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We calculate the branching ratios a@P asymmetries foB°— 7 7, B*— =" #° and B— 707
decays, in a perturbative QCD approach. In this approach, we calculate nonfactorizable and annihilation type
contributions, in addition to the usual factorizable contributions. We find that the annihilation diagram contri-
butions are not very small as previously argued. Our result is in agreement with the measured branching ratio
of B— 7" 7~ by the CLEO Collaboration. With a non-negligible contribution from annihilation diagrams and
a large strong phase, we predict a large di@Btasymmetry inB°— 7+ 7, and#°#°, which can be tested
by the current runnin@ factories.
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[. INTRODUCTION tracted much attention for these kinds of dec§s The
most recent theoretical study] attempted to compute the
The charmless8 decays have aroused more and morenonfactorizable diagrams directly. But it could not also pre-
interest recently, since they are a good place to s@a@y dict the transition form factors d— .
violation and are also sensitive to new phydits The fac- In this paper, we would like to study tH&— 7o decays
torization approackiFA) is applied to hadroni8 decays and in the perturbative QCD approad?QCD [8]. In the B
is generalized to decay modes that are classified in the spir 7 decays, thé meson is heavy, sitting at rest. It decays
of final stateg2—4]. The FA gives predictions in terms of into two light mesons with large momenta. Therefore the
form factors and decay constants. Although the prediction§ght mesons are moving very fast in the rest frameBof
of branching ratios agree well with experiments in mostmeson. In this case, the short distance hard process domi-
cases, there are still some theoretical points unclear. First, iates the decay amplitude. We shall demonstrate that the soft
relies strongly on the form factors, which cannot be calcufinal state interaction is not important, since there is not
lated by the FA itself. Second, the generalized FA shows thagnough time for the pions to exchange soft gluons. This
the nonfactorizable contributions are important in a group ofnakes the perturbative QCD approach applicable. With the
channelg3,4]. The reason for this large nonfactorizable con-final pions moving very fast, there must be a hard gluon to
tribution needs more theoretical study. Third, the strongkick the light spectator quardt or u (almost at regtin the B
phase, which is important for th@P violation prediction, is meson to form a fast moving pidsee Fig. 1. So the domi-
quite sensitive to the internal gluon momentyB]. This  nant diagram in this theoretical picture is that one hard gluon
gluon momentum is the sum of momenta of two quarksfrom the spectator quark connecting with the other quarks in
which go into two different mesons. It is difficult to define the four quark operator of the weak interaction. Unlike the
exactly in the FA approach. To improve the theoretical pre-usual FA, where the spectator quark does not participate in
dictions of the nonleptoni® decays, we try to improve the the decay process in a major way, the hard part of the PQCD
factorization approach, and explain the size of the nonfactorapproach consists of six quarks rather than four. We thus call
izable contributions in a new approach. it six-quark operators or six-quark effective theory. Applying
We shall take a specific channBl- 77 as an example. the six-quark effective theory tB meson exclusive decays,
The B— 77 decays are responsible for the determination ofve need meson wave functions for the hadronization of
the angleg, in the unitarity triangle which have been studied quarks into mesons. Separating that nonperturbative dynam-
in the factorization approach in detfl—4]. The recent mea-
surements ofB— 7 7~ by the CLEO Collaboration at-
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ics from the hard one, the decay amplitudes can be calculated
in PQCD easily. Most of the nonperturbative dynamics are

included in the meson wave functions, but in the correction

that soft gluon straddle the six-quark operators, there are
some nonfactorizable soft gluon effects not to be absorbed
into the meson wave functions. Such effects can be safely
neglected in thé8 meson decayf9].

Li performed the calculation oB’— 7" 7~ in Ref.[10]
using the PQCD formalism, where the factorizable tree dia-
grams were calculated and the branching ratios were pre-
dicted. In another papdi 1], Dahm, Jakob, and Kroll per- FIG. 2. b-Q dependence o& . Nonperturbative region ob
formed a more complete -calculation, including the~O(A™Y) is suppressed by this exponent. Since the pion wave
nonfactorizable annihilation topology and the three decayunction has two Sudakov factor accompanied with two light
channels oB— w7 decays. However, the predicted branch-quarks, this suppression becomes much stronger.
ing ratios are about one order smaller than the current ex-
periments by CLE(6]. In connection with this, Feldmann ne gouble logarithms iPb) from the overlap of collinear
and Kroll concluded that perturbative contributions to theand soft divergence® being the dominant light-cone com-
B— ar transition form factor were much smaller than NONPer-ponent of a meson r,nomentum. The resummation of these
turbative oneg12]. As we shall show later, the pion wave 4, pje logarithms leads to a Sudakov form factor

function must be consistent with chiral symmetry relation exy{ —s(P,b)], which suppresses the long distance contribu-

exp[—s(Q, b)]

—qﬂ(oﬁyﬂsd(x)hf(q)) tions in the largeb region, and vanishes &s>1/Aqgcp. This
_ form factor is given to sum the leading order soft gluon
=(my+my){Ojuysd(X)|7(q)). (1)  exchanges between the hard part and the wave functions of

o ] ) mesons. So this term includes the double infrared logarithms.
This introduces terms that were not considered in the abovghe expression o§(Q,b) is concretely given in Appendix
calculations. In this paper, considering the terms needefl. Figure 2 shows that* falls off quickly in the largeb, or
from chiral symmetry, we calculate thB— 7 transition |ong-distance, region, giving so-called Sudakov suppression.
form factors and also the nonfactorizable contributions in therhijs Sudakov factor practically makes PQCD approach ap-
PQCD approach. We then show that our result for thelicable. For the detailed derivation of the Sudakov form
branching ratioB— 7 "7~ agrees with the measurement. factors, see Refg8,17].

