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Motivated by recent measurements, we investigate 7,K7 decay modes in the framework of QCD
improved factorization, which was recently proposed by Beretlka. We find that all the measured branching
ratios are well accommodated in the reasonable parameter space excBpt kt7°. We also discuss in
detail the strong penguin contributions and @) corrections to the chirally enhanced terms. We find that
the weak phase lies in the region 120% y<<240°, which is mainly constrained — 7~ 7.

PACS numbgs): 13.25.Hw, 12.15.Hh, 12.38.Bx

[. INTRODUCTION order of ag in the formula of Eq(1), then the naive factor-
ization would be reproduced. Another consequence of Eg.
It is well known that the theoretical description of nonlep- (1) is that the final state interactions may be computable and
tonic B decays is an extreme challenge, due to the nonpem@ppear to be the imaginary part of the hard scattering ampli-
turbative nature of both initial and final mesons. A goodtudes.

understanding of th& nonleptonic decays, or at least a reli- | this work, we extend the formalism ®— K decays
able estimation, is the prerequisite for extracting meaningfu(Lmd recalculateB — o decays with electroweak penguin

implications from experimental data and for testing the stane,ihytions. We also present detailed discussions about the
dard model(SM). In past years, some advances have beey ,nq nenguin contributions and therefore we obtain the cor-
made toward the goal, for example, in Rejfs=3]. rections to the chiral enhanced terms, which are found free of
Recently, Beneke, Bu_challa, Neu_ber;, and Sachrpjda infrared divergence. We point out that there is large cancel-
have presented a promising factorization formula for thegiqn petween the strong penguin hard scattering amplitudes

charmless nonleptonid decays. The basic object in the cal—_ and its contributions are small. Prospects of obserdi®

culation of B charmless nonleptonic decays is the hadron"i/iolation in those decav modes are also discussed
matrix elementM,(p1)M2(p,)|Oi|B(p)), whereO; is the y '

effective operator inducing the decay,; is the final meson
absorbing the light spectator quark from tBemeson, and
M is another light meson flying fast from tiequark decay First we begin with the weak effective Hamiltoniddy
point as implied byO;. The light spectator quark is trans- for the AB=1 transitions a$5]

lated softly toM, and this effect could be taken to the non-

Il. CALCULATIONS

perturbative form factoFf;Ml unless it undergoes a hard ” _% VoV ﬁ c O“+§ C.O4+C.0
interaction. The quark pair, forminiyl,, ejected fromb de- e“_\/i ubYuql & i T MM e

cay point carrying large energy of order i, will involve

hard interaction, since soft gluon with momentum of order . z . 10

Agcp Will decouple from the quark pair at leading order in +VepVeq Zl CiOi +i:23 CiOi+CyOq || (2
Agcp/My in the heavy quark limit. The essence of the argu-

ment of Ref[4] can be summarized by the improved factor- For convenience, we list the operatorstyy for b—q be-

ization formula low:
(M1(p1)M2(p2)|Oi[B(p)) OY=0.¥"Lu,-ugy,Lbg, 3
1 _ _
= FB*Ml(Mg)J dXTi(X) b (X) 05=0,¥"Lug-Ugy,Lb,,
0

! Og.:aa'y'ul—ca'gﬁ'y Lbﬁl
¥ JOdxdydzf<x,y,z)¢>Ml<x>¢>M2(y)¢>s<z>, ¢
Og: qa"y'ul-cﬁ' CﬁyﬂLba ’

D
where ¢p(x) are theP meson’s light-cone distribution am- 03=0,7"Lb, > azy,Lay,
plitudes (DAs). The hard amplitude3!" can be perturba- q’

tively expanded inag(m,) and can be obtained from the
calculations of the diagrams in Fig. 1. It is interesting to note 04:aa7“|—bﬁ' > a,,B'y,quz,r’
that T! would be unity andT!' would be absent at zeroth a
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(=) (b) (© (@ FIG. 1. Orderag corrections to
the hard scattering kerneTé (a)—
I
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_ _ Hereq=d,s and @' €{u,d,s,c,b}). @ andB are theSU(3)
Oszqcﬂ’”Lba'Z dpY.Rs, color indices and\/;, A=1, ...,8 are theGell-Mann ma-
q trices; L andR are the left- and right-handed projection op-
_ _ erators withL=(1—ys), R=(1+ ys), andGﬁ,, denotes the
Os=0q, Yy Lbg- > ApYuRA,, gluonic field strength tensor. The Wilson coefficients evalu-
a’ ated atu=mj scale arg5]

