befor the Sudakov resummation.
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FIG. 2. (a) Sudakov suppression factgh) Fractional contribution to thB— 4 transition form factoiF™ as a function ofxy(t)/ .

C. Threshold resummation

A~COXHO X D)X exr{—s(P,b) The other double logarithm iggIn%(1/x) from the end

point region of the momentum fraction[19]. This double
2 logarithm is generated by the corrections of the hard part in
Fig. 3. This double logarithm can be factored out of the hard
amplitude systematically, and its resummation introduces a
i . Sudakov factoiS;(x) = 1.7 x(1—x)]¢ with c~0.3 into the
where C(t) are Wilson coefficients,®(x) are meson pQcp factorization formula. The Sudakov factor from

t dM
- 2f1m7 'yq[ as(m)]

LCDAs, and the variable is the hard factorized scale. threshold resummation is universal, independent of the fla-
vors of internal quarks, the twists and topologies of the hard
B. Sudakov suppression effects amplitudes, and the decay modes.

h . ¢ di h . ¢ | Threshold resummation[19] and k, resummation

There is 2 set of diagrams that contain powers of double,g 5 7 arise from different subprocesses in PQCD factor-
logarithms Ir(Pb) (See Fig. 1. They come from the overlap j,4tion and suppress the end point contributions, making
of the collinear and soft divergence in the radiative COMeCpQOCD evaluation of exclusivB meson decays reliable. We
tions to the meson wave functions, whétes the dominant  int out that these resummation effects are crucial. Without
light-cone component of the meson momentum. these resummation effects, the PQCD predictions forBhe

Fortunately they can be summed. The summation of these, \ ¢y factors are infrared divergent. The resumma-
double logarithms leads to a Sudakov form factor expjon renders the amplitudes finite, and suppresses two-parton

[—s(P,b)] in Eq. (1), which suppresses the long distanceist-3 contributions to reasonable values.
contributions in the largeb region, and vanishes ab

>1/Agep-

The Sudakov factor can be understood as follows. Even a
single gluon emission does not allow the formation of an The power behaviors of various topologies of diagrams
exclusive final state. So the exclusive two-body decays arér two-body nonleptoni® meson decays with the Sudakov
proportional to the probability that no gluon is emitted dur- effects taken into account have been discussed in detail in
ing the hard process. The Sudakov factor leads to this prod22]. The relative importance is summarized below:
ability. When two quarks are far apafite., largeb, thus

D. Power counting rule in PQCD

smallk, ), their colors are no longer shielded. So when the emission: annihilation: nonfactorizaktd - 2mo_£
quarks undergo hard scattering they cannot help but emit soft ' ' "Mg Mg’
gluons. Since the Sudakov factor suppresses the dmall ©)

region,kf flowing into the hard amplitudes become large: . ) . )
with mg being the chiral symmetry breaking scale. The scale

(k2>~O(/TM 5) 2) my appears because the annihilation contributions are domi-
- nated by those from theV(— A)(V+A) penguin operators,
which survive under helicity suppression. In the heavy quark

<(€QQ.'099):

»— —

and the singularities are removed.

In earlier analysisk, and the Sudakov factor were ne-
glected and it was found that the amplitude is infrared sin-
gular. It is clear that such a naive analysis is in error.

Thanks to the Sudakov effect, all contributions to e
— ar form factor come from the region with,/7<0.3[12]
as shown in Fig. 2. This indicates that our PQCD results are FIG. 3. The diagrams generating double logarithm corrections
well within the perturbative region. for the threshold resummation.

4

éz.