Among the new terms, it is worthwhile emphasizing the  with all the large logarithms resummed, the remaining
presence of annihilation diagrams which are ignored in FAfinite contributions are absorbed into a perturbativguark
We find that these diagrams cannot be ignored, and furthegecay subamplitudei(t). Therefore the three scale factor-
more they contribute to large final state interaction phase. jzation formula is given by the typical expression

Il. THE FRAMEWORK
C(t) X H(t) X D(x)

The three scale PQCD factorization theorem has been de- _
veloped for nonleptonic heavy meson decpd3], based on t du —
the formalism by Brodsky and Lepag#&4], and Botts and Xex;{ —s(P,b)—ZL/b 77"1[“5('“)]
Stermar{15]. The QCD corrections to the four quark opera-
tors are usually summed by the renormalization group equa-
tion [16]. This has already been done to the leading logawhereC(t) are the corresponding Wilson coefficierds(x)
rithm and next-to-leading order for years. Since thguark  are the meson wave functions and the varidalidenotes the
decay scalan, is much smaller than the electroweak scalelargest mass scale of hard procekghat is, six-quark effec-
my, the QCD corrections are non-negligible. The third scaletive theory. The quark anomalous dimensigp= — ag/m
1/ involved in the B meson exclusive decays is usually describes the evolution from scaléo 1b. Since logarithm
called the factorization scale, withthe conjugate variable of corrections have been summed by renormalization group
parton transverse momenta. The dynamics beldwstale is  equations, the above factorization formula does not depend
regarded as being completely nonperturbative, and can ben the renormalization scaje explicitly.
parametrized into meson wave functions. The meson wave The three scale factorization theorem in E2) is dis-
functions are not calculable in PQCD. But they are universatussed by Let al. in detail[13]. In Sec. I, we shall give the
and channel independent. We can determine it from experiactorization formulas foB— 7 decay amplitudes by cal-
ments, and it is constrained by QCD sum rules and latticeulating the hard parH(t), channel dependent in PQCD.
QCD calculations. Above the scalebl/the physics is chan- We shall also approximatd there by theO(«;) expression,
nel dependent. We can use perturbation theory to calculat@hich makes sense if perturbative contributions indeed
channel by channel. dominate.

In addition to the hard gluon exchange with the spectator In the resummation procedures, tBeneson is treated as
quark, the soft gluon exchanges between quark lines give oat heavy-light system. The wave function is defined as

: @
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1 1
(DB:_\/Z_NC(pB+ Mg) ¥s5$e(K1,Kp), ©) CD,TZ\/?NCy5[¥57,¢>,,(xz,k2T)+moqs;(xz,kZT)], (6)

where ¢ (X5 ,k,7) is defined in analogy to Eq$4), (5) and

whereN.=3 is color’'s degree of freedom a ky,kp) is > .
c g b (ks ko) ' (Xz,kor) is defined by

the distribution function of the four-momenta of the light

uark andb quark 5 ~d? N
q k1) q ko) ' (XpoKoy) = P, jdy d yTei(x2P2 Y —kory7)
11 dly 2V2N.J  (2m)®
¢B<kl,kb>=—2—f ey —
Pg 2V2Nc/ (2m) X(0[T[d(0)ysu(0y ,yn]|m(P2)). (7)
X (0| T[d(y)Psysh(0)]|B(ps)). (4  Note that as you shall see belom, given as
2
m7T
Note that we use the same distribution functigép(ky,ky) mo=rnqurnd (8)

for the pg term and themg term from heavy quark effective

theory. For the hard part calculations in the next section, wen Eq. (6) is not the pion mass. Since thi®, is estimated
use the approximatiom,=mg, which is the same order around 1-2 GeV using the quark masses predicted from lat-
approximation neglecting higher twist offg—m,)/mg. To  tice simulations, one may guess contributionsnaf term
form a bound state d8 meson, the conditiok,=pg—Kki1 IS cannot be neglected becausemf«mg. In fact, we will
required. Sogg is actually a function ok, only. Through-  show thism, plays important roles to predict tHe—
out this paper, we takp™=(p°+p®/y2, pr=(p',p? as  branching ratios in Sec. IV.

the light-cone coordinates to write the four momentum. We  The normalization of wave functions is determined by
conside\;_theB meson at rest, then that momentumpis meson’s decay constant

=(mg/y2)(1,10y). The momentum of the light valence Y s

quark is written asK; ,k; ,ki1), where thek, is a small (01d(0)y, ysu(Ol7(P)=1P 7 ©
transverse momentum. It is difficult to define the functionUsing this relation, the normalization &f,, is defined as
#s(K] Ky ,ki7). However, in the next section, we will see f

that the hard part is always independenkgf, if we make f A%0%Kor (X5, Kop) = ———. (10)
some approximations. This means tkgt can be integrated 2\2N,

. . + - . .
gg; Itno Eq.(4), the functiongg(ky Ky .kyr) can be simpli- Moreover, from Eq(9) you can readily derive
2

— mﬂ_
(0[d(0) ysu(O)|m(p)) = —i = -f, (A1)

d’B(lele):péf dky ¢e(ky Ky Kit)
so definingm, such as Eq(8), the normalization ot _ is the

pg 1 dy*d?yy e (kpy* —kir-y) same one to Eq10).

B p_é 22N, (2m)® The transverse momenturiky is usually conveniently
o converted to thé parameter by Fourier transformation. The
X(O|T[d(y",0y7)bgysh(0)1|B(ps)), initial conditions of{(x), i=B, ar, are of nonperturba-

(5) tive origin, satisfying the normalization

wherex;=k; /pg is the momentum fraction. Therefore, in fldai("(x,b:O)dx: f , (12)
the perturbative calculations, we do not need the information 0 22N,
of all four momentunk,. The above integration can be done .
only when the hard part of the subprocess is independent d¥ith fi the meson decay constants.
the variablek; .

The 7 meson is treated as a light-light system. At Be IIl. PERTURBATIVE CALCULATIONS
meson rest frame, pion IS moving very fast. We defme.the With the above brief discussion, the only thing left is to
momentum of the pion which contains the spectator lighty, 1 teH for each diagram. There are altogether eight dia-
quark as P,=(mg/\2)(1,00;). The other pion which grams contributing to th8— 77 decays, which are shown
moves to the inverse direction, then has momentBsn in Fig 3. They are the lowest order diagrams. In fact the
= (ms(\/i)(oy_lﬂT)- The light spectator quark moving with gjagrams without hard gluon exchange between the spectator
the pion (with momentum P;), has a momentum quark and other quarks are suppressed by the wave functions.
(k5 ,0kz7). The momentum of the other valence quark inThe reason is that the light quark B meson is almost at
this pion is then P; —k; ,0,—ko7). If we define the mo- rest. If there is no large momentum exchange with other
mentum fraction ax,=k; /P , then the wave function of quarks, it carries almost zero momentum in the fast moving
pion can be written as 7, that is the end point of pion wave function. In the next
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1 )
Fe:—lﬁwcFm’g’,Jdeldxzf b,db;b,db, ¢g(x;,b;)

big s 0
\/ \/ XAL(1+X2) @ o(X2,02) +(1—2X5) b1 (X2, b2)r ]
5(b) . L 2 . X arg(th)ho(Xq Xz, b1 b exp — Se(tl) — SE(t1)]
B E = B eTE’H% 20 1L (X2 b2) (12 he(Xp, g b2, by)
- . — = xexi] — S(t?) — SL(t2) ]}, (19
(a) e ) R

i where r,=my/mg=m2/[mg(m,+my)]. Cc=4/3 is a
T color factor. The functiomg(x;,%5,b1,b,) and the Sudakov
form factorsSg(t;) andS,(t;) are given in Appendix B. The
3 3 operatorsOg, Og, O;, and Og have a structure of\(
—A)(V+A). The sum of their amplitudes is
B m B g
( (d)

