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We apply the method of QCD light-cone sum rules to calculate nonfactorizable contributions B the
—J/¢yK decay and estimate soft nonfactorizable corrections t@jh@arameter. The corrections appear to be
positive, favoring the positive sign @k, in agreement with recent theoretical considerations and experimental
data. Our result also confirms expectations that in the color-suppressed decay nonfactorizable corrections are
sizable.
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I. INTRODUCTION a,, while the PQCD hard scattering approde and the

In nonleptonic decays of 8 meson one can study the calculation done in QCD factorizatidb] gave the positive
effects of hadronization, perturbative as well as nonperturbavalue for thea, parameter. Moreover, a detailed analysis of
tive dynamics, final state interaction effects, &D& viola-  the experimentally determine®meson branching ratios, al-
tion. Measurements of e.x.cluswe nonleptoBicecays have_ though by assuming the universality of tlag parameter,
reached sufficient precision to challenge our theoretl_cabi\,es conclusive evidence that generally the parameter
knowledge of such decays. It became clear that calculationgyoy|d be positivé6]. On the contrary, the negative value of
have to reduce their theoretical uncertainties in order to makg2 would indicate that the N, term and the nonfactorizable
real use of data. Nowadays there exist several approach@grt in the amplitude tend to cancel and would therefore
wh|qh shed more _I|ght on the dynamical background of eXonfirm the largeN, hypothesig7]. The validity of this hy-
clusive nonleptonic decays. The most exploited ones argothesis was established in two-body meson decays
QCD factorization[1] and the perturbative PQCD approach yile, up to now, different attempts failed to prove this as-
[2]. The PQCD model assumes that the two-body nonlepgymption forB decayssee, e.g., the discussion[i]). How-
tonic amplitude is perturbatively calculable if the Sudakoveyer the sign ambiguity cd, cannot be solved experimen-
suppression is implemented to the_ ca]culatmn. In QCD factally by considering th8— J/yK decay alone. One of the
torization one can show the factorization of the weak decay,qgsipilities is to consider the interference between the short-
amplitude at the leading orderny level and can systemati- 5.4 long-distance contributions B—KI*1~ [9].
cally considgr perturbatively calculable nonleading terms of  Ngnfactorizable corrections due to the exchange of hard
1/my, expansion. None of these approaches can take nonp&giyons were calculated @(«.) in QCD factorization. In
turbative O(1/m,) terms into ac_cqunt, but there is no evi- this paper we concentrate on the light-cone sum rules
dence that such terms are negligible. (LCSR) estimation of soft nonfactorizable contributions in

The_B—>J/wK Qecay is interesting for sever_al reasons.ihe B J/yK decay coming from the exchange of soft glu-
There is a large discrepancy between the experiment and this petween thé/¢ and the kaon. The calculation is based
(naive) factorization prediction. The naive factorization is yn the LCSR method of Ref10]. This method enables a
based on the assumption that the nonleptonic amplitade  .,nsjstent calculation of nonperturbative corrections of had-
tained in terms of matrix elements of four-quark operators byonic amplitudes inside the same framework reducing there-
using the effective weak Hamiltoniawan be expressed as a ore the model uncertainties.
product of matrix elements of two hadronfbilinean cur- The paper is structured as follows. First, we discuss the
rents. It also predicts vanishing matrix elements of four-reqits of the(naive factorization method in Sec. Il. The
quark operators with the mismatch of the color indices. Thg ~gR for theB— J/ /K decay is derived in Sec. Ill. Next, to
naive factorization hypothe3|$( f;as been confirmed experighoy the consistency of the method, we prove the factoriza-

* — * . . . . .

mentally only for class-B—D'M(M=,p,a,,05,D5)  tion of the leading order contribution in Sec. IV. In Sec. V,
decays. On the other hanifl— J/ K is the color-suppressed the calculation of the soft nonfactorizable corrections is done
(class-) decay and therefore a significant impact of nonfac-py including twist-3 and twist-4 contributions. Section VI
torizable contributions is expected. o assembles the numerical results. In Sec. VII, using the results

Effects of a violation of the factorization hypothesis in the of calculation, we discuss the impact of the nonfactorizable

B— J/¢K mode have been, up to now, calculated by usingerm on the factorization assumption and the implications of
different theoretical methods, resulting in the sign ambiguityihe results. A conclusion is given in Sec. VIII.

of the decay amplitude, i.ea, parametefa, parameter is

the effective coefficient of four-quark operators in the weak

Hamiltonian; I|t is defined beIOV\(/j_by §q$14) ang(lS)].lThef Il EACTORIZATION HYPOTHESIS AND
QCD sum rule approacf8] predicted a negative value for NONFACTORIZABLE CONTRIBUTIONS

The part of the effective weak Hamiltonian relevant for
*On leave from the Rudjer Bievic Institute, Zagreb, Croatia.  the B—J/K decay can be written in the form
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Gr fy,=405=14 MeV. (8
HW:EVCbV:s[Cl(P“)Ol_F Ca(u)O2], 1)
The F 5y form factor is defined through the decomposition

which can be further expressed as o
(K(a)sy,bIB(p+a))=(29+p) ,Fax(p?)

GF % Cl(lu’) -
Hw=—"=VenVed | Co(p)+ —5—] 02+ 2C1 (1) O;|,
‘/5 3 sz_mﬁ + 2 0 (2
2 + 7 Pul —Fek(P)+Fgk(p9)] (€)
where
and estimated from the light-cone sum rujé4,12 has the
= — ~  [=. N4 _#)\a value
O,=(cl',c)(sI'*b), O,= CF#7C sI’ 7b .
©) Fek(m,)=0.55=0.05. (10)

Herel' ,=v,(1—vys5), V,;’'s are CKM matrix elements and ; ; ; ; ;

n Yu i By neglecting corrections in EE5), the (naive factoriza-

as,

TS are SU.(B) color 'm'atrlces:l(,u) andC,(y) are shqrt- ._tion expression for thB— J/ /K decay emerges. Taking into
distance Wilson coefficients computed at the renormalization, .o nt the NLO Wilson coefficients calculated in the naive
scale u~0O(m,). The O, operator appears after the dimensional regularization(NDR) scheme [13] for u
projection of the color-mismatched quark fields @ =my(my) =4.40 GeV andrEl—225 MeV
=(cI',b)(sI'#c) to a color singlet state: MS