I 3
0009000

200000

y

)

054009-2



POSSIBLE LARGE DIRECTCP VIOLATIONS IN . .. PHYSICAL REVIEW D 67, 054009 (2003

TABLE I. Amplitudes for theBl— 7" 7~ decay whereF (M) e
denotes factorizablénonfactorizablg contributions,P(T) denotes ,_T"’K ™K
the penguir(tree contributions, an@ denotes the annihilation con- —
tributions. Here we adoptegh;=80°, R,=p?+ 7°=0.38, mg b u b u
—1.4 GeV, andwg=0.40 GeV. 5 (\B AT TAES
ANV
Twist-2 Twist-3 .
Amplitude contribution contribution Total
Re(f . FT) 3.44x10°2 5.00< 102 8.44x 102
Im(f ,FT) - - -
Re(f.F") -1.26x10% —-476x10°% —-6.02x10°3
Im(f .FP) - - -
Re(fgFl) 2.52x10°° -3.3310°* —3.30x10°*
Im(fgFR) 8.72x10° 7 3.81x10°3 3.81x10°3
Re(MT) 7.26x10°4  —1.39x10°% —7.25x10°% ( Falt )
Im(MT) ~1.62¢10% -291x10°4  1.33x10°3 ’
Re(MP) —1.67x10°° 1.47x10°7 —1.66x10°°
Im(MP) —3.52x10°° 6.56x10° 8 —2.87x10°°
Re(M?) —7.37x10°°  2.50x10°° —7.12x107°
Im(MF) —3.13<10°° —2.04x10°° —517x10°°

- MaTP ~
limit the annihilation and nonfactorizable amplitudes are in-
deed power suppressed compared to the factorizable emis
sion ones. Therefore, the PQCD formalism for two-body
charmless nonleptoniB meson decays coincides with the
factorization approach ddg— . However, for the physical
value Mg~5 GeV, the annihilation contributions are essen- . -
tial. In Table I and Il we can easily check the relative size of \ " J
the different topologies in Eq.3) by the penguin contribu-
tion for W emission ¢,FF), annihilation (TBFZ) and non-
factorizable MP) contributions, as shown in Fig. 4. In par-
ticular, we show the relative size of the different twisted power of 1m,, because of the cancellation between a pair of
light-cone distribution-amplitudes for each topology. Actu- nonfactorizable diagrams, although each of them is of the
ally the twist-3 contributions are larger than the twist-2 con-same power as the factorizable one. | emphasize that it is
tributions. more appropriate to include the nonfactorizable contributions
Note that all the above topologies are of the same order iitn a complete formalism. The factorizable interielemis-
ag in PQCD. The nonfactorizable amplitudes are down by asion contributions are strongly suppressed by the vanishing

FIG. 4. Feynman diagrams f&— =7 andK decays.

TABLE II. Amplitudes for theB{—K " 7~ decay whereF(M) denotes factorizablénonfactorizablg
contributions,P(T) denotes the penguitiree contributions, anda denotes the annihilation contributions.
Here we adoptedh;=80°, R,=(p?+ 72=0.38.

Amplitudes Left-handed gluon exchange Right-handed gluon exchange Total
Re(f . F") 7.07x10°2 3.16x10°2 1.02x10°*
Im(f,FT) - - -

Re(f ,FP) —5.52x10°3 —2.44x10°3 —7.96x10°3
Im(f_FP) - - -
Re(fgFF) 4.13x10°* —6.51x1074 —2.38x1074
Im(fgFR) 2.73x10°3 1.68x10°3 4.41x10°3
ReMT) 7.06x10° 3 —7.17x10°3 —-1.11x10°*
Im(MT) —1.10x10 2 1.35x10°2 2.50x10°3
ReMP) —3.05x10°* 3.07x 1074 2.17x10°8
Im(MP) 4.50x10 4 —5.29x10°* —7.92x10°°
Re(MF) 2.03x10°° —1.37x10°* —1.16x10°*
Im(MF) —1.45<10°° —1.27x10°*4 —1.42}10°*4
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Wilson coefficienta, in theB— J/ 4K *) decayq23], so that & d 5 d
nonfactorizable contributions become doming2d]. In the u
B— D7 decays, there is no soft cancellation between a pair O Os