>

1 [’
Fs=—327TCFmZBI'WJ' XmdXZ f bldbledbz ¢B(Xl’bl)
0 0

c)
T m X{[¢w(x21b2)+(2+X2)¢ﬂ’n-(x27b2)r77:|
5 3 X as(t5) (X1, Xz, by, 0)exp — Sg(th) — Sk(ta)]
B 1 B F[X104(X2,02) +2(1=Xq1) .. (X2,b2)r ;]
1 X ag(t2)Ne( X, X1, 02, by) exl — Sg(t3) — SL(t2) 1}
J : (14
" £
(e) () They are proportional to the factor,. There are also fac-

torizable annihilation diagramgg)) and (h), where theB me-
son can be factored out. For th¥{ A)(V—A) operators,

T T their contributions always cancel between diagranand
(h). But for the (v — A)(V+A) operators, their contributions
B > B > are sum of diagrantg) and (h).
T T FZ
() (b)

1 ]
=—647Cemar ,, f dx,dxg f b,db,bsdbsag(ty)
0 0

FIG. 3. Diagrams contributing to the— 7 decays. The dia- Xha(Xz,X3,b2,03)[2¢ (X2,b2) $7.(X3,b3)
gram (b) corresponds to Fig. 1. +X2¢>W(X3,b3)¢;(x2,b2)]exq—S}T(ta)—Sf,(ta)],
(15

section, we will see that the pion wave function at the zero

point is always zero. The Sudakov form factor suppresses thephese two diagrams can be cut in the middle of the dia-
large number of soft gluons exchange to transfer large mograms. They provide the main strong phase for nonlept®nic
mentum. It is already shown that the hard gluon is reallyjecays. Note that" vanishes in the limit om,=0. So the
hard in the numerical calculations Bf—K [18] The value mg term in the pion wave function does not only have much
of as/ is peaked below 0.2. And in our following calcula- effect on the branching ratios, but also & asymmetries.
tion of B— 7 decays this is also proved. In addition to the factorizable diagrams, we can also calcu-
Let us first calculate the usual factorizable diagrai@s late the nonfactorizable diagrants) and (d) and also the
and(b). The four quark operators indicated by a cross in thenonfactorizable annihilation diagramg) and (f). In this
diagrams are shown in the Appendix A. There are two kindsase, the amplitudes involve all three meson wave functions.
of operators. Operator®,, O,, O3z, O4, Og, and O,y  The integration ovelb; can be performed easily using
are (V—A)(V—A) currents, the sum of their amplitudes is function §(b;—b;) in diagrams(c),(d) and §(b;—b,) for
given as diagrams(e),(f).

074009-4
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3
X ¢p(X1,01) P (X2,02)

X ¢77(X3 1bl)X2aS(td) hd(xl 1X2,X3 vbl va)

xex — S(ta) — Sp(ta) — Si(ta)],

1 o0
Me=— 7Cp\2N m3 j dx;dx, dxg f b,db;b,db,
0 0

(16)

Ma=3§2wCF\/2_NCm§ foldxldxzdxs f:bldblbzdbz
X ¢g(X1,01){ —[X20(X2,b2) P 1(X3,05)
+(Xa+X3) ¢1(X2,02) L (X3,b5)r2]

X ag(tHhi(x1,%a,X3,b1,by)exl — Sg(t})
—SL(tH — SL(D ]+ [X2 7(X2,b2) $1(X5,b2)
+(2+Xp+X3) B, (Xz,b2) B (X3,b)r 2]

X ag(tH)hf?(xq,Xz,X3,b1,b)]

X ex — Sg(tf) — SL(t?) — S2(tH) 1} (17)

Note that when doing the above integrations aveandb;,
we have to include the corresponding Wilson coefficiglits
evaluated at the corresponding scgle The expression of

PHYSICAL REVIEW D 63 074009

where the momenta are assigned in Fig. 3. The calculation
from the second formula to the last one is approximated as
(k1)<(kp). This approximation is equal to taking the mo-
menta of spectator quark in theB meson as k;
=(0k; ,ki7). We neglect the last term which is a higher
order one in terms of iz expansion. Therefore the integra-
tion of Eq.(5) is performed safely. Though we calculated the
above factorization formulas by one order in termsaqQf,

the radiative corrections at the next order would emerge in
forms of ailn(m/t), where m's denote some scales, i.e.,
mg, 1M, ..., inthehard partH(t). Selectingt as the larg-

est scale irm’s, the largest logarithm in the next order cor-
rections is killed. Accordingly, the scalg’s in the above
equations are chosen as

te=max \xzMg, 1y, 1/b5), (19

t2=max(yx;mg,1/y,1hb,), (20)
tq=max yX1XoMg, VXoX3Mg,1/b,1/hb,),

tf=max(\X,xsMg , 1/01,1/b,),

tF=max XXMy , VXo+ X3 — XoX3Mg , 101, 1/b5),

ta=max \x;mg,1/b,,1/bs). (21)

Wilson coefficients are channel dependent which are showfhey are given the maximum values of the scales appearing

later in this section. The functiorts , coming from the Fou-

rier transform ofH, are given in Appendix B. In the above

equations, we have used the assumption thatx,,Xs.
Since the light quark momentum fraction in B meson is

in each diagram.

In the language of the above matrix elements for different
diagrams Egs.(13)—(17), the decay amplitude forB°
— "~ can be written as

peaked at the small region, while quark momentum fraction
X, of pion is peaked at 0.5, this is not a bad approximationM(B%— 7" 7 ")
After using this approximation, all the diagrams are func-

tions ofk; =x;mg/+2 of B meson only, independent of the =f_F, gu(lcl+ C,|—&| Cut Ec3+ Ciot Ecg)}
variable ofk; . For example, by calculating the diagra(is " 3 3 3
we shall demonstrate it. 1 1

—f,FP&| Cot 3Cs+Cet §c7}

(m(P2)7(P3)|03'[B(pg)) MU £,Co— £(CatCo)]
eLSu t

q-Ps
d*k,d%K, e (k) @ (Ky) —— 1 1
. f id'eda(kn)dr) 7 Cy#2C,+2C+ 2Co- 2Co

+Ma[ fucz— gt

_ f d*Kked%Kko d(Ky) b.-(Ko)