1 5 C1(my(my))=1.082, C,(my(my))=-0.185 (11
OlzN—(92+ 20,. (4)
¢ and using thé8 meson lifetimer(B*)=1.653+0.28 ps, we
The 1N, term is the origin of the factor 1/3 in Eq2). obtain for the branching ratio in the naive factorization
Under the assumption that the matrix element for Bhe
—JIyK decay factorizes, the matrix element of e op- B(B—J/$K)P=3.3x 1074, (12)

erator vanishes because of the color conservation and the rest
can be written as with the uncertainties in the order of 30%. This has to be

compared with the recent measuremgnit]

Cl(ﬂ)}

Gr
(I yK[HW|B)= Evcb\/:s[cz(ﬂ) +—3 B(BT—J/yK*)=(10.1=0.3=0.5 X 10"%,

B(B°—J/yK%) =(8.3+0.4+0.5) X 10 4. (13

)

Aqcp
My

><<J/¢;K|(92|B>fa°‘{1+O(as)+o
Obviously there is a large discrepancy between the naive
where the second and the third term represent hard and sd#ctorization predictior(12) and the experiment.

corrections to the factorizable amplitude, respectively. Returning to the expression for the—J/4/K amplitude
The factorized matrix element of the operay is given ~ (5), the corrections are given as an expansion im,land
by as. Apart from theO(ag) corrections to the factorizable
part, there are also nonfactorizable corrections, which can be
(I p(P)K(Q)|O,|B(p+ ) either due to a hard gluon exchange or due to a soft gluon
_ _ exchanggdenoted in Eq(5) asO(as) or O(Agcp/my,) cor-
=(Jlp(p)|cl ,c|0)(K(q)|sT*b[B(p+q)) rections, respectivelybetweend/ and theB—K system.
=26'qu/.pr/¢,F§K(m§/¢,). 6) To be able to discuss the impact of the nonfactorizable

terms, it is usual to parametrize th#/ K|H,y|B) amplitude

where meson momenta are explicitly specified aptl N terms of thea, parameter ag6,8]

=m?,,. TheJ/y decay constant is defined by the relation
S * + 2

B (I YK[HW|BY = V2GVepVise- amy yf yFaw(mi,)a; .

(Iy(p)|cy,cloy="1y,my e, (7) (14)

with €, being thel/y polarization vector which satisfies the The effective paramete, is defined by
conditione-p=0. Thef,, denotes the)/¢ decay constant

determined by the experimental leptonic widih(J/y Cylp) Fie(w)
—1%17)=5.26+0.37 keV by using the leading order calcu- a,=Cy(u)+ ! +2Cq(p) +BK — (19
lation: 3 FBK(mJ/(p)
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Brre=Tr 1 s rre s 17 FT 57 T &7 compensate for the overall smallness of the factorizable part
and bring the theoretical estimation ®&f in agreement with
experiment.

One can note significant dependence of the theoretical
h expectation for the partial width in Fig. 1, which brings an
' uncertainty in the prediction foFgy(u) of the order of
30%. This uncertainty is even more pronounced for the posi-
o . tive solutions ofF g (). The values foF 5, extracted from
sk . experiments,

B —IAK) (x 107 GeV)

Fak(my)=0.028 or Fgy(my)=—0.120,

T Fax(mp/2)=0.046 or Fg(my/2)=—0.095, (19

0.05 0.10

clearly illustrate thew sensitivity of the nonfactorizable part.
In the following we will calculate the nonfactorizable

contributionngK, which appears due to the exchange of soft

gluons, by using the QCD light-cone sum rule method.

FIG. 1. The partial widthl'(B—J/¢K) as a function of the
nonfactorizable amplitudE gy .

The part proportional to thﬁgK represents the nonfactoriz-

I ~ lll. LIGHT-CONE SUM RULE FOR (J/4K|O|B
able contribution from th&, operator QryK|oIB)

A. The correlator

(IYK|Oy|B)=2€-qmy;,f 5, Fer( 1) (16) To estimate the soft-gluon exchange contributionsBto
_ _ o —J/yK we use the method developed [ih0] for the B
andF g, =0 corresponds to the naive factorization result, Eq.— v case. In this approach one considers the correlation

(6). function:

Because there is no expligit dependence of matrix ele-
ment (6), the . dependence of, needs to be canceled by _2 f 4 _i(p+q)xf 4, i(p—K)y
the nonfactorizable term. The nonvanishing nonfactorizable F.(p.ak)=i d’xe dlye

part is also required in order to suppress the strong renormal-
ization scheme dependence of the effective paramamter
[15]. _ _
Nl B - :
Using the parametrizatiofil4) we can extract tha, co-  Wherej;"=cy,c andjc=mybi ysu are currents interpolat-

efficient from the experiment. From the measurem¢h®  ing thed/yy andB ™ meson fields, respectively. The correlator
one obtains is a function of three independent momenta, chosen by con-

venience to bey, p—k and k. Diagrammatically the cor-
|ag?=0.29+0.03, (17)  relator is shown in Fig. 2.
Here, it is important to emphasize the role of the unphysi-
with the undetermined sign @f,. cal k momentum in the weak vertex. It was introduced in

On the other hand, with the NLO Wilson coefficients from order to avoid that th& meson four-momenta beforey)

X(K(Q)|T{i7(y)0(0)j2(x)}[0), (20

Eq. (11), the naive factorization yields and after the decayR) are the same, Fig. 2. In such a way,
one avoids a continuum of light contributions in the disper-
Cy(my) sion relation in theB-channel. These contributions, like

fact _ _ — —

aznio= Ca(mp) + 3 0176, (18 pD* or D*Dy, have masses much smaller than the ground
stateB meson mass and spoil the extraction of the phydical

which is significantly below the value extracted from the State. Also, they are not exponentially suppressed by the
experiment. Borel transformation(see, for example, the discussion in

Following [8], in Fig. 1 we show the partial width fa8  [16D.