of nonfactorizable diagrams, and nonfactorizable contribu- Z @

tions are significanf23,25. d d d

In QCD factorizaionQCDF) the factorizable and nonfac-
torizable amplitudes are of the same power imgl/ but the
latter is of next-to-leading order imyg compared to the
former. Hence, QCDF approaches the factorization approacl
(FA) in the heavy quark limit in the sense af—0. Briefly
speaking, QCDF and PQCD have different counting rules
both in «g and in 1y, . The former approaches FA logarith-
mically (as<1/Inm,—0), while the latter approaches lin-
early (1imy—0).

<
IS ™}

ISP

(b)

IIl. THE COMPARISON OF PQCD AND QCDF d u d u
A. End point singularity and form factors % \‘@4%
If calculating theB— 7 form factor FB™ at large recoil & u b u

using the Brodsky-Lepage formaligi5,26], a difficulty im- 01 O
mediately occurs. The lowest-order diagram for the hard am- (o)

plitude is proportional to 1K1x§), X1 being the momentum
fraction associated with the spectator quark onBhmeson
side. If the pion distribution amplitude vanishes likg as
x3—0 (in the leading-twist, i.e., twist-2 cageFB™ is loga-
rithmically divergent. If the pion distribution amplitude is a efficientsC, «t) increases drastically as<Mg/2, while that
constant ax;— 0 (in the next-to-leading-twist, i.e., twist-3 0f Cy(t) remains almost constant, we can get large en-
Case, EB™ even becomes |inear|y divergent_ These end poinhancement effects from both Wilson coefficents and matrix
singularities also appeared in the evaluation of the nonfacto€lements in PQCD.

izable and annihilation amplitudes in QCDF mentioned !N general the amplitude can be expressed as

FIG. 5. Different sources of the strong phaga: Factorizable
annihilation,(b) BSS mechanism, an@) final-state interaction.

above. PV
When we include small parton transverse momeaqta Amp~[ay 5+ a,%= My (u)ae]-(K|O[B) (5)
we have
1 1 with the chiral factorsmg (u)=m3/[my(u)+my(u)] for

—— - pseudoscalr mesons amg =my for vector mesons. To ac-
X1X3Mpg (xsM3+k3, [ X1 xsM 3+ (Ky, —kg; )?] commodate thé8— K data in the factorization and QCD
(4)  factorization approaches, one relies on chiral enhancement
by increasing the masg,, to values as large as about 3 GeV
and the end point singularity is smeared out. at theuw=m, scale. So the two methods accommodate large
In PQCD, we can calculate analytically spacelike formpranching ratios oB— K and it is difficult for us to dis-
factors for theB— P,V transition and also timelike form tinguish between the two different methodsBa-PP de-

factors for the annihilation proce$&2,27. cays. However we can do it iB— PV because there is no
chiral factor in the LCDAs of the vector meson.
B. Strong phases We can test whether dynamical enhancement or chiral en-

hancement is responsible for the larBe-~ K« branching
ratios by measuring thB— ¢K modes. In these modes pen-
uin contributions dominate, such that their branching ratios
e insensitive to the variation of the unitarity angig.
ccording to recent work by Chereg al.[29], the branching
atio of B— ¢K is (2—7)x 10 8 including 30% annihila-
n contributions in the QCD factorization approach. How-
er, PQCD predicts 2010 ° [22,34. For B— ¢K* de-
cays, QCDF gets about>910 ¢ [30], but PQCD has 15
X 10" ® [35]. Because of these small branching ratios Bor
—PV and VV decays in the QCD factorization approach,
they cannot globally fit the experimental data #®+ PP,
As explained before, the hard scale is about 1.5 GeWP, andVV modes simultaneously with the same sets of

Since the renormalization group evolution of the Wilson co-free parametersply , ) and (pa,¢,) [31].