1 1 1 1
+ 5010 —faFaé §CS+C6_ 5C7_ Ecs . (22
(P, —k;{)pg

X where £,=V{ Vuq, &=Vi,Viq- The decay width is ex-
{2(P; —k)ky +kirH{2(ks —k)ky +17}

pressed as
2.-3
:J d*k,d*ko (k) drr(ko) ~ Ggmg
= 128, | M. (23
Pg P; Aqcop , .
X FR— ET— > The C{'s should be calculated at the appropriate st¢ales-
(2P5 ky +kir)(2k; ky +17) Mg ing Egs.(C1),(D1). The decay amplitude of the charge con-

(18)  jugate decay channd— 7" 7~ is the same as Eq22)
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except replacing the Cabibbo-Kobayashi-Maska@&M)

matrix elementst, to & and & to & under the phase con-

vention CP|B%=|BP).
The decay amplitude faB°— 7%#° can be written as

- \/EM(BO—> w0m0)
1 1 3 1
o éu| C1t 5Ca | + & 5Ca+Cat 5C1+ 5Cq
5 . 101 1
_§Cg_C10 +f.Feéi Cet §C5_6C7_ ECB

3 1 3
+Me[ §ucz_§t( —Cs+ §C8+ §C9+ ECloﬂ

1 1
Myl £,Co—&| C3+2C,+2Ce+ ECS— ECQ
1 1 1
+ Eclo + fBFaft[ C5+ CG 6C7_ §C8:| . (24)

The decay amplitude foB ™ — 7" 7° can be written as

\/EM(B+4>7T+ 0)

4 3 1
Fe{gfu(cl"‘ Cy)— ft( 2C1p+2Cy— §C7_ §C8> }

—f,F §t[ Cgt = C7}

3
Eft(CSJ’_ Co+Cyo) |-

e §u(C1+Cy)— (25)

From the above equatiorig2),(24),(25), it is easy to see that

we have the exact Isospin relation for the three decays
MB—xt77)— \/EM(BO—> w0m0)
=\2M(B* =7+ 7). (26)

IV. NUMERICAL CALCULATIONS AND DISCUSSIONS
OF RESULTS

In the numerical calculations we uf&9]

AU=Y=025GeV, f,=0.13GeV, fz=0.19GeV,

Mg=5.2792 GeV, M,,=80.41 GeV,
= =1.65x10 s, 750=1.56x10 s (27

and

m,=4.5 MeV, my=1.8m,, (28)

PHYSICAL REVIEW D 63 074009

which is relevant to takingny=1.5 GeV. For ther wave
function, we neglect thd dependence part, which is not
important in numerical analysis. We use

d(X)=——="F x(1-x){1+a”[5(1-2x)°—1]},

3
V2N,

(29

with a*=0.8, which is close to the Chernyak-Zhitnitsky
(CZ) wave function[20]. For this axial vector wave function
the asymptotic wave functid21], a"~0 , is suggested from
QCD sum rule$22], diffractive dissociation of high momen-
tum pions[23], the instanton moddR4], and pion distribu-
tion functions[25], etc., but we adopa”=0.8 according to
the discussion in Ref26]. ¢ is chosen as asymptotic wave
function

f.x(1—-x){1+aP[5(1—2x)%>—1]},
(30

3
AR

with a=0. For B meson, the wave function is chosen as

2 2 4
——(wbzb)

$(X,b)=Npx3(1—x)? ex;{

Zwbl
(31

With wp1= wp,=0.4 GeV[27], andNg=91.745 GeV is the
normalization constant. In this work, we sef;= wy,, for
simplicity. We would like to point out that the choice of the
meson wave functions as in EgR9)—(31) and the above
parameters cannot only explain the experimental datB of
— i, but alsoB— K7 [18,26, D, etc., which is the re-
sult of a global fitting. However, since the predicted branch-
ing ratio of B—wa is sensitive to the input parameters
fg, my, @ aP, andw,;, we will at first give the numeri-
cal results with the above parameters, then we give the al-
lowed parameter regions 6§, m,, a”, aF, andwy; con-
strained by the experimental data®f> 7" 7~ presented by
CLEO.

The diagramga) and(b) in Fig. 3, calculated in Eq.13)
correspond to theB— s transition form factor FB7(qg?
=0), whereq=pg—P,. Our result isF"(0)=0.25 to be
consistent with QCD sum rule one. This implies that PQCD
can explain the transition form factor in tlemeson decays,
which is different from the conclusion in Rdf12]. In that
paper, becaus®, was not considered, perturbative contribu-
tions toFB7(0) were predicted to be much smaller than non-
perturbative ones.

Although we take the CZ-like wave functioraf=0.8)
for ¢, one finds that the above parameters give the pion
electromagnetic form factor to be consistent with the experi-
mental data. The pion electromagnetic form fadt(Q?)
in PQCD is given a$28,29
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0.3 |7
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e ]
S
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0.1 F 4

FIG. 4. Q? dependence foF (Q?) with the data[30]. The
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respectively.

1 )
Fw(Q2)2167TC|:f ddeX3J' b2db2 b3db30{s(t)
0 0

X he(X3,X2,b3,02){X2Q%¢ (X2,b2) b (X3,03)
+2m3(1—Xp) 1 (X2,05) (X3, b3)}

X exy] — Sh(t)— S2(1)], (32)

where —Q? is the momentum transfer in this system, the

scalet is chosen a$=max(y/x,Q,1/b,,1b3), andmg's are

replaced byQ in the h,,SL and S2. One may suspect that

PHYSICAL REVIEW D 63 074009

M=V’JqudT—V{‘thdP=ijvudT[lJrzé("”2+5)],( 5
3

wherez= |V} Vq/Vii,Vud|P/T|, and§ is the relative strong
phase between trgd&) diagrams and penguin diagram)(

z and & can be calculated from PQCD. For example Bh
—a* 7~ decay, we ger=30%, andS=130°, if we use the
above parameters. Here in PQCD approach, the strong
phases come from the nonfactorizable diagrams and annihi-
lation type diagramgsee (c)—(h) in Fig. 3]. The internal
quarks and gluons can be on mass shell providing the strong
phases. This can also be seen from E§S8)—(B11), where

the modified Bessel functiokiy(—if) has an imaginary part.
Numerical analysis also shows that the main contribution to
the relative strong phas& comes from the annihilation dia-
grams,(g) and(h), in Fig. 3. From the figure, we can see that

they are factorizable diagramB. meson annihilates tqa
quark pair and then decays torr final states. The interme-

diateqq quark pair represents a number of resonance states,
which implies final state interaction. In perturbative calcula-
tions, the two quark lines can be cut providing the imaginary
part. The importance of these diagrams also makes the con-
tribution of penguin diagrams more important than previ-
ously expected.