: : L= The correlato20) for nonvanishingk is a function of six
—JIyYK as a function of the nonfactorizable amplitudgy . . : S .
vK unct 'z PlTUEg independent kinematical invariants. Four of them are taken

The zero value of i corresponds to the factorizable pre- to be the external momenta squared:-q)2, (p—k)2, o2
diction. There exist two ways to satisfy the experimental 2 2nd additionally we tak@zz(.p—k‘+ )2 and pzf

demands on th&g, . According to the large N rule as- e neglect the small corrections of the or@m2/m2) and
sumption[7], one can argue that there is a cancellation betakeq2=mﬁ=0. Also, we sek?=0. Thep? momentum is

tween the M. piece of the factorizable part and the nonfac-{q the moment kept undefined, in order to be able to make
torizable contribution(15). That would demand a relatively nrestricted derivation of the sum rules. Its value is going to

small and negative value &g. The other possibility is to  be set later, by considering the twist-2 calculation of the
have even smaller, but positive values fy, which then  factorizable part, Sec. IV, and will be chosgA= mﬁ,w in
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K(q)
K(q)
\ B Iy
#p+a) / Lo ) M-k
b= Y P=(prgk)
b Be+9) K

FIG. 2. B—J/¢yK decay in LCSR. The shaded oval region denotes nonperturbative inpit,nteson light-cone distribution amplitude.
J/ and theB meson are represented by the currgt4p—k) andjB(p+q), respectively. The square stands for Befour-quark weak
operators.

order to reproduce the factorization result, Eg). Further- On the other hand, for spacelikp € k)%< m§,¢, far away
more, we take §—k)?, (p+q)?, andP? spacelike and large from the poles associated with the resonances and continuum
in order to stay away from the hadronic thresholds in bothstates, the correlatdt, can be calculated in QCD in terms of
the J/¢ and theB channel. Altogether we have the quark and gluon degrees of freedom and written in a
form of a dispersion relation as
9*=k*=0, p2:m§/lj/’ |(p—K)|?>Aqep,

1 * d lmsfv(sr(p+q)21P2!p2)
S

+9)1>>Aocp,  |PIZ>Agcp. 21 Fr== : (25)
l(p+a)l ocos  |Pl Qco (21) 7 ) an? s (p—K)?
B. Derivation with the kinematical decomposition
The first step is the derivation of the dispersion relation

from the_correlato(ZO). Inserting a complete set of hadronic F,=(p—k),FP 04k, F®4q,FO@
states with thel/ quantum numbers between thé) cur-
rent and the weak operator in E@0) gives us the follow- + €,08,(P—K) “KPQF (). (26)
ing:

. By assuming quark-hadron duality one substitutes the

Marytary * (V) 2 52 2 hadronic spectral density’? in Eq. (22) with the one cal-

= ¥ IF II((p+q)2,P2p2 M. g h,v

m3,,— (p—k)? ; e T(pra)”Phpne™-a) culable in QCD and replace§”’*) with the effective thresh-
old of the perturbative continuunsy”, i.e.:

14

F P, (P P2 pY) .
R s—(p—k? piv(s,(p+0)% P?p)0 (s—sp'")
1

where g;=p,q,k and €™ (p—k)=0. The sum runs over = ZImF,(s,(p+ )% P2,pY)0(s—sth).  (27)
the polarizations od/¢. The lowest state contribution satis- ™
fies

By matching the hadronic relatiofR2) with the QCD

<0|E),VC|J/¢(D_|(,6(M)>=mJ/wfwej ™) (23)  calculation(25) one obtains the sum rule expression

and (p—k)?=mj,. In Eq. (22, pp¥ and s;*) are the Myruf 310

spectral density and the threshold mass squared of the lowest 2 o2 Pk ; e M (p+a)2,P?,p2eM . q))
excited resonances and continuum states ofiflgechannel, oy~ (P
respectively. 1 IMaF(s.(p+0)2 P2 p2
The hadronic matrix element of interest is denoted by =2 % ds— /s.(P+)".P7p ). (28
7 J ang s—(p—k)?

(p+a)%P?%p? eV q)
In order to reduce the impact of the approximati@?)

:if dxe i (PFax and to suppress contributions from excited and continuum
states, as usually done for quarkonium systems one performs
. n derivations in the momentump{k)? and receives
X (31—, €)K(a)|T{O(0)jE()HO). PEk)

n-moment sum rule for the correlator II((p
24 +q)?P%p%eM.q;) of the form
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2
mgfg
———— > &N p(p—k,eM)
mz—(p+a)? X
2 2
:;J%"”dsw xK(q)|0(0)|B(p+q))

a mJ/l//fJ/d, 4m§ (S+Qg)n+l

lesfv(sy(p+q)2,P21pz)r (29) B 1 fsg/wd (m§/¢+ QS)nJrl
amg (s+Qg)"

; e MM ((p+q)?,P?,p%eM.q)

T2
Myt
where Qg is the sum rule parameter and that role will be ,
discussed later, in Sec. VI. y ffz(s,sgsz,pz) ds
We proceed by using the analytical properties of the m? s'—(p+q)?
((p+q)?P?p%eM.q) amplitude in the p+q)? vari-

able of theB-channel and insert in E§24) the complete set XImgImF,(s,s',P?,p?) (32)
of hadronic states with thB meson quantum numbers which
yields and after the Borel transformation ip¢ q)? variable, we
can further write
mgfg
2 eM(p+a)?pPipte.q)=—5———
% m—(p+a) > e Mp(p—k,eM)K(q)|O(0)|B(p+q))
X
X2 €Ok eM)K (@) 0(0)[B(p+a)) 1 jsé’”'d (M2, + Q)"+
= S—
B (o P2 n2 7% My f yymifg Jam (s+Q{)"*t
foc d /ph,v(s ,P P ) (30) 5
sh® ° s'—(p+q)? « jfi(sy%,szpz)dsremgfsf)/mz
My
In above, as before, it is assumed that in the last term the XImg/ImgF,(s,s',P?,p?). (33

polarization sum is already done.

The QCD part, given by the right-hand side of B89 | the aboveM is the Borel parameter and the functibsis
and rewritten in a form of the dispersion relation, now in thehe ypper limit of thes integral after subtraction of con-
(p+0)? variable, exposes the form of the double dispersioninyum of B channel.
relation as Further, to extract the kinematical structure of interests,
we  decompose  the matrix  element (J/4(p
—k,eMK(a)[0(0)[B(p+aq)) as

1 g m2 + 2\n+1
_fso dSM"’nsﬂ(S,(Nq)z,Pz,pz)

Tt (st QM (31p(p—k,€M)K ()| O(0)|B(P+ )
s (m§,¢+QS)“+1Jf1(s,P2,p2) ds’ = - qAD + 6. kA® 1 ¢, e20oE(p—k)PkogE AL,
2 J am? (s+Qp"t Jm} s'—(p+0)? (34)
X Img ImgF,(s,s',P?,p?). (31

By inserting this expansion in the expressi@8), after

. N . the summation of the polarization vectors
From the Maldestam representation of the kinetic variables P

one can see that the integration limit of tee variable is

going in general to depend an P2, andp? and we denoted

these dependence Hy(s,P?,p?). In the following, those > e’;(”e&”=( ~Oua

terms which disappear after taking moments inihé chan- »

nel and after making the Borel transform in BBehannel are

neglected. _ one obtains the sum rule for different kinematical structures:
In order to subtract the continuum @& states, we ex-

change the order of the integration in E§1) and use quark-

hadron duality inB channel in a sense that the spectral den- —k,AN—q,AD—¢, . (p—k)Pqk:A

sity pp is approximated by the’'=s} part of the double

dispersion integra(31), wheresg is the effective threshold +(p—k) (p—k)-k AR 4+ (P—k)-q A(q))

of the perturbative continuum in ti& channel. Therefore "\ (p—k)? (p—k)?