3— — = = —
07:§qa7’MLba'2 eq/%)’#Rq};, C,=1.082, C, 0.185,
q/

C;=0.014, C,=-0.035,

3 _
Os:_anMLb/;'E eq/Q,%?’ungv
2 py C5=0.009, Cgz=—0.041,

3 — , C,=—0.002/137, Cg=0.054/137,
ngzqa‘y#Lba'z eq’Qﬁyquﬁ! &
a Co=—1.292/137, C,,=—0.262/137,

3— 7 ’
O10=50a7Lbg" 2 €qpy,Ld;, Cy=0.143 @
qI
5 A After direct calculations, we get the hard scattering for the
= (94/87%) My d, o* R(M,,/2) bGh, . decay modes listed as follows:

E ViqVarlal( qy,Lu)@(uy*Lb)+al(uy,Lu)®(qy*Lb)+al(q’y,Lq" )@ (qy“Lb)+al(qy,Lq’)

ﬁ p=u
®(qy'*Lb)+al(q’ v,Rq)®(qy“Lb)+al(—2)(qRq)®(q'Lb)+ab3 e, (q’ v,RY )@ (qy“Lb)
+(—2)(al3 eq+ag)(ARY)®(q'Lb)+ab 3 e, (q ¥,La" )@ (qy Lb) + (a3 ey +ale) (ay,La ) ®(q y*Lb)],

(5

where the symbolp denotes(M;M,|j,®j|B)=(M,|j,|0)}(M,|j1|B). The effectiveal’s which contain next-to-leading
order (NLO) coefficients and)(«s) hard scattering corrections are found to be

a$,=0, a’=a’, i=35,7,8,9,10,8,1C8, (6)

C2 as CF
S A Vv v
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Cl ag CF

ag=C2+ EWClFMZ'

C4 as CF

C4FM2

b
o C;:
ag:C4+ S |:

N T 77 Nl CalFm, TG, (Sq)+ Gy (Sp) 1+ CaGu(Sp) +(Cat CG)ZU G, (s1) +C4Gw, g

C+_6+_S—FC -F —-12
5 N A N 6( M, )1
b

C1G,(Sp) T C3[ Gy, (Sq) + Gy, (Sb)]+(C4+CG)E Gh,.g(s) +CyG, g

0 Gs
6+W+4 N

b 3
(Co+Cu), 5 &G (50 + Coqe:Gha, (5 + G (sm]

< Cr 32 3
al=7, v | (Cet Cr0)3 2 €Gum,(s1)+CozleGum,(s)) +exCu,(su)]],

where gq=d,s. q’=u,d,s and f=u,d,s,c,b. Cg=(N? 19
—1)/(2N) andN=3 is the number of colors. The internal G'V'zvgz_f dx:¢M2(x), 9
quark mass in the penguin diagrams entersfasmf/mﬁ. 0 X

x=1-x andu=1—u:
2 4 u 1
GMz(sq)=§—§ln—+4J0 dxem,(X)

Fu,=—121n-- 18+ 1), +fl, | @ )
b ><J du uUIn[sq—uK—ie], (10
0
2X
f:v|2 fdxg(x)qSM (x), g(x)= 3 In x—3i, - 3
Gaﬂz,f—fodxzwz(x):—g, (11
0 _47r2 Y fB ¢s(2)
f'V'z N fB*)Ml(O)MZ f dz z Gu (sq) In—+3j dxq&,\,I (x)
1 v, (X) 1d ém,(Y) Xfld Ginfs. — Ui 12
xfodx " f y y (8) . uuuln[sy—uux—ie], (12
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where ¢(x) and ¢°(x) are the meson’s leading-twist DA quarks are treated as free qurks at first, IR divergence will
and twist-3 DA, respectively. It should be noted that we haveappear. In the case of free quarks, one can get the hard am-
includedO(as) corrections tag in Eq. (6). Although theag  plitudes of Fig. 1f) as

term in Eq.(5) is formally 1M, suppressed, it is chirally

enhanced byp= ME,/(mqwL mg:) and known to be impor- mﬁ — _

tant to interpret the CEL(Q6] measurement. As a result the Hi~ @ diy.(1—ys)b;q; ¥ a;