This mechanism of producingP violation strong phase
is very different from the so-called Bander-Silverman-Soni
(BSS mechanisni32], where the strong phase comes from
the perturbative penguin diagrams. The contribution of BSS
mechanism to the dire&@ P violation inB— 7" 7~ is only

aroundxy,x,~0, the gluon and virtual quark propagators iy the order of few perceriis,7]. It is higher order correc-

wave functions. However, in PQCD, the transverse momentg,r approach we can safely neglect this contribution. The

kt save perturbative calculations from the singularities

aroundx; ,~0. There are still IR divergences arourkg

corresponding charge conjugdedecay is

~0, but the Sudakov factor which can be calculated from . . . (=6t 8)
QCD corrections does suppress such a region, i.e., nonper- M=VupVigT = VipeVigP =V pVigT[1+zet 277,

turbative contributions, sufficiently. We show tQ¥ depen-

dence ofF .(Q?) [Eq. (32)] in Fig. 4 with the experimental

(36)

data[30]. This figure shows that the parameters we used dd herefore the averaged branching ratio Bt 7 is

not conflict with the data. We also sho®,(Q?) for a
=0.8,0.4, and 0. It indicates thBt,(Q?) is fairly insensitive
to a’.
The CKM parameters we used here are
|Vudl=0.9740:0.0010, |V, /V¢p =0.08+0.02,

(33

|Vep| =0.039550.0017, |V V,g|=0.0084+0.0018.

We leave the CKM angle, as a free parameteth,’s defi-
nition is[31]

V, VE
d)zzar%— L . (34

Vu dV:b

In this parametrization, the decay amplitudeBsf- 7r7r can
be written as

Br=(|M|?+| M|?)/2

=|VupViT|3 142z cos¢, coss+Z2]. (37)
From this equation, we know that the averaged branching
ratio is a function of CKM anglep,, if zcoss+0.

The averaged branching ratioBf— 7 7~ decay which
is predicted from the formulas in the previous section is
shown as a function o, in Fig. 5. To considem, required
from chiral symmetry is essentially different from the previ-
ous paper[11]. This figure shows thatn, enhances the
branching ratio to agree with the experimental data. There is
a significant dependence on the CKM angle. The branch-
ing ratio of B°— "7~ is larger wheng, is larger. The
reason is that the penguin contribution is not small. The
CLEO measured branching ratio Bf— 7" 7~ [6]

Br(B—m 7w )=(4.315+0.5x1075, (38)
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FIG. 5. Averaged branching ratigs unit of 10°°) of B°(B?) 146
—a ™, my=1.5 GeV (solid line), my=0 GeV (dashed ling 1.4
The two dotted lines indicate theslregion of CLEO experiments 19
in Eq. (38). ;@\ X
€ 0.
is in good agreement with our predictions. This prefers a g '
lower value of¢,. However, the predicted branching ratio is 0.6
sensitive to the parameters of input. Especially it is sensitive 0.4
to fg, my and the meson wave functions. Therefore, it is 0.2
unlikely to use this single channel to determine the CKM RN TR TR
angle ¢, . . _ N wpr (GeV)
The branching ratios oB— w7 are sensitive to some
input parameters. We give the parameter regions allowed by (b)

the experimental data in E¢38). Relevant parameters are

my, a, andwy,. Others are specified in the beginning of o .

this section. Here we check the sensitivity of our calculation FIG. 6. Here we check the sensitivity of our calculation on
on parametem, aP and wp;. First we fixmy=1.5 GeV parametem,, a”, andwy;. Others are defined in the beginning of
and show the allowed region fa andwy, . This is shown S€C- IV. The shaded areas are allowed by the data (8, for

in Fig. 6(@). One finds that the branching ratio is fairly in- 2P ¢2; (& we fix my=1.5 GeV and show the region far”
sensitive taaP. Second we fixa?=0 and show the allowed 2"d@b1; (P) we fixa"=0 and show the allowed region far,, and
region for w,; andmg. This is shown in Fig. &). We see o

that the aIIowedAregion fow,, andmy is quite Iarge. The  geparate branching ratios & and BC. In this case, the
dependence oa” for the branching ratio oB—m" 7 is  yroposed isospin method to measure the CKM aggl§33]
given in Fig. 7. As discussed in Rg®6], the central value  qoes not work in thed factories, since it requires the mea-
of the experimental dataRp= Br(B‘—>D°w‘)/Br(§g surement oB°— 7°7° and B®— 77070,

—D"7") requiresa®=0.8, but this figure indicates th& Using Eqs(35),(36), the directCP violating parameter is
— "7~ decay mode gives no significant restriction ath
Therefore, these figures show that the above set of param-
eters we choose for Fig. 5 is in the allowed region, and that
parameter space producing the experimental data(3By.is

dir_|M|2_|-/W|2_ —2zsin¢g,siné
UM+ M2 1+2zc0sd, cOSS+Z2

(39

quite large. 8
The branching ratio oB*— 7" 70 has little dependence -
on ¢,. It is easy to understand since there is only one domi-
nant contribution from tree diagrams. The QCD penguin 7 6
contribution is canceled by isospin relation and the elec- +: 5
troweak contribution is very small giving only a slight de- 1 ’
pendence onp,. The branching ratio of this decay is pre- Q 4
dicted as X 10 6, using the parameters we list in the — 3
beginning of this section. /A
For the decay oB°— 7#°#°, the situation is similar to 2
that of BO— 7+ 7_7‘. .There are large contributions from both_ 1 eS0T 100 135 a0 1%
tree and penguin diagrams. We show the averaged branching ¢2 (degree)
ratio of B— 7%7° as a function ofg, in Fig. 8. Although :
the branching ratio is small, the dependencepgfis signifi- FIG. 7. Dependence oa” for the branching ratigin unit of

cant. The predicted branching ratioBf— 7°7° is less than  107%) of B~#* 7. a*=0.8,0.4,0 in descending order, respec-
1078, This is difficult for the B factories to measure the tively.
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FIG. 10. CP violation parameters,. . (in percentageof B°
— o~ (solid line), andB°— #%#° (dotted ling, as a function of
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FIG. 8. Averaged branching ratiogn unit of 10°7) of B®
—7%7% as a function of CKM anglep,.

The directCP asymmetry is nearly proportional to si3. CKM angle ¢,

We show the direc€P violation parameter§ercentageas _

a function of ¢, in Fig. 9. Unlike the averaged branching ~ ViVig(f[He B) 42

ratios, the predictec P violation in B decays does not de- P ViV flHerl B®) “

pend much on the wave functions. They cancel each between

the charge conjugate states shown in the above equation. Tiging Eqgs.(35),(36), we can derive as

direct CP violation parameter oB’— 7" 7w~ and #%#° can

be as large as 40 and 20 % whe#n is near 70°. Because 14276092

there is no annihilation diagram contribution iB* Nep=€? P2 ——— (43
0 1+zd(0*t%2)

— a7, the penguin contribution is negligible. The direct
CP violation parameter oB™ — 7" 7% is also very small. It
is a horizontal line in Fig. 9.