+(p—k)y(p—k)a

3
(p—k)? ) 39
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1 jsgw ds(mim Qj"+?
(S+ Qé)n+1
% Jfz(s,sg!Pzipz)dsre(mé—s’)/MZ

2
My

) 2 2
1y mJ/l//f‘]/(/,meB 4mg

X ImgImdk, FO+q, F@+(p—k), FPH
+€Vpo’§(p_k)pqo—k§ F(s)] (36)

The coefficient function in front of — k), looks like

(p—k)? (p—k)?
which is a consequence of the consendg current. The
sum rule expression for th&(P~ part reads

A@ . (37

2 2\n+1
AP—K = ! f s (M, +Qo)"
2 2 2yn+1
T mJ/¢fJ/¢meB 4m§ (S+Q0)n+
B
« ffZ(s’so'Pz'pz)dsle(mé—s’)/Mz
2

My
X Img ImgF (PR (s,s",P? p?). (39

At the end we analytically continu®? to P?=0, and

PHYSICAL REVIEW D 68, 034004 (2003

appear only due to the massieeuarks, or the vector struc-
ture of thed/y current, but mainly due to the local duality
assumption in the)/¢ channel, which is expected to work
much worse than in the pion channel in tBe- 77 decay.
Although it is possible to stay away from the excited and
resonant hadronic states in tldéy channel, one can still
expect that there will be an influence of tigé resonance,
which, in a more precise calculation has to be taken into
account explicitly. The technical difficulties which are in-
duced by the fact that the value of tR& parameter is close
to the hadronic threshold df s are left for the discussion in
Sec. V.

IV. FACTORIZATION IN THE LIGHT-CONE SUM
RULE APPROACH

We first consider the contribution of th@, operator. As
we have shown in the Introduction, this operator contributes
to the factorizable part of the matrix element
(I g(p,eM)K(a)[Hw|B(p+0)).

The main contribution comes from the diagram shown in
Fig. 2, where forO= O, there is no interaction between the
charm loop and th8 —K system at the leading level. There-
fore the calculation of this contribution is rather simple. Ac-
cording to the expressiof#0), the (p—Kk), part of the cor-
relation function(20), F®~X needs to be calculated and its
double imaginary part has to be extracted. The calculation

choosePzzmé. This enables the extraction of the physical proceeds in several steps. One inserts first explicitlyJilye

matrix element because the unphysical momenkudisap-

andB currents in Eq(20), and takes the expressid8) for

pears from the ground state contribution, due to the simultathe operatorQ,. The c-quarks are contracted to @c-loop

neous conditions applied®?=m3 and (p+q)2=m3. From
Egs.(34) and (37) follows

(I1(p,eM)K(a)|O(0)|B(p+a))
2p?

22
Mmg—p

(39

and the final sum rule relation for the physical matrix ele-

ment(J/y(p,eM)K(q)|O(0)|B(p+q)) takes the form
(Ip(p,eM)K()]O(0)[B(p+0))

1 Jsglwds(m§,¢+QS)”+l 1
amg - (s+Qg)"'* mafe

=2e-qmy,fyy

2¢2
7Tf‘]/¢

2

B 2 2

fo(s,Sq Mg ,P?) 2 o 2

XJ 21>>0-1''B ds/e(mB s")IM
My

p2

2 2 2
mj,,(Mg—p*)

Img IMmgF P~ (s,s",m3 ,pz)H .

(40)

Some comments are in order. TBe»J/ /K case seems
to be much more complicated than the decay Bfraeson to

and can be then independently integrated. The contraction of
b-fields produces a freb-quark propagator and the rest of
the fields are organized into the leading, twist-2 kaon distri-
bution amplitudedy . Explicitly, we obtain

2 o0
F&‘Czk):mbef i
472 Jaml s—(p—k)?
ok (u)

ma—(p+qu)?’

2m?
1+ C)
s

p—k)

1
x\/1—4m§/sj du
0

(41)

where ¢ (u) is the kaon twist-2 distribution amplitude de-
fined by

. 1 .
(K(@[5(0)7,.75000[0) = —ia, T | due™ ().
42

The first integral in Eq(41), apart from the kinematical
factor q- (p—k), is nothing else but the charm loop contri-
bution to the vacuum polarization calculated in the sum rule
approacH17]. The second integral, considered in the leading
twist approximation, reduces exactly to the light-cone twist-2
expression for thé g, form factor[11,12. This part, with
the substitutionu= (m3— p?)/(s’ — p?), can be rewritten in a

two light pions discussed if10]. The complication does not dispersion form as
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1

fdu
0

by ()
mz—(p+qu)?

oo

)

In such a way the expressidfl) receives the needed double
dispersion form from which the double imaginary partsin
ands’ variables can be trivially extracted.

The contribution of the), operator to théB— J#K ma-
trix element then follows from the sum rule relati¢40):

ds’
bs'—(ptqg)?s’

1
> oku(s"). (43
—p

(I p(p,eM)K ()| O2(0)[B(P+T) )2

=26~qu/¢ (m§/¢+QS)n+1JSf,”’ ds
fary 472 am? (s+Q5)"*t
2 2 T2
m m
x| 1+ °> 1—4m§/spT >
S Myy p )
==
mg
2 ' 2_ 2
fkmp fScB) ds etmg-sm2y M7 P
2fgm3Jm? s’ —p? s'—p?
22€'qu/.//fJ/¢/F§ﬂK(p2)- (44
Here we see that the amplitude

(31 (p,eM)K(q)|O,(0)|B(p+q)) factorizes and in a good
approximation the factorizable expression for the
(I y(p,eMK(q)|0,(0)|B(p+q)) amplitude, given by Eq.
(6), is recovered fopzzmﬁ,d,. In the first parenthesis, apart
from the small (1 s/m3)/(1—m3,,/mg) correction, there is
the leading order expression for thi‘;\(,, in the QCD sum rule
approach. The correction is the result of calculation with th
nonvanishingk momentum. The second parenthesis in Eq
(44) gives the twist-2 contribution to theg,(p?) form fac-
tor. By reproducing the factorization result fof= mf,w, we

fix the valuep2=m§,¢, also in the further calculation.