While strong phases in FA and QCDF come from the
Bander-Silverman-Soni mechanig®8] and from the final-
state interaction, the dominant strong phase in PQCD com
from the factorizable annihilation diagraihl-13 (see Fig. A
5). In fact, the two sources of strong phases in the FA anq
QCDF approaches are strongly suppressed by the char
mass threshold and by the end point behavior of meson wave,
functions. So the strong phase in QCDF is almost zero with
out soft annihilation contributions.

C. Dynamical penguin enhancement vs chiral enhancement

054009-4



POSSIBLE LARGE DIRECTCP VIOLATIONS IN . .. PHYSICAL REVIEW D 67, 054009 (2003

TABLE IIl. Branching ratios ofB— ma, Ko, andKK decays TABLE V. Branching ratios ofB— ¢K®*) decays with ¢;
with ¢3=80°, Ry,=1p’+7?°=0.38. Here we adoptedmi = 80°, Ry= Vp?+ 7?=0.38. Here we adoptenhy=1.3 GeV and
=1.3 GeV andm=1.7 GeV. Unit is 10°. (07/2002 data m§=1.7 GeV. Unit is 10°. (07/2002 data
Decay Decay Cleo Belle BaBar PQCD
channel Cleo Belle BaBar PQCD channel
mtaT 4318405 5412405 47:06+02 7.020  ¢K®  5573+06 11.233+014 7.715+08 10.237
mta® 5472115 7.4+23+09 551006 3713  ¢K° <123  89'37+10 813:x08 9.63
7070 <5.2 <6.4 <34 0301 ¢K*"  10.655°18 <36 9.7:33+17 16.03%

KEm® 17.2°25412 225¢1.9+18 17.9:09+0.7 15531  ¢K*° 1183518 1583+3 86 54+11 14937
KO7® 18.2°38+16 19.4-3.1+16 17.5715+1.3 16433
K*7°% 11.6"39'1% 13.0-25x13 12.871%2+10 91712
KOm® 14629724 80+32+1.6 8231+r12 86+0.3

allowed range of the shape parameter for Bameson wave
function aswg=0.36—0.44, which accommodates reasonable

KK iéi zgg jl)g 01"26 form factors FB7(0)=0.27-0.33 and=®¥(0)=0.31—0.40.
K;EO ' ' ' ' We use values of the chiral factor withj=1.3 GeV and
KK <13 <41 =73 1.4 mi=1.7 GeV. It can be seen that the branching ratios for

B—K(m)m [11-13,32, p(w) 7 [33], K¢ [22,34 K* ¢ [35]
andK* 7r [36] are in reasonable agreement with present ex-
perimental datdsee Tables IlI-V).

There is a folklore that the annihilation contribution is  In order to reduce theoretical uncertainties from the decay
negligible compared to that &/ emission. For this nonrea- constant of theB meson and from light-cone distribution
son the annihilation contribution was not included in the gen-amplitudes, we consider rates ©f-averaged branching ra-
eral factorization approach and the first paper on QCD factios, which are presented in Table VII.
torization by Beneket al.[9]. In fact there is a suppression
effect for the operators with structure/{A)(V—A) be- B. CP Asymmetry of B—sam, K
cause of a mechanism similar to the helicity suppression for

m— uv,. However, annihilation effects from the operatorstorized annihilation dia .
; o grams in the PQCD approach, we pre-
@) — + - . .
5,67 With the structure $—P)(S+P) via Fierz transfor wct large CP asymmetry (25%) in B *7~ decays

mation possess no such helicity suppression, and in additio R - 0 v
they lead to large imaginary values. The real part of theand about-15% CP violation effects inB"—~K™a~. The

factorized annihilation contribution becomes small becaustgetaIlled fri%?t'gg given |ntTaéJI(tthIII. Th[edpremze .mea—
there is a cancellation between the left- and right—hand—sidéuremen ot dire asymmetry(both magnitude and sign

gluon effects as shown in Table I. This mostly purely imagi-'S a crucial way to test factorization models which have dif-
nary annihilation amplitude is a main source of la@® ferent sources of strong phases. Our predictions for

asymmetry irB— "7~ andK "7~ . In Table VII below we fCP-asgmmet;y (():rDBf_’Kt(ﬂ 7rt_have a totally opposite sign
summarize the&C P asymmetry inB— K () decays. rom those of Q actorization.