For the neutralB® decays, there is more complication

from the B%-B® mixing. The CP asymmetry is time depen-
dent[5,34]:

Usually, people believe that the penguin diagram contribu-

tion is suppressed comparing with the tree contribution, i.e.

z<1, such that cp=exf2i¢,], a.,.=—sin24,, andAl,

=0. That is the previous idea of extracting sipZrom the

CP measurement oB°— 7" 7~ . However,z is not very

(40) small. From Fig. 10, we can see thet, ., iS not a simple
—sin 2¢, behavior due to the so-called penguin pollution.

whereAm is the mass difference of the two mass eigenstates If we integrate the time variable we will get the total
of neutralB mesons. The diredt P violation parameteA2", CP asymmetry as
is already defined in Eq39), while the mixing-relatedC P

Acp(t)=AdL cogAmt)+a,, . sin(Amt),

. ) . . 1 . X
violation parameter is defined as _ dir
ACP 1+X2 CP+ 1+X2a6+5'! (44)
—21Im(Acp) o
B = e 4D \ith x=Am/T'=0.723 for theB%-B® mixing in SM [19].
The integratedCP asymmetries ofB°— 77~ and B
where — a%7° are shown in Fig. 11. Unlike the averaged branch-
20 //// \\\\\\ 20
7 ~
10 // \\\
s ~o 0
—~ 0 —_
S g
T -lo 8, -20
§ 3]
% =
-40
-30 _
-40 -60
T3S s 75 1o I35 iso 1% 0 25 S0 75 100 125 150 175
@2 (degree) @2 (degree)
FIG. 9. DirectCP violation parametergin percentageof B° FIG. 11. The integrate€ P asymmetriegin percentageof B°
—a "o~ (dotted ling, and B"—#"#° (solid line), and B° — a7~ (solid line), andB°— #%#° (dotted ling, as a function of
— %7 (dashed lingas a function of CKM anglep, . CKM angle ¢,.
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ing ratios, theCP asymmetry is not sensitive to the wave _
functions, since these parameter dependences canceled out. Ps= dw Lbg- E %n'—q;,
is rather stable. If we can measure the integr&Zédasym- a

metry from the experiments, then we can use this figure to

determine the value ob,. Os=d_y*Lb,- >, EEMR%’
q/
V. SUMMARY
We performed the calculations oB°—z*7~, BF OG:dﬂ”LbB'Z Ap7uR %, (A2)
q

—a* 70 andB%— #°#° decays, in a perturbative QCD ap-
proach. In this approach, we calculate the nonfactorizable
contributions and annihilation type contributions in addition O,= —da)’ Lb, Z ey quMRqﬂ,
to the usual factorizable contributions. The predicted branch-
ing ratios of B— "7~ are in good agreement with the -
experimental measurement by the CLEO Collaboration. -~ — ,
We found that the annihilation contributions were not as ©8~ Eday#l‘bﬁ' 2 €qr A5 R
small as expected in a simple argument. The annihilation 4
diagram, which provides the dominant strong phases, plays 3 o
an important role in th&CP violation asymmetries. We ex-  Og= EdaY"Lba'E eq,q’ﬁyMLq;;,
pect large directCP asymmetries in the decay oB® q’
— a7 andB%— 77, The ordinary method of measur-
ing the CKM angleg, will suffer from the large penguin 0
pollution. The isospin method does not help, since the  *°
factories cannot measure well the small branching ratio of
B°— #%#°. Working in our PQCD approach, we give the Here « and 8 are theSU(3) color indicesiL andR are the
predicted dependence 6fP asymmetry on CKM angle,. left- and right-handed projection operators with=(1
Using this dependence, the current runniBdactories in ~ — y5), R=(1+y5). The sum oveq’ runs over the quark
KEK and SLAC will be able to measure the CKM angbg. fields that are active at the scalg=0(m,), i.e.,
(9’ €{u,d,s,c,b}).
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port. leading order as
APPENDIX A: WILSON COEFFICIENTS Con=1,
In this appendix we present the weak effective Hamil- C\=0, i=18,10

tonianHes which we used to calculate the hard piitt) in
Eq. (2). The He for the AB=1 transitions at the scale

smaller tharmy, is given as = — % ot % %Q(ZBWL Co),
Sin® Oy
Ge
4W: 87T OR]
10
X 23 C, oi+cgog”. (A1) (M)
Cow=" 247 O
We specify below the operators i for b—d:
_ _ _ _ _ ag(my)
Og=da7"LuB-uﬁy#Lba, O;=da7“Lua-uﬁyﬂLbﬁ, Cew= 8 Eo.
0= d.7Lbo 2 0,105, Cru= e (4Cq+ Do),
q
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by
1
ng 6 4CO+ D0+ (1OBO_ 4C0) y (A3)
Sir? 6y
2 a1 A®@/4
where s(kb)= =—| gin| 2| —q+b +— 34
361 b 4p5\ b
B L X X A(Z) —(2 1|2)|<6) (B2)
=—| — nxi, - - n nf <J.
T 4l1-x " (x—1)2 ap? 3B, TE b
C_x x—6+ 3x+2I o 2
0T gl x=1 (X—1)2 nxit, The above coefficientg, andA'<’ are
4 —193+25x>  x3(5x2—2x—6
Do=— =Inx+ + ( )Inx, _33—2ny
9 36(x—1)° 18(x—1)* Bi=—"13
. 2I +x(x2+11x—18)+x2(4x2—16x+15)|
=——=InX n X,
’ 3 12x-1)° 6(x—1)* A(Z):6_7_7T_2_£)n +§'3 In e_YE (B3)
(A4) 9 3 2717 377\ 2)

W'tn )t(h m¢/ ”:W . " uate the Wil where yg is the Euler constant.

e scalem,<t<my, then we evaluate the Wilson . , -~ ~
coefficients at scale using leading logarithm running equa- ANote that.s '_S defined forq=b, and set to zero foq
tions (C1). In numerical calculations, we usexs <D- As a similar treatment, the complete Sudakov factor

sion with ASS():D_ 193 MeV, derived from,\(cslgD_ 250 Mey. analysis. This corresponds to a truncation at ldrgewhich

Here B,=(33—2n;)/3, with the appropriate number of ac- spoils the on-shell requirement for the light valence quarks.
tive quarksn; . n;=5 when scald is larger tharm,, . The quark lines with largdy should be absorbed into the
The Wilson coefficients evaluated &&m,=4.8 Gev hard scattering amplitude, instead of the wave functions.
scale using the above equations are e~50 =S:0 andeS-® used in the amplitudes are
expressions abbreviated to combine the Sudakov factor and
single ultraviolet logarithms associated with tBeand 7
C;=-0.27034, C,=1.11879, meson wave functions. The exponents are defined as