O(as) correction toag would be the most important one

among the corrections @ . We see that there are logarithm mg _ . _
terms Inu/m, appearing in Eqg7)—(12), which is the result ~ —[div, (1= ys)b; aj ¥ (1= y5)qi +diy,
of one loop integration. If the scaje is chosen to be small, k

the logarithm would be large and has to be resummed by —
using the renormalization group method. In this paper we X(1=ys)bjq;y*(1+ ys)ail. (14
chooseu=m,, then the logarithm disappeared and the re-
summation is not necessary. As a result, the effective coeft this stage the quark paid is in color-singlet configura-
ficientsaP’s are obtained to the order of(my) corrections  tiOn. After Fierz rearrangement, one gets
(see also in Ref.7]).

We realize that the contribution of the strong penguins mp — —
depicted in Figs. (e) and Xf) to ag could be reliably esti- He~ F[d”’#(l_ 5)0i®0;7*(1~ v5)b;
mated without IR divergence. As an example, we show the
contribution of Fig. If) in the following. With the assign- _oq o (1 ,
ment of the vertexs,sif v um,ys#°(X)/4N to M, and its 2di(1+v5)qi®Qq;(1— vs5)bj]. (15

constituents, we can get the hard amplitudes of Fif).ds  From the above equation we can see that Fif).contributes
to a, and ag equally and its contribution is IR divergent
3(1— X)mb when k?>—0 in free quark approach. Phenomenologically,
one may have to trea® as a parameter. In the framework
employed here, the virtuality of the gluon is convoluted with

2

Hi~ify ,U«M24 NJ dx¢°(x)

Xavﬂ(l—%)bi the meson’s DA. Furthermore, The NLO strong penguin
. contributions toa, andag terms are different.

o _ . 0 Finally, the chirally enhanced contributions from Figs.

67,1 )by fo dx™(x). (13 1(g) and 1h) to ag are canceled when they are summed up.

One can easily see this cancellation by putting both the
We can see that the end point IR divergence ik?1fk?  |eading-twist DA and twist-3 DA@(x) and ¢°(x) to Figs.
=(1-x) mﬁ] is canceled by the term (1x) in the numera- 1(g) and Xh) and calculating these two diagrams. Because
tor and the amplitude is finite. For the amplitude of Fige)l  ¢°(x) gives the chirally enhanced contributions, one can
it is easy to note that the denominat@rof the gluon propa- easily see that these contributions are canceled.
gator is canceled by the quark loop and the integration of With Egs.(5) and(6), we can write down the amplitudes
féde(sf) is also finite itself. However, if all the external of B— 77 andK = decays

G )
/\/l(ggﬂw+ W_)ZT;” AME=MZ)FB=7(0)|\V,p|{Rye @] +aj+ajytale+ R, (ag+ag+ag,)]
—[ag+ajytaj,tR.(ag+ag+ag.)l}, (16)

M(BY— 7070 = —|f,7(|v|2 M2)FB=T(0)|A V)|

o

) 3 1
X Rye™ " —aj+ay+ Ea#—za 2a10+a10a+R 0 2a8+a8a
c ¢ 3 1
—la,+ 587~ za 2a10+alOa+R 0 2a8+a8a (17)

— G .
M(By =707 )= if (Mg = M2)FE=T(0) A Vey| { Rye ™7

3
u u u u u 2
a;ta,+ 5(—a7+ R,ag+ag+ajy

3
—5l-ar+ Rwoa§+ag+a§0)]], (18
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3 3
> (ay-a) |- 5 (at-a))