D. Fat imaginary penguin in annihilation

Because we have a large imaginary contribution from fac-

V. NUMERICAL RESULTS V. DETERMINATION OF ¢, AND ¢; IN Bo 7w, Ka

One of the most exciting aspects of present-day high-
] energy physics is the exploration G violation in B-meson

The PQCD approach allows us to calculate the amplitudegecays, allowing us to overconstrain both sides and three
for charmlessB-meson decays in terms of light-cone distri- eak phases; (=), ¢, (=), and; (=) of the uni-

bution amplitudes up to twist 3. We focus on decays whosggity triangle of the CKM matrix and to check the possibility
branching ratios have already been measured. We take th# new physics.

A. Branching ratios and ratios of CP-averaged rates

TABLE IV. Branching ratios ofB—p# and w7 decays with TABLE VI. Branching ratios of B—K* 7 decays with ¢5
$»,=75°, Ry=1p>+ 7?=0.38. Here we adoptech=1.3 GeV  =80°, Ry=p?+ 7°=0.38. Here  we adopted mg
and wg=0.4 GeV. Unit is 10°. (07/2002 data =1.2-1.6 GeV andvg=0.36—0.44 GeV. Unit is 1¢°. (07/2002

data.
Decay Cleo Belle BaBar PQCD
Channel Decay
prme  276%%42 2088038 289+54:43 270 oo Cleo Belle BaBar  PQCD
pPm" 1043321 805307  24+8%3 5.4 K*0m*  7.6'35+1.6 16.233r2.4 155+34+18 10.0'33
pOr® - <5.3 <10.6 0.02 K*“x%  1675+2 - - 9.1°33
om* 11.333+14 422%+05 662+07 55 K** 70 - - - 3.2°13
wm° ~ - <3.0 0.01 K* 0770 - - - 2818

054009-5
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TABLE VII. Ratios of CP-averaged rates iB— K, 77 de-
cays with ¢3=80°, R,=0.38. Here we adoptechj=1.3 GeV
andmi=1.7 GeV.

Quantity Experiment PQCD QCDR7]
e
Brim"m") 0.25:0.04 0.30-0.69  0.5-1.9
Br(mK")
Br(m~K") 1.05-0.27 0.78-1.05  0.9-1.4
2Br(7°K%)
O +
2Br(7K") 125-022 077-1.60  0.9-1.3
Br(m*K°)
+ Ti*
MBIBIm K 074014 070-145  0.6-1.0

nB°) Br(7*KO)

The “gold-plated” modeB4— J/ /K¢ [39] which allows

PHYSICAL REVIEW D 67, 054009 (2003

The penguin term carries a different weak phase from the
dominant tree amplitude, which leads to a generalized form
of the time-dependent asymmetry:

TB(t)—at 7 )-T(BA)—7 7))

At)= ——
( IrB°t)—# 7 )+T(B(t) o 7")
=S,.,Si(Amt)—C_ . cogAmt) )
where
1_|)\71'17|2 ZIm()\ﬂ-w)
77'77:—2! 7T7T:—2 (8)
14|\ al 1+ pr

satisfy the relatiorC, +S. <1. Here

w
1+R.e'%e' 3

_ 2i(hopt Adpy) _ p2idhy| — 0" © 7

(©)

us to determinep, without any hadron uncertainty was re- With R;=|P./T| and the strong phase difference between

cently measured by the BaBar and Belle Collaboratdii:

penguin and tree amplitude$$=3dp—467. The time-

¢$,=(25.5+4.0) °. There are many other interesting chan-dependent asymmetry measurement provides two equations

nels with which we may achieve this goal by determinifig
and ¢4 [41].
In this paper, we focus on thB— 7+ 7~ and K« pro-

for C ., andS, in terms of three unknown variabl&s., 5,
and ¢,.