C3=0.01261, C,=—0.02695,
L In/a)

Cs=0.00847, Cgz=—0.03260, (A5) Se(t)=s(x;mg/+/2,b1) — B, m (B4)
C,=0.00109, Cgz=0.00040,
1 _ —
Co=—0.00895, C,,=0.00216. Sw(t)—s(xsz/\/E-bz)"'s((l Xz)mB/\/z,bz)
If the scalet<my, then we evaluate the Wilson coeffi ! | In(t/A) (B5)
1 - - 5 n—l
y B —In(b,A)

cients att scale using the input of EgA5), and the formulas
in Appendix D for four active quarksng=4) (again in lead-
ing logarithm approximation

SZ(t)=S(xaMg /\/2,b3) +S((1—Xx3)Mg/1/2,b3)

APPENDIX B: FORMULAS FOR THE HARD PART 1 In(t/A)
CALCULATIONS 3. In— In(baA) (B6)
In this appendix we present the explicit expression of the
formulas we used in Sec. Ill. First, we show the exponent
s(k,b) appearing in Eqs(B4)—(B6). It is given, in terms of  The last term of each equation is the integration result of the
the variables last term in Eq(2).
R R The functionh;’s, coming from the Fourier transform of
g=In(k/A), b=In(1/bA) (B1) hard partH, are given as
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he(X1,%2,b1,02) =Ko(yX1xomghy)[ 8(by— b,)Ko(yXamgby) 1 o \XomMgbs,) + 6(by— by) Ko Vxomgb) 1 o(yxamgby)1,

(B7)
hg(X1,%2,%3,b1,02) = Ko( — i \XaxamMgb,)[ (b1 — b,) Ko vx1xamgbi) 1o y/x1X,mgby) + 6(b,— by)

X Ko( VX XaMghy) (VX X,mghy)1, (B8)
hiD(X1,%2,%3,01,b2) = Ko( =i VXaXgmgh)[ 8(b1—by)Ko( —i \XoX3mMghy) Jo( yX2XsMghy) + 6(b, by )

X Ko( =1 yXzXgMgh) Jo( \XoXgMghy) ], (B9)
hi(x1,X2,X3,b1,02) = Ko(VXa X3 = XoX3Mghy)[ 6(b1—b) Ko — i VXoX3Mghy) Jo( VXox3mgh,) + 6(b,—by)

X Ko( =1 yXzXgMgh) Jo( \X2X3Mghy), (B10)

ha(X2,X3,02,b3) = Ko( — i \Xx3mghg)[ 8(b;— bg) Ko —i vXomMgby) Jo( VX,mgbs) + 6(bs—by)
X Ko( =i XaMghs) Jo( \X2mgh2)], (B11)

with J, the Bessel function ankl, |, modified Bessel functionky(—ix) = — (7/2)Yy(X) +i(7/2)Jo(X).

APPENDIX C: WILSON COEFFICIENTS RUNNING EQUATIONS ABOVE m, SCALE

In this appendix, we list formulas for renormalization group running fro¥y scale tot scale, whereg>m, . These
formulas are derived from the leading logarithm QCD corrections with five active qlibéks

1
C,= E( 623 512123

1
C,= E( 61284 1223

C3=0.0510p" %4%%-0.07147 423+ 0.0054; %%~ 0.14037%42%%- 0.01137° 8994+ 1/67'%/?>+ C4,,(0.2868; 7%
+0.0491y~ %%+ 0.65797°%%%% 0.006 17> #9%) + C4,,(0.3287~ %9+ 0.04247 ~ 914%%- 0.3263*42%°
—0.04487°8%%9 + Cg,, (— 0.0629  *4%8%+0.162% ~ 014~ 0.1846,°%%%+ 0.08467°89%) + C,,(0.0447; 04088
—0.0063; %1%~ 0.26107> %% 0.22267"%%%) + Cq,,( — 0.03257 94%%%+0.0357; ~ ¥?*~0.00167 *14%°
+0.2342;04230- 0,25;1423+- 0.0141° 899 + C,,(— 0.0063; *4%86+0.0163; 1456~ 0.0185,;%423
+0.00857"%9%9,

C,4=0.0984 %40%-0.07147 423+ 0.00267 *°%+ 0.1214;%42%%- 1/67'%2%+ 0.01567* 9%+ C4,,(0.553% ~*4%%°
+0.0239; 0-14%6- 0,5693,°4230— 0.0085,°8%%) + C ,,,(0.6348; 040861 0.0206; 01456+ 0.2823,0-42%0
+0.06237°8%99 + C,(—0.1215; 040884 00793, 01456+ 0.1597,°423%- 0.1175;°89%% + Cg,,(0.086 4, 04086
—0.0031y 014561 0.2259,04230— 0,.3092,°8%%) + C,,,( — 0.0627; %485+ 0.0357;  ¢/2°—0.0008; 01456
_0_2027770.4230+ 0.25”12/23_ 0'0196”0.89945 +Co(— 0.0122,]70.4086_‘_ 0.0079,70.1456
+0.01607°42%0— 0.0117,°8%%),

Cs=—0.0397; 249861 0.0304,  %-14%0+ 0.0117,%423%- 0.0025,%89%% C,,(— 0.2233 %4985+ 0.2767;  0-14%¢
—0.05477>4%3%-0.00137°89%) + C,,,( — 0.2559; ~ 04086+ 0.2385; 01456+ 0.0271423%- 0.0098;°89%)
+Ci,(0.04907 %4988+ 0.9171;~ O14%5+- 0.01547%4%3%4 0.0185,%899 + Cy,, ( — 0.0348; ~ 24086-0.0357, 01456
+0.0217;°42%%4 0.0488,°8%%% + Cq,,(0.0253; ~ %4986~ 0.0089;  *-1456-0.0195,°42%%- 0.0031;,°-8%%

+ C7W(0.0049”—0.4086+ 0.0917; 01456 0.17]—3/23+ 0.0015;%42%%4 0,0019,°8%%4,
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C6: 0.03357—0.4086_ 0.01127]—0.1456_'_ 0_023970.4230_ 0.0462770'8994+ C3W(0.18857_0'4086— 0.101777—0.1456_ 0.112070.4230
+0.02517°999 + C4,,(0.21607~ ©49%%-0.087 7~ 01%°%+ 0.0555,°42*°- 0.183%* %) + Cg,,( — 0.0414 0408
—0.3370; %1%+ 0.03147° %% 0.3469%°8%%) + C4,(0.0294; ~*4%%%+ 0.0131 *145%+ 0.0444;°42%0
+0.91317%%9%) + Cg,,(— 0.02137~ *49%%+ 0.0033;~ 914%%-0.039%°4***%+ 0.05797°%%%) + C7,,( — 0.004 1~ *49%

_ 0_033777—0.1456+ 7]—3/23/30+ 0_0031770.4230+ 0_0347770.8994_ 7724/23/30) ’

C,=Coyn %

1
Cg=3Crml(— 7 ¥+ 2429,

1
Cg: ECQW( 7]—6/23+ 7]12/23)’

1
Cio= 5 Co( 7~ 823— 712123, (Cy

where = a4(t)/as(my).