V. SOFT NONFACTORIZABLE CONTRIBUTIONS
IN THE LCSR APPROACH

For a discussion of nonfactorizable contributions to the

B—J/4K decay, we need to do a systemati¢ and twist
expansion of the correlatd20).
After explicit insertion of the interpolating/ ¢ andB me-

son currents and the operat8s or O,, the correlation func-
tion (20) can be written in the form:

03400
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F,,(p,q,k) — me’ d4xe—i(p+q)xJ’ d4yei(p—k)ijkAIm
X(K(a)|Tr[,8)(y,00me)T S (0,y|mg)]

X ST#S™(0x|mp) y5u"|0), (45)

wherei,j,k,I,m,n are color indices,S(x,y|m) are quark
propagators defined in Eg46) below, andA" =" or A"

=T =(\?2)!l for the insertion of the®, or O, operator,
respectively.

The ag and twist expansion is achieved by considering the
light-cone expression for quark propagators. Up to terms
proportional toG, the propagation of a massive quark in the
external gluon field in the Fock-Schwinger gauge is given by
[18]

S(x,%lm)=—i(0[T{q'(x1) G (x2)}|0)

_f d*k

(2m)*
— foldvgng"[vX1+(l—U)X2](

+m .
&Y

eik(x1x2)[ K
k2_ m2

a

\ )ii

2

1 k+m

2 (k2_m2)20-/“’_

|

From the above, considering the color structure of ¢the
operator, we can easily deduce that the nonfactorizable con-
tribution from this operator appears first at the two-gluon
level and is therefore o®(a§). On the contrary, nonfactor-

izable corrections from thé, operator are already given by
the one-gluon exchange. The leading hard nonfactorizable
contributions are due to the exchange of a hard gluon be-

tween thec-quark(antiquark and one of the remaininig, u,

or s quarks, see Fig. 2. These contributions emerge at the
two-loop level and although they are calculable in LCSR,
their calculation is technically very demanding and will not

1

% k2 —m?

XU(Xl_XZ)ﬂyV (46)

%e discussed in this paper.

Insertion of the gluonic term of the propagator
Si(y,0m.) or S€(0y,m,) vields the contributions repre-
sented in Fig. 3. These are the leading soft nonfactorizable
contributions. In terms of the light-cone expansion they are
of the higher twist and described by the three particle kaon
distribution amplitudes defined by the following matrix ele-
ments:twist-3 distribution amplitude

(0[s(0) 7., ¥5G ap(vy)U(X) K" (a))
=if k[ (009,98, ~UpYar) ~ (Ual,9p,
—0p9,90a,)] f Dapay(aj, )€™ Ixatyres);
(47)
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K@)

K@

So+a) k FE()

twist-4 distribution amplitudes

(0[s(0)iy,G.5(vy)u(x)|K*(q))

qaxﬁ_ qBXa
M qX

fo Daib)( o, p)e Ietyves)

+(g,iaqg—gtgqa)f Daid, (a; ,p)e 19xertyvas),
(48)
(0[s(0) 7, ¥5G o g(vY)U(X)|K ™ (q))

quXB_ qﬁxa
M qX

fo Dai¢y|(a; ,p)e 1axertyvas)

"'(gian_giﬁqa)f Do, (aj,p)e 9 tyras),
(49
In the above,G,z= 3 €,p,,G"", GP"=gs \¥2 G”, Da;
=daydaydazé(l—a;—az—asz), and gﬁﬁzgaﬁ_(xa%

+Xs0,)/qx. Both twist-3 and twist-4 distribution ampli-
tudes contribute at the same order. They are parametrized

1
ol a, ,m=360a1a2a§(1+a<m§<7a3—3>+ b(u)

X[2=4aa;—8az(1—asz)]+c(u)

X 3a1a2—2a3+3a§ ), (50
2 o1
$1 (@i ,p)=306%(p) (a1~ az)ad 3 +2e(p)(1-2as) |,
(51)
¢\|(01i ,M):12052(M)€(M)(a1_012)61’1&20131 (52)

. (@, ) =300%(w)a3(1— as)

1
§+26(M)(1_2a3)}
(53

1
—+6(M)(1—3a3)}-

(i, w)=—1206%(pn) arazas 3
(54)
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FIG. 3. Soft nonfactorizable
contributions to the correlation

k) function (20).

ol

The parameters are estimated from sum r{28s21] and the
values are listed ifi3]. In the numerical evaluation we use
the asymptotic form of the above expressions where
a(w),b(w),c(un), and e(u) dependence is neglected. The
asymptotic expressions for twist-3 and twist-4 distribution
amplitudes should provide sufficiently reliable estimates of
already subleading contributions.

The QCD calculation of two diagrams in Fig. 3 at the
twist 3 level yields

my 1 .
FE&;")=— b 32'Kf dvaai . dax(ai,p)
4 Jo mi—[p+a(l—ay)]?
1
Xf dx
0

2x%(1—x)
+2(1-v)q-(p—k)],

mq(p—k)[@—v)qk

(55)

where Q= p—k+vazq. Comparing the above expression
with the one obtained for thB— 77 casg Eq. (26) in [10]],
we can see that there is an additiorahtegral for the mas-

sivecc loop. Otherwise, the expressions are the same and for
—0 the result from Eq(26) in [10] is exactly recovered,

p to a sign, which can be traced back to a difference be-
tween the pseudoscalar and vector currents interpolating
andJ/ ¢, respectively.