When we define R,,=Br(B°—#*7")/Br(B°

cesses, providing promising strategies to determine the weak, .+ 7-)| . whereBr stands for a branching ratio aver-

phases of¢, and ¢3, by using the perturbative QCD

method.

A. Extraction of ¢, from B—at a7~

Even though isospin analysis &— 7 can provide a
clean way to determineé,, it might be difficult in practice
because of the small branching ratioB¥— 7°#°. In reality

in order to determineb,, we can use the time-dependent rate
of B%(t)— =" #~ including sizable penguin contributions.

The amplitude can be written by using tb&onvention no-
tation:

AB— 7" 77 ) = Vi VyaAut Ve VedAct VipVidAr
= V:qud(Au_ A)+ V:bvcd(Ac_ Ay,

= —([Tcle'me' s+ |Ple'*P). (8)

TABLE VIIl. CP asymmetry inB— K, 77 decays with¢s
=40°-90°, R,=0.38. Here we adoptethj=1.3 GeV andmk
=1.7 GeV.

Direct Belle BaBar QCDF
Acp(%)  (07/02 (07/02 PQCD [38]
7K~ —6+9'S —10.2t50+16 —12.9~-219 5+9
7oK~ —2*+19+2 -9.0+9.0£1.0 —-10.0~-17.3 7£9
KO  46+15+2  —47+139 -06~-15 1*+1
mtmT 947 %+9 30+25+4 16.0~30.0 —6+12
mta®  30+30"§  —-3+18+2 0.0 0.0

aged overB® and B, the explicit expressions fo8,, and
C . are given by

R,»=1—2R.cosdcod ¢+ ¢,) +R2, (10)

R #S»»=5IiN2¢,+ 2R, Sin(¢1— ¢,) COSS
—RZsin2¢,, (12)
R, »Cnn=2R. SiN(;+ p5)sin . (12)

If we know R, and &, then ¢, can be determined by the
experimental data o€ ., versusS,..

Since PQCD provideR,=0.23" 39, and —41°< <
—32°, the allowed range ab, at the present stage is deter-
mined by 55 < ¢,<<100° as shown in Fig. 6.

According to the power counting rule in the PQCD ap-
proach[22], the factorizable annihilation contribution with
large imaginary part becomes subdominant and gives a nega-
tive strong phase from—im&(k?—xM3). Therefore we
have a relatively large strong phase in contrast to QCD fac-
torization (6~0 °) and predict a large direc@ P-violation
effect in B~ n "7~ with Acy(B®— 7" 77)=(23x£7)%,
which will be tested by a more precise experimental mea-
surement within two years. Since the data of the Belle Col-
laboration[42] are located outside the allowed physical re-
gions, we considered only the recent BaBar measurement
[43] with 90% C.L. interval taking into account the system-
atic errors

S,»=0.02-0.34£0.05 [ —0.54, +0.58],

C,,=—0.30+0.25-0.04 [—0.72, +0.12.
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FIG. 8. Plot of Rx versus ¢3 with ry=0.164, 0.201, and
FIG. 6. Plot ofC . versusS, . for various values ofp, with 0.238.

$,=25.5°, 0.18R;<0.30, and—41°<§<—32° in the PQCD

method. Here we consider the allowed experimental ranges of thg ¢« branching fraction may lead to nontrivial constraints

BaBar measurement within 90% C.L. Dark areas are allowed re- :
gions in the PQCD method for different, values. on the ¢ angle[44]. In order to determing s, we need one

more useful piece of information o@ P-violating rate dif-
The central point of the BaBar data correspondsdtp  ferenced45]. Let us introduce the following observables :
=78° in the PQCD method.