— G A
M(§8—>K°w°)=7Fifw(M§—Mi)FB*K(O)(l—A2)|Vcb|[Rk’)e‘”/

G ) 1 1
—{iné—Mi)FBﬂ<0><1—x2>|vcbl[Rt’,e" —a,—Ry| a5~ 583+ 8| + 5210~ Al
C Cc 1 C C C
+ _a4_RK a6_§a8+a8a +§a10_alm ] (19)

G )
MBG=K ™7 ) =—Zif (ME=ME)F®(0)(1-\*) Verl (Ree ™ [af +af+ Re(ag+ aj +aqa) + ali+ ale]

%

X[a3+Rk(ag+ag) +ajptajel}, (20

_ G )
M(By =K 70 =—-if(Ma=M2)FE=7(0)(1-A3)| Vel {Rie™ [ aj+ai+ Re(ag+ a3+ asa) + alo+ all

2

G N
X [ag+Ry(ag+ag+ag,) +ajo+ajel}+ 5 if (M= Mﬁ)FBHK(O)( 1- = Vel

X

3 3
a;+5(ag—ay) +§(ag—a§)}, 2Y)

Rpe

1
u u
— 50t A1

1
u u
36— 53gT Aga

ay+ Ry

- G A2 .
M(BU_HKOW_)=—FifK(MZB— MET)FBM(O)(l— 7) |vcb|[ Rie '

J2 2 2
1 1
+| aj+ +Rg| ag— Eang aga| — §a§0+a§0a : (22)
|
where M.=1.4 GeV,
32
Ry S M2 Vun m,=4.0 MeV, My=9.0 MeV,
A Vep
and M,=80 MeV.
A Vb For the leading-twist DA®(x) and the twist-3 DA$Y(x) of
{)=1 )\2/2\/— . K and 7, we use the well known asymptotic form of these
- cb

DA [9,10]

Ve, Vug, andV g are chosen to be real andis the phase of

— _ 0 _
V:b-)\:|Vus|:O-2196-RP:2MP- ¢7,K(X)_6X(1 X)a ‘rbﬂ-,K(X) 1. (23)

For B meson, the wave function is chosen as that used in

I1l. NUMERICAL CALCULATIONS AND DISCUSSIONS
OF RESULTS Refs.[11,12
In the numerical calculations we ugg] |\/|ZBX2
Be(X)=Ngx*(1—x)?expg — —5|, (24)
f,=0.133 GeV, f(=0.158 GeV, 203
fg=0.180 GeV, with wg=0.4 GeV, and\g is the normalization constant to
make fjdx¢g(x)=1. Here the decay constant in the wave
7(BT)=1.65x10 1% s, 7(B%=1.56x10 *? s, function has been factored out. So the wave function can be
normalized to 1. It is also necessary to note tiha{x) is
Mg=5.2792 GeV, M,=4.8 GeV, strongly peaked aroundl=0.1. This character is consistent

094020-5
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TABLE I. The QCD coefficientsaP at NLO for renormalization  [13,14] in both real and imaginary part because of the con-
scalep=my, (in units of 10°* for a,, . .. ,a;0). Results from dif-  tribution of Figs. 1g) and Xh). So, theoretical predictions

ferent references are shown for comparison. for the decays dominated by, may be very different be-
tween naive factorization approach and QCD improved fac-

ours (4] [13] [14] torization approach. Numerically, we find that tk#( )
a, 1.042+0.014 1.038+0.018 1.05 1.46 strong penguin contributions which coI_IectedaQ and ag
a, 0.046-0.084 0.082-0.080  0.053 0.24 are sr?all becau'lsef:)f the large cangellanoq bereen Figs. 1
as 65.21 26 6 40+ 20i 48 72 and Xf). In detail, the strong penguin contributionsagand