By changing the order and variables of integration one
can bring the above expression into the following form:

e o
1672 Jam? s—(p—k)?

f174m§/s ﬂ

0 2\y
Jl du

X N

x(sy.P) ma—(p+qu)?

u dv
XJ — ¢ak(1—u,u—v,v)
X(s.y,P?) 02
am?
x| s= 1=y T((Pra?—pA) v —x(sy,P2) |,

(56)

and
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4m§ In order to proceed we write
s—
S— (pfk)__f - (p=k) 2 p2 2
E = Img F s,(p+a)%,P%,p),
W37t o (pot2 e (s,(p+a)%,P%,p%)
It is important to emphasize here that the above expres- (58)

sion (56) is defined only for large spacelike momentum
|P?|~m2. Furthermore, the expressi®B6) does not have a
needed double dispersion form. where

m, f _am?is d 1 du
ImgF{h3Y (s, (p+a)?, P?,p?)= “Kfl am/s Y

167 Jo 2\ly x(s,y,PZ)m

2

u dv 4mg . P2 -
Xf — ¢a(l-u,u—v,v) s—ﬁ+((p+q) —p)(2v—x(s,y,P9))|. (59

x(s.y.P?) v

Now, it is possible to use the quark-hadron duality in tHe channel and to subtract th# ¢ continuum states by
approximating them by Eq59), which changes the upper limit sfintegration in Eq(58) to sg"”~ 15 Ge\~. This restriction

of the s integration enables the expansion of the imaginary pagEJf in the x(s,y,P?) variable. To reach the satisfactory
precision we expand E@59) up to orderO(x3):

_ my 1 du 1—4m?/s dy
ImF®3 (s, (p+q)2,P2)= “Kf f o 2
sFiwa (s,(p+0Q)%,P) 1672 Jo mi—(p+quJo 2y
u do
X J —2¢>3K(1—u,u—v,v)
0 v

2
(9

4m s 5
S—H‘FZU[(FH‘Q) —p]

fu dv 2 2
- o ?d’sK(l_Uvu_Ulv)((p"'Q) —p )

am?\ [ 1 ,
s 15y Ed’SK(l_UyU_U,U) » x(s,y,P?)
( 4m§) 01 x2(s,y,P?) .
~1ST 1oy )| | gz Pkl wumv) e +0(x). (60)

In the above expression it is important to keep in mindamounts to ~25%, which is significantly larger than
thats receives values in the rang(mé<s<sg’“’. It also has the corresponding correction-sg/P?~0(1 GeV/mé) in
to be noted that the coefficients in the expansion Bfe the B— m case. Therefore, in the calculation of the soft
independent objects. So, although the above expression wasnfactorizable correction foB—J/¢K, the analytical
derived for P2<0, the complete expressio@0) for the  continuation ofP? to its positive value embeds an unavoid-
physical amplitudeB— J/¢K is an analytic function irP?>  able theoretical uncertainty. Howeve(x?) corrections are
and it can be analytically continued to the positive values ofalready at a percent level, and the expansion is well converg-
P2=mZB. The result is more reliable for small@(s/P?) ing.
corrections. In our case, although the expansion is The same procedure employed for twist-4 contributions
well converging, the first order correction irx(s,y,P?) gives a somewhat more complicated result:
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mafy (= ds _ams dy (1 du u dv -~ 2
F(P = b KJ Jl amels AY. 2—f —v¢l(1—u,u—v,v) 3——x(s,y,P2)}
82 Jam? s—(p—k)?Jo 2y Ixsy.P?) me—(p+qu)? Jx(sy.p) v v
mafy (= ds —amZs dy (1 du u d
b:J’ , jl 4mc/s y 5 f _U(bl(l_u,v)
82 Jam? s—(p—k)?Jo 2y Ixsy.Pd) [m2—(p+qu)?)? I xsy.p?) v?
2 mafy (= ds _am¥s d
- c 2 2 5 LY Kf fl amg/s y
X|s +[(p+ +Xx(s,y,P o
1_y [(p q) p ]( v ( y ))} 8’77'2 4m§ S—(p—k)2 0 2\/9
1 du CDZ(U) 4m(2) 2 2 }
X - +[(p+a)?—p?][—u+x(s,y,P?
fx(s,y,Pz) e T b R (AL T RO

mﬁfow ds flfmg/s dy 1-y J'l du D,(u)
8m2 Jam? [s—(p—k)?]?Jo 2\y 4mZ Jx(sy.P) mi—(p—qu)? u?
1_ _F
><(s,y,P2)(2 ( k))2(1 x(s,y,P?) q-k) 61
—p? 4P u o aqp/|
|
Here, q-k=3[(p—k)?-P?*+(p+q)®>-p’] and q-p 1 1
=3[(p+a)*—p?)]. R 5 >3 (64)
The twist-4 wave functions appear in combinations [s—(p—k)“] [my—(p+ua)?]

d,(uv)= foudw(?bi(w,l—w—v,v)

-I—E)H(w,l—w—v,v)),

u _(U, ~
@2(u):f d(u’j1 do"(¢, (0", 1-0"— 0", 0")
0 0

+$|‘(w",1—w”—w',w’)). (62

The first term in Eq(61) can be treated in a similar way
as the twist-3 part={P. ¥ | expanding in(s,y,P?) with the
result

2
Fg\f’\,Zk)=mbejséw ds J’l du
872 Jam? s—(p—k)?JomZ—(p+qu)?

_am?e d udp~
><J1 mels = b (1-uu—v,0)

0 2¥y Jo w2
+0(x3).

X (63

2
3— ;X(S,y,PZ)

Other parts in Eq(61) contain denominators of a form

which are typical for twist-4 contributions.

To be able to deal with such terms we perform a partial
integration. However, the problem is the subtraction of a
continuum for such terms because the complete expression
does not possess the needed dispersion form, where the had-
ronic spectral density can be identified with the imaginary
part of the QCD amplitude, unless the surface terms are
equal to zero. Fortunately, twist-4 contributions with the
higher power of denominators numerically appear to be sup-
pressed. Their contribution, neglecting the surface terms, is
in the region of a few percent. Uncertainties involved in the
LCSR calculation are certainly much larger, and we argue
that the contributions with the higher power of denominators
in the twist-4 part can be safely neglected in the numerical
calculation.

It is important to emphasize that due to the specific con-
figuration of momenta, imposed by tléy continuum sub-
traction, the analytical continuation &? does not produce
an imaginary phase. From this continuation, one would ex-
pect to get an imaginary phase in the penguin contributions
of operatorsD; andO,. The phase is typical for such kind of
contributions and known as the BSS ph#&%6]. However,
the penguin contributions in the process under the consider-
ation are suppressed in the lafgg limit by 1/N. (addition-
ally to the 1N, suppression of the emission amplitude cal-
culated herg and are beyond the scope of this calculation.