Denoting byA ¢, the deviation of¢, due to the penguin _ Br(B°—K*7w )7, 2
contribution, derived from Eq9), it can be determined with “TBIB Ko7 ) =1-=2r¢ cosdcosestri
known values ofR. and § by using the relationp;=180
— 1~ 5. In Fig. 7 we show the PQCD prediction of the =sirt ¢, (13
relation A ¢p, versus¢,. For allowed regions otp,= (55—

100) °, we haveA¢,=(8-16)°. The main uncertainty I(B°—K 7" —T(B°—K*7m)

comes from the uncertainty ¢¥,,|. The nonzero value of Ag= — P =Acp(B°

A¢, demonstrates sizable penguin contributions Bf F(B"—=K'7 )+ I(B"—K"m")

—m'm decay. — K77 )Re=—2rg sin¢3sind, (14)

; _ 0w+ — + KO0+
B. Bxtraction of ¢5 (=) from B'—K"@™ and B™—K'a wherer=|T'/P’| is the ratio of the tree to penguin ampli-

By using the tree-penguin interference BY—K™* 7~ tudes inB— K decays and= 67, — Sp/ is the strong phase
(~T'+P’) versusB"—K%" (~P’), the CP-averaged difference between tree and penguin amplitudes. After elimi-
nate sind in Egs.(8) and(9), we have

25
20 . ] Re=1+r3+\(4rgcodps—Ajcoles). (15
15
Here we obtairr x=0.201*=0.037 from the PQCD analysis
10 [12] and Ap=—0.110+0.065 by combining recent BaBar
5 measurements on th€P asymmetry of Bo—K* 7 :
R 5 Acp(BO*)K-F’iT_): —(10.2:5.01.6)% [43] with a
< present world averaged value Bk =1.10+0.15[46].

-5t 01=25.50 As shown in Fig. 8, we can constrain the allowed range of
0L R.=0231007 ] ¢3 with a 1o range of world averageRy as follows.
¢ TH00 For coss>0, ry=0.164 we can exclude 0<L¢p;<6°
-5 ¢ Bl ] and 24 °< ¢,<75°.
For cos6>0, r=0.201 we can exclude 0L ¢p3<6"°

2 and 27 < ¢5<75°.
g 30 50 %0 20 150 180 For coss>0, ry=0.238 we can exclude 0<L¢;<6°
5 and 34 < ¢3<75°.
For cos6<0, rx=0.164 we can exclude 0= ¢$;<6 °
FIG. 7. Plot of A¢, versus ¢, with ¢;=25.5°, 0.1&R, For cos6<0, rk=0.201 we can exclude 0L ¢;<6°
<0.30, and—41°<§<—32° in the PQCD method. and 35 < ¢py<51°.
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For cos6<0, rk=0.238 we can exclude 0=L¢;<6°
and 24 < ¢p3<62°.

be crucial for distinguishing our approach from others in
future precise measurements.

From Table I, we obtaip, =157°, §1,=1.4° and the We discussed two methods to determine the weak phases
negative value of co& cosé=—0.91. Therefore the maxi- ¢, and ¢3 within the PQCD approach througti) time-
mum value of the excluded region far; strongly depends dependent asymmetries B'— 7" 7~ [(23£7)%], (2) B
on the uncertainty ofV,,|. When we take the central value — K [(—17+5)%] processes via the penguin-tree inter-
of rk=0.201, ¢4 is allowed within the range of 51=2¢;  ference. We can get interesting bounds dnand ¢ from
<129°, because of the symmetric property betwBgrand  present experimental measurements. More detailed work on
coss, which is consistent with the result from the model- other methods iB— rar,K 7 [47] andD*) 7 processes will
independent CKM fit in thed, ) plane. appear elsewhere8].
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