ag are
ay —314-152 —290-150 —439-771 —383-121i a. C
S F
ag —370-54 —340-80 aj per™ 7 W{ C1Gm,(Sp) +C3[ G, (Sq) +Cm,(sp)]
as —55.7-31.4 —50-20 —45 —27 b
+(C4+Ce) 2, G, (51)+CyG, g
ag —380+(—46-106) —380 —575-77 —435-121 f=u
c _ _ _ _
g —380%(-71-41) 380 s G [(—0.780— 1.744)+(0.858, p=u,
ay 1.25+0.3 05-1.3 —0.89-2.78 4m N [(-1.473-0.529)+(0.858, p=c,
(28)
ag 3.8+(—0.1-0.5) 46-04 3.3-091
p C!S CF , , ,

ag —98.4+1.47 -94-13 -93.9-2.7 ag per= 7~ 7y | C1CM,(Sp) + Cal G'Ma(Sq) + Gy (Sp)]
aio —39.3+7.23 —14-0.4 0.32-0.90

b
+(Cyt Cs)gu G, (1) +CyG, g

with the observation of heavy quark effective theory that the
wase fncton shoullbo peaked aroufeo/Ms. Wit o e (om0 s 02, 5

=——X
47 N 7| (-1.095-0.510)+(0.2145, p=c,

f 1dx¢B)EX) =11.15, (25) (29)
0

where the numbers in the brackets are the contributions of
which is near to the argumefi#] in which [3dx¢s(X)/X  Figs. 1) and Xf), respectively. The cancellation i is
=Mg/Ng=17.56 withAg=0.3 GeV. We have used the uni- weaker than that im,, since the contribution of Fig.() to
tarity of the Cabibbo-Kobayashi-Maskaw@€KM) matrix  a, is small. The other diagrams will dominate tk¥ )
VigVubt VeqVent VigVis=0 to decompose the amplitudes hard scattering amplitudes.

into terms containing/quub and VZchb, and Now it is time to discuss branching ratios a@dP asym-
) metries ofB—K# andB— 7 in the QCD improved fac-
[Viud =1—N%/2, [Vyp/Vcp|=0.085+0.02 torization approach. The branching ratio is given by
(26)

|Vep| =0.0395£0.0017, |V, =\ =0.2196 Br(B—Kr,wm)= TB/(167TmB)IM(BHKmW)IZS(,SO)
Cc . . ] usl . .

We leave the CKM angley as a free parameter. For the
form factors, we useFB®~7(0)=0.3 and FB~K(0)

wheres=1/2 for B— #°%#° mode, ands=1 for the other

decay modes. For the charg8dmeson decays, the direct

- 1'13:8__W(0)' CP asymmetry parameter is defined as
Numerical values forP(7#) andaP(wK) are presented
in Table I. It should be noted tha;(K=) are generally _ |M(B+Hf)|2—|M(B‘Hf_)|2
different toa;(77) and also change from case to case due to AL = - 5 —. (3D
fi, in the formulas ofa;, where M, could beK or . IM(BT—=H)*+|M(B™—1)]

However, with our choice of parameters . ) . —
P For the neutraB decaying intoCP eigenstatd, i.e., f=f,

f. fx the effects of8°-B° mixing should be taken into account in
F5=m0) = FEK(Q)’ (27 studyingCP asymmetry. Thus th€P asymmetry is time
dependent, which is given 4y5]

and the same DAspy .(X), the a;(K7)=a;(7m). From 2
Table I, we can find_ that adP _develop strong phases due to Acp(t):Adcirp cog Amt)— M(Acp) sinfAmt), (32
hard strong scattering. Ou, is very different from that of 1+|Ncp|?

094020-6
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whereAm is the mass difference of the two mass eigenstate€P violation in B—#"7~, #°K¥, K°#% K*#° and

of neutralB mesons, and\Y%, is the directCP asymmetry

defined in Eq.(31) with replacement oB*—B° and B~
—B?Y, respectively. The parametkgp is given by
ViV f[Henl B

VeV f[Herl BY)

cP (33

K*a* are only at a few percentage levels. The la@e
violation effect may be expected Bi— 7°7° decays. How-
ever, it would remain undetectable before the running of the
next generatiorB factories, for example, the CERN Large
Hadron Collider(LHCB), due to its very small branching
ratios (~10" ) and its two neutral final states.