APPENDIX D: WILSON COEFFICIENTS RUNNING EQUATIONS BELOW m, SCALE

In this appendix, we list formulas for renormalization group running frogscale tat scale, wheré<my, . These formulas
are derived from the leading logarithm QCD corrections with four active quarts

1 1
Ccl: §C2(§76/25_ §12/25) + ECl(g76/25_|_ §12/25)’

1 1
CCZZ ECZ( g— 6/25+ §12/25) + Ecl( g— 6/25__ £12/2%,

CC3=C,(0.3606 °3%%%+0.0316G ~%1%1"- 0.3626 2%~ 0.0297 %4>} + C,(0.014g ~ 23449 0.002Q ~ %13
_ 0.498]§0'4201+ 0_5§12/25_ 0_01480.8453) + C2(0_065]§70.3469_ 0.0833 " 6/254 0_004670.1317_ 0.226@0'4201
+0.2512%5-0.0099 %845} + C4(0.3308 ~ *-3*6%+0.0356, ~ ©13174+ 0.6337 42— 0.000% *-54%
+C4(0.050Z ~©3469-0.0833 ~ %25+ 0.0066 ~*1317+0.271 74201~ 0.25,12%5+0.004g *845Y
+Cg(—0.0149 ~03469-0.002q ~ *3174- 0.4981 %4201 0.5;12/%5+0.0148 08459
+Cs(—0.059g ~ 3469 0.1371 - %1317 0.1473 %4214 0.070Q *#*%)
+Cg(0.0377 %34%%-0.0045 ~°137-0.221Q***°+0.18775°°4%)
+C4(—0.015Q ~36%+0.0343 ~ %1317~ 0.0368 04271+ 0.0175°84%) + C4(0.00% ~ ©-34%%-0.0011 ~ 37
—0.0553 %494+ 0.046Q %54,

CC,=C4(0.064Q ~234%9-0.002% ~ 137+ 0.201g %429~ 0.2637° %%} + C5( — 0.1015¢ ~*34%%+0.0653g ~ 013
+0.1345°4%091-0.0983G 8% + Co( — 0.02528 ~ 934%%+ 0.000g ~**31"- 0.454g 94204+ 0.51%/%°- 0.0207*#*%)
+C4(0.08515 ~0349-0.083F ~¢>+0.0031, ~ 131"~ 0.24809 *420%+ 0.25,1425- 0.00688 *44%Y
+C3(0.5615 2349+ 0.0169g ~ 01317~ 0.5787 %49+ 0.000Z %845 + C,(0.1104 ~ *3469- 0,083 ~¢/%
+0.0022 - 013171 0,206 %4202 0.2512%5+ 0.013% *845Y + C(0.0253 ~*-3469-0.000g ~ 1317+ 0.4549 0420
—0.51%%%+0.0207°%%) + C,(0.612% ~ *%%%%+0.0151 ~ 0131+ 033112429+ 0.0417° 5% + C5(0.016Q ~°34%°
— 0.000370.1317_’_ 0'05030.4201_ 0.065g50.845]) + C7( _ 0.0254_,:70.3469_{_ 0.016170.1317_’_ 0'033q0.4201
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_ 0_024@0.8451) ,

CCs=Cy(—0.229% *%4%-0.2167 ~ *13'"+0.0192 %49~ 0.006 7% %) + C,(( — 0.0095 ~**%%-0.013¢ ~ 3/
+0.0264°42°-0.0034° %% + C,(—0.0413 ~ %34%%+0.0316 ~ ***'"+0.012Q*4?°-0.0022*4>}
+Cy(—0.2107 ~93%%%+0.243g ~ *131"-0.033q*4?”) + C;(— 0.031g ~ %%+ 0.0457 ~ *131"- 0.0144 420
+0.001%°8%h + C4(0.009% ~*34%%+0.013@ ~ 21317 0.0264 **?9+0.0034 %84 + C5(0.038Q ~234%°
+0.938Z ~ %1%+ 0.0078 4?4+ 0.0159 %4> + Cq( — 0.024Q ~ 934%%-0.0308 ~ *+*1+0.0117°%4%**
+0.0427°8%Y + C4(—0.006@ ~ *34%%-0.0076 ~ °*31"+0.0029°**?°%+0.0107°8%} + C,(0.009F ~ 3469
+0.2346 ~01317-0.25, 7375+ 0.002Q *42°1+ 0.004Q * %9,

CCg=C,(0.1825 ~23409-0.0784 ~ 01371 0.0449 04291 0.14894 %85} + C,(0.0075F ~ 3%+ 0.004g ~ 0134
+0.0617°20-0.07412%8%) + C,(0.032g ~ *-4%°-0.0114 ~°*317+0.028@q 242°'- 0.04959#*%)
+C;5(0.1674 ~2349-0.0882 ~ 9137~ 0.0784 429"~ 0.0007 %) + C;(0.0254 ~*3%%°-0.0163 ~ 013"
—0.0336 291+ 0.0246°8*%%) + Co( — 0.007F ~934%%-0.004g ~ %131~ 0.0617°42°"+0.07417°8*%)
+Cs(—0.0303 ~93%9-0.3395 %1317+ 0.018Z %"+ 0.35157° 8% + C4(0.019% ~ 3499 0.011Q ~ 043
+0.0274°420140.9425F %84%Y + C4(0.0048 ~*34%%+0.0028 ~ 0131+ 0.0068 *42°+ 0.2356 *84°1- 0.25,2429)
+C4(—0.0076 ~93%%9-0.084g %3174 0.0833 ~ %>+ 0.004°*4**"+ 0.087¢ %941~ 0.0833 %9,

CC,;=C, ¥,

CCa=Cof — ¢ 3254 (24253 4 Co 724125

CCy=Cyo 0.50 525 0.571225 1 Co(0.57 625+ 0.5¢12/25),

CCyy= Co0.50 625 0.5712/25 4 C,(0.5¢ 625+ 0, 571225, (D1)

where = ag(t)/as(mg). Here AG2,=250 MeV.
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