Putting twist-3, Egs(58) and (60), and twist-4 Eq.(63),
expressions together and subtracting the continuunB of
states, the final expression for the soft contributions to the
B—J/¢K amplitude, in the approximations discussed above,
has the form
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(I p(p,e™M)K(q)|O(0)|B(p+0a))

1 (m +Q n+l 1du 2
=2e qu/¢,fJ/¢ f ds—2 =9 f — elma—[mp—m, (1-w)l/ul/m?
2mafg

am?t3,)a (s+QY"*
1-am¥s dy My fak f dv (mﬁ—m?w 2 4m§)
X ¢ —{— 1-uu—v,v)| ——[2v—X(s,y,mg) |+ S—
fo o mé—mg,w[ > | | = e | =g o-x(sy.mp)l+s- =
am2\ ([ 1 ) am?\| o [ 1 x%(s,y,m3)
—s—1=y y ¢>3K(1 u,u—uv,v) _ox(s,y,mB)— iy a ¢3K(1 u,u—uv,v) _OT
udo~ 2 )
+mbeJ _2¢L(1_u1u_vav) 3_ _X(SvyamB) ’ (65)
0 v v
|
whereug = (mg—m3;,)/(sg—m?,). calculated at the typicgk,~my/2 scale of LCSR calcula-
tion. The above values are obtained far=5, M3
VI. NUMERICAL PREDICTIONS =10 GeV?, and é=0.5. In general, one could expect that

. . . twist-4 contributions are relativel®(1/m,) suppressed with
Before giving numerical predictions on the soft nonfactor- 9(L/my) Supp

v abl DU h p i th . Irespect to the twist-3 part and therefore are smaller. How-
izable contributions, we have first to specify the numericaly, o careful study of the heavy-quark mass behavior of the
values of the parameters used.

: h | _ final expressior{65) shows that in the heavy-quark limit the
For parameters in the channel we useng=5.1 GeVand st 3 and twist-4 contributions are of the same orierd
the values taken fronj1l]: fz=180+30 GeV, my=4.7

N B_ ar. 3 are both suppressed by with respect to the factorizable
0.1 GeV, andsy=35x2 GeV". For J/y we use the fol- ot 44)]. Therefore it is not surprising that the numerical

lowing: my,,=3.1 GeV, fJJ//¢—O -405+0.014 GeV from EQ.  contribution of the twist-4 part is relatively large. Even- and
(8), m;=1.25+0.1, andsy "=15+2 GeV* [17]. TheK me-  odd-twist contributions stem from different chiral structures
son decay constant is takenfa&o 16 GeV. For parameters of the b-quark propagator and are, therefore, independent.
which enter the coefficients of the twist-3 and twist-4 kaonThe 1, suppression should, however, certainly be true

wave functions we suppose th@}“’sz andsz=6%, and when we compare evémdd-twist contributions among

take fgz=0.0026 GeV, 6*(up)=0.17 GeV, where themselvesi.e., the twist-4 with the twist-2 contribution; the
wp=Jmi—mZ~my/2~2.4 GeV[20,21]. twist-5 with the twist-3 part etg.

Like in any sum rule calculation it is important that the ~ The variation of the sum rule parameters implies the val-
stability criteria for Eq.(40) are established by finding the U€sS:
window in n andM? parameters in which, on the one hand,

excited and continuum states are suppressed and on the other Fak, walp)=0.004-0.007,
hand, a reliable perturbative QCD calculation is possible.
The stability region for the Borel parameter is found in the Fak twa( i) =0.006-0.012, (67)

intervalM?=10+2 Ge\?, known also from the other LCSR

calculation ofB meson properties. Concerning moments inand the final value

the J/¢ channel, the calculation is rather stable on the

change ofn in the intervaln=4-6. QS is parametrized by ﬁgK(Mb)=0.011— 0.018. (68)
Q§=4m§§, where¢ is usually allowed to take values from O

to 1. As it was argued ifil7], where sum rules were applied  First, we note that the nonfactorizable p&8) is much
for calculating the mass af/, and were also observed in smaller than thd— K transition form factor(10) which en-
our calculation, aQo 0 (¢=0) there is essentially no sta- ters the factorization result. It is also significantly smaller
bility plateau wheren is small enough that the QCD result is than its valug19) extracted from experiments. Nevertheless,
reliable and at the same time the lowest lying resonanc#s influence on the final prediction far, is significant be-
dominates. A more stable result is achieved §er0. How-  cause of the large coefficienC2(w) multiplying it. Further-
ever, the result appears to be sensmve at most to the variaore, one has to emphasize tlgj, is a positive quantity.

tion of the parametersO ands . Therefore we do not find a theoretical support for the large
The numerical results for the soft nonfactorizable contri-N limit assumption discussed in Sec. |, that the factorizable
butions are as follows: part proportional taC,(w)/3 should at least be partially can-

- - celed by the nonfactorizable part. Our result also contradicts
Fek, wa(sp) =0.0051, Fgy wwalup)=0.0089, (66)  the result of the earlier application of QCD sum rulesBto
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—J/yK [3], where a negative and somewhat larger value foholds. Actually, thel/ s case is somewhat exceptional, since

Fax was found. However, earlier applications of QCD sumsoft gluons in this limit are suppressed only by a factor
rules to exclusiveB decays exhibit some deficiencies dis- Aqco/(Mpas) [1] rather than byAqcp/my, like, for ex-
cussed if10]. In [3], mainly the problem was the separation ample, in theB— D 7 decay, for which the factorization has
of the ground state contribution in tH&-channel and the to be proved at the two-loop level. Jf ¢ is treated as a light
wrong my—c° limit of higher-twist terms obtained by using meson relative t®, then the factorization is recovered at the
the short-distance expansion of the four-point correlatiormc/m,— 0 limit. Unfortunately, for the higher i, correc-
function. In this work, following the procedure taken from tions, the factorization breaks dov].
[10], the problem is solved by introducing the auxiliarly mo-  In connection to Eq(70) the following should be empha-
mentumk in the b-decay vertex and by applying the QCD sized. In the heavy quark limitn,—o the hard scattering
light-cone sum rules. kernel T' is nothing else but thé/ meson decay constant
Using the same values for the NLO Wilson coefficients asand by neglectingrs and O(A qcp/m,,) corrections, the na-
in Sec. II, one gets from E@68) for the effective coefficient ive factorization result6) is recovered. In the hard correc-

a, the following value: tions appead/ s andB meson light-cone distribution ampli-
tudes. Under the assumption that,<my, the light-cone
a,~0.15-0.18 |M:Mb. (69) distribution amplitudes fod/« can be taken to be equal to