Recently, the CLEO Collaboration made the first observa-
tion of the decay mode8—n 7, B—K°#% and B

With the above parameters and formulas, we get the =+ 0 and also updated the decay modes K=" and

branching ratios
Br(By— 7" 7 )=7.55¢10 5e 17+ 0.1882,

Br(BY— m0n®) = 4.3x 10 8| 17+ 1.1 11322,

Br(B, — %7 )=4.73x10 °le”'7+0.0% '°*]?,

Br(ggagowo) =4.06X 10*9| efi Y 31_93i 34°|2,
(34)

Br(gg—> K™ 7T+) =5.12X 10*7|e*i7+ 5.2$7il72°|2,
Br(B, — K_WO) =2.91X 10_7|e_i7+ 5_785—i168°|2'

Br(BJHEOW*) =4.08% 10*9|e*i7+ 55.1e 111372,

If we generally express E434) as B=A(e '7+ae '?),
then the direcCP asymmetry in Eq(31) can be relevantly
expressed as

dgir 2asinvy
CP™—

5 . (35
1+a“+2acosdcosy

Using the above equation, the numerical results for the direG},o second term withE8="

CP asymmetry are obtained

Adr (B 5.0% in
el B=m T )= 1551036 cogy >
. 1.77
dir 0,0y_ _ g
Ace(B=mm) == 5 5 159 cosy MY

AL (B—m0mT)=—1.7X10 “siny,

AZH(B—K 70)=3.5% siny, (36)

AT BoKT7t)=— Lsiny
cP 28.4—10.4 cosy ’
Ad"(B—>KIw°):——2'4O siny
cP 34.4-11.3cosy ’

AdL(B—KO7T)=—0.7% siny.

B—K°%z™ as follows[6]:
Br(Bg— 7 7 )=(4.3"15+0.5x 10",
Br(B,— m’m*)<12.7x 10 °,
Br(By—K%7%) =(14.6"33729 %1078,

Br(By—K*m™)=(17.2"33+1.2)x 10" ¢,
(37)

Br(B,—K* 7% =(11.6"3%"19x1075,
Br(B,—K%7*)=(18.2"45+1.6)x10 .

To compare with the data, we plot théP averaged
branching ratios for those modes as a functiory @ Fig. 2.

Our results are plotted as curves and the CELO data are
displayed as horizontal lingghicker lines for center value,
thin lines represent error bars atr 2evel). The horizontal

line in Fig. 2 is the upper limit of the decay mode.

We find that the observed branching ratios of those decay
modes can be well accommodated within the QCD improved
factorization approach of Ref4] except the decay mod@

K70, As shown in Eq(19), the first term withF8—K and
are disconstructive which re-
duces the amplitude ofl (B— K°#%) much smaller than that
of otherB— 7K decays. As it is argued in Refg4,16], in
the present theoretical framework, the final state interactions
are computable and identical to the imaginary part of the
amplitude which is generated by the hard scattering ampli-
tudes. In this paper, we find the strong phase appears not
large enough to change the two subamplitudesMofB
—K%79% to be constructive Our results agree with that in
Refs.[13,17—19 where the decay rate &—K°#° is also
estimated to be small.

The CLEO observations have motivated many theoretical
studies of those decay modes using different approaches
[11,12,17,18,2D In Refs.[18,21,23, it is suggested thay
>90° is required to interpret the CLEO data. However, the
global CKM fit has given the constraing<90° at 99.6%
C.L. [23]. The comparison between our results and CLEO
data[6] implies 120%< y<240° which arises from the con-
straint by Br@— = «*). The observed B— = =) is
smaller than many theoretical expectations. Negativeydes
needed to suppress the theoretical estimations as it is sug-

As is shown in Eq(34), the strong phases are different by gested in Refl18]. The decay rate #— = " can be also

decay channels. We can also see from(B6) that the direct

suppressed by using smaller form fac®?—"(0) and/or

CP violation in B—#%7" is neglectably small. The direct smaller|V,,/V.,|. However, it would be very hard to ac-

094020-7



MUTA, SUGAMOTO, YANG, AND YANG

22
20

- /0
7
14

12

10

0 50 100 150 200 250 300 350

Fig. 2.1, Br(B — K¥7%) vs v

16

14

12

©

25

20

15

10

0 50 100 150 200 250 300 350
Fig. 2.2, Br(B — K%1Y) vs v

26
24
22
20
18
16
14
12

N
LN

100 150 200 250 300 350
Fig. 2.3, Br(B — K¥7°) vs v

¢ N

0 50 100 150 200 250 300 350

©

Fig. 2.5, Br(B — 77 a%) vs v

14

12
10
8
6

—_—

4

0 50 100 150 200 250 300 350

Fig. 2.7, Br(B — aT#%) vs

count for the large decay ratesBf- K 7 modes in this case.
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FIG. 2. CP-averaged BB— 77,K7) as a
function of y are shown as curves fdF8—™
=0.3 and|Vy/V, =0.08 (in units of 10°5).
The branching ratios measured by CLEO Col-
laboration are shown by horizontal solid lines.
The thicker solid lines are its center values, thin
lines are its error bars or the upper limit.

found to be free of infrared divergence. With the choice of

For those reasons, it might be difficult to solve the contro-twist-3 DA ¢g(x): 1, theag gets a large imaginary part and
versy between the global CKM fit and the model-dependenits real part is enhanced by 10—20 %. The other NLO coef-

constraints from the charmless decds> K, 77 within
the QCD improved factorization approach.

IV. SUMMARY

We have studieB—K*7*, B—K%7°% B—K*#° B
—K%*, B—=w 7", B—#7% andB— ¥ 7° decays, in
a QCD improved factorization approach.

The strong penguin contributiofBigs. Xe),1(f)] are dis-

ficients a; also acquire complex phases from the hard scat-
tering as depicted by Figs(d—1(e) which are shown by the

functiong(x) andG(s,x) in Eqg. (12). We can see thaj(x)
is a new source of strong phase in additiorGs,x) of the
well known BSS mechanisrf24]. Compared to the naive

factorization, the strong phases are estimated reliably with-
out the arbitrariness of gluon virtuality? within the QCD

improved factorization formalisrf4]. The strong phase due
to the hard scattering in the decay modes are found to vary

cussed in detail and found to be small because of the cancekom 0° to 172°, depending on the decay mode. In the de-
lations between them. The most important power correctionsays B— 7°#°, K*#*, and K= #°, the strong phase are

to these chiral enhanced terrfie., ag) are identified and

094020-8

found to be as large as 108%6<180°. In other decay
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modes, the strong phases are rather small. method, and Ref.26] compared different approaches.

The predicted branching ratios oB— 7K and B Note added in proofAfter this paper was submitted, the
— o~ decay modes are in good agreement with the exBARBAR Collaboration reported their measurement of
perimental measurement by the CLEO Collaboration excegbranching ratios for charmle&decays to charged pions and
for the decayB— K%#°. The most serious constraint on the kions [27]: B(B°—#*7")=(9.3"35'1%%x10°® and
weak angley comes from the small experimental value of B(B*—K*#*)=(12.5'3:3"19)x107¢. Our predictions
Br(B— 7~ 7 ") which implies 120%<y<240°. We found agree with the BARBAR data very well. We note thmtsi-
that it is hard to solve the controversy between the contive cosy is favored if the BARBAR data are taken as a
straints ony from the global CKM fit and the estimations of guide.
the charmless decays— K, r7r. The CP violation effects

in B—#°7" is neglectably small. The dire@P violation
. - - e ACKNOWLEDGMENTS
effects inB— 7t 7, 7K™, K°#%, K™ 7% andK™ 7~ are
only at a few percentage level. The larg® violation effect We acknowledge the Grant-in-Aid for Scientific Research
may be expected iB— 7%7° decays. on Priority Areas(Physics of CP violation with Contract

Note addedAfter finishing this work, we found that Ref. Nos. 09246105 and 1014028Y.D.Y. and M.Z.Y. thank
[25] also discusse®— K7 and w7 decays with a similar JSPS for support.
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