that of thep meson, as it was done 5] (vector meson

Although the soft correction contributes at the order ofdistribution amplitudes were elaborated [i22]), although
~30%—70%, the net resul69) is still by approximately a this assumption is not completely justified. However, we

factor of 2 smaller than the experimentally determined valugannot say much about tfi2meson distribution amplitude,
(17). except that it can be modeled or extracted from the experi-

mental data[23], which is again model dependent. Fortu-

VIl. QCD FACTORIZATION FOR THE B—»J/4K DECAYS nately, after some 5|mpI|f|cat|01n, the result depends only on
AND THE IMPACT OF SOFT NONFACTORIZABLE the first moment of theg, Jodég(£)/é=mg/\g, and
CORRECTIONS therefore there is a need for fixing just one paramexgr,
There is not much known about this parameter, except its
In an expansion in Ik, and «g, matrix elements for upper bound, Bg<4(mg—my), or effectively, \g
some of the two-body decays oBameson can be computed <600 MeV [24].

consistently by the QCD factorization methdd]. This Here, we would like to discuss our results for the soft
model applied to thd8—J/ K decay gives nonfactorizable contributions in comparison with the hard
nonfactorizable effects calculated in QCD factorization ap-
<J/,/,K|@|B>:<K|§r#b|3><3/¢,|gr vc|0) proach. As it was already noted d0], in the heavy quark
limit the soft nonfactorizable contributions are suppressed by
|14+ 0(ag+0 Aqcp 1/m, in comparison to the twist-2 factorizable part, which
s m confirms the expansion in E¢70). With the inclusion of the
L hard nonfactorizable corrections, thg parameter(15) ap-
ZFBK(m§/¢) fo T'(u)¢J,¢(u) pears as follows:
+f dédudoT" (£,u,0) $a(€) by (v) bry(U) Ca(p) Fox(n)
BRI 2,=Co(p)+ —5— +2Cs ()| asF"™ )+ —— ——|.
A FBK(mJ/w)
+0 QCD). (70) (71)
My

T' andT" are perturbatively calculable hard scattering ker- The hard nonfactorizable contributidf"®® was calcu-
nels and¢y g k 3~ are meson light-cone distribution am- lated in[5]. The analysis was done up to twist-3 terms for the
plitudes.T' starts at orde©(a?), and at higher order ok, K meson wave function which enters the calculation of the
contains nonfactorizable corrections from hard gluon exT' hard scattering kernel in Eq70). It is a well known
change or penguin topologies. Hard nonfactorizable corredeature of QCD factorization that it breaks down by inclusion
tions in which the spectator & meson contribute are iso- of higher-twist effects. The hard scattering kerfél be-
lated inT". Soft nonfactorizable corrections denoted abovecomes logarithmically divergent, which signalizes that it is
as O(Aqcp/my) effects cannot be calculated in the QCD dominated by the soft gluon exchange between the constitu-
factorization approach. According to some general considerents of thel/¢ and the spectator quark in tBemeson. In the
ations[1] these effects are expected to be suppressed, b@CD factorization this logarithmic divergence is usually pa-
there is no real confirmation of this conclusion. rametrized by some arbitrary complex parameteras

In the limit m;~my—, it can be showrj1] that at the fédv/v=|n(mB/AQCD)+r and although it is suppressed by
leading order in Ih, there is no long distance interactions 1/m,, this contribution is chirally enhanced by a factor
betweenl/ ¢ and the resB—K system and the factorization Zmﬁ/[(mSJr m,)]. This large correction makes it dangerous
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to take the estimation for the twist-3 contribution literally, spite of the theoretical uncertainties involved by the applica-
due to the possible large uncertainties in the determination dfon of the LCSR method to thB—J/¢/K decay discussed
ther parameter. in Sec. V, and the possible influence of higher charmonium
The estimation done in the QCD factorizatitB] shows resonances on the sum rule, the predicted correction clearly
hard-gluon exchange corrections to the naive factorizatiofiayors the positive value fde g, and therefore of.,.
9 dicted by the LO calculation i ons o
result of the order of-25%, predicted by ulati Recent first observations of the color-suppressed decays

with the twist-2 kaon distribution amplitude. Unlikely large of the type§O—>D(*)°7-r° by CLEO [25] and BELLE [26]

corrections are obtained by inclusion of the twist-3 kaon dis-, oo -
tribution amplitude. Anyhow, due to the obvious dominanceaISO indicate a positive value for tia parameter. Although

oo . these data show that, is a process dependent quantity,
of soft contributions to the twist-3 part of the hard correc-_, "~ . o : ; -
tions in the QCD factorizatiofi], it is very likely that some which is clearly exhibited by the difference in the prediction

i RO 0,0
double counting of soft effects could appear if we naively™r @z in B —D®%7% andB— J/yK decays by almost a
compare the results. Therefore, taking only the twist-2 hardactor 2 [|ay(B°— D)1 70)|=0.57+0.06 vs|ay(B
nonfactorizable corrections frofft] into account, recalcu- —J/¢/K)|=0.28+0.03|, the positive value fora, can be

lated at theu,, scale, our predictio69) changes to clearly deduced in both cases. This is just opposite to the
predicted negative values of this parametebDinmeson de-
|@[=0.17-0.19 |, ,, . (72 cays. The tendency to a positive valuesgfin B decays was

o _ _ _ also observed in the global fit of decay amplitudes to the data
The prediction still remains to be too small to explain the[6], where the arguments in favor of a sign changeaef
data. . _ from negative to positive when going frol to B decays

Nevertheless, there are several things which have to bgere presented.

stressed here. Soft nonfactorizable contributions are at least \;5.aover these recent experimental results BRA
equally important as nonfactorizable contributions from the—>D(*)°7-r° p,oint out large nonfactorizable contributions, as
hard-gluo_n exchangg, |f.not even the dO'T‘!”a”t. Oones. SoU\/ell as the large final state interaction phases in the color-
nonfactorizable contributions are of the positive sign, and th%uppressecﬁclass-lb decays[27]. Soft corrections obtained

same seems to be valid alsq for the hard corrections. Wh'.l this paper add up to this picture being significantly larger
hard nonfactorizable corrections have an imaginary part, igy oo <o¢ corrections in thB— 71 decay.

the calculation of soft contributions the penguin topologies
as potential sources for the appearance of an imaginary phase
were not discussed, but they are expected to be small. ACKNOWLEDGMENTS
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