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Nonfactorizable contributions in B decays to charmonium: The case oB™—K™h,
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NonleptonicB to charmonium decays generally show deviations from the factorization predictions. For
example, the modB~™— K™ x.o has been experimentally observed with a sizable branching fraction while its
factorized amplitude vanishes. We investigate the role of rescattering effects mediated by intermediate charmed
meson production in this class of decay modes, and conBides K ~h, with h, the JP¢=1"" cc meson.

Using an effective Lagrangian describing interactions of pairs of heavy@]mesons with a quarkonium
state, we relate this mode to the analogous mode within the final state. We find3(B~—K™h.) large
enough to be measured Bitfactories, so that this decay mode could be used to study the poorly kinpwn
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|. INTRODUCTION Ge
Hw=—=1 VepVes(C1(u) O1( ) +Co( 1) Ox( 1))
The precise test of the standard model descriptiofBf V2
violation in theB sector is among the most challenging ef-
forts pursued at present experimental facilities. It goes —thvi‘sz Ci(u)Oi(m) +H.c. (1.2
through the measurement of many observables, sucPas !
asymmetries anB meson branching fractions which are sen-
sitive to Cabibbo-Kobayashi-Maskaw@KM) angles. In or-  Where
der to extract meaningful information from experimental

data, a reduced theoretical uncertainty is required, and this is O1=(Ch)y_a(SC)y_a
a particularly demanding task in the case of nonleptdic
decays for which a completely reliable and general compu- O,=(sh)y_A(CC)y_a

tational scheme has still to be developed.
For two-body nonleptoni® decays, which concern us in o o
the present paper, the determination of the transition ampli- (93(5)=(sb)v,Az (AQ)v—a[v+a]
tude reduces to the calculation of the following matrix ele- q
ment of the effective Hamiltonian governify— MM, [1]:

Ou6)= (;ibj)va% (9j9)v—apv+ ] (1.3

Gr
A(B—MM,)= 5 Z Nici(w)(MMo|Oi(w)|B).

3 _
(1.2 O7(9)= E(Sb)va% €q(dd)v+Aarv-a]

In Eq. (1.1) \; are CKM matrix elements;;(«) Wilson co- 3 - —
efficients evaluated at the scaleand©; a set of four-quark Og(10)= §(Sibi)VfA% €q(Ajq)v+Av-A]
operators. So, neglecting corrections on the RHS of(Eq)

that are suppressed by inverse powerdigf, the analysis of . . - = = _

the decay amplitude involves the calculation of hadronic ma-[I andj are _color |nd|ce_s andq(q)V;A—qy“(1+ 75).q]' Th.e

trix elements of four-quark operators. The oldest prescrip_correspondlng expression of the factorized amplitude is

tion, which could be used to evaluate any generic f¢ir),

is the naive factorization ansatz that expresses the matrix

elements of four-quark operators as products of hadronic ma-

trix elements of quark currents. o .
Let us consideB~— K~ Mg, which is pertinent to our X(K~[(sb)y_alB™}{Mg|(cc)yzal0) (1.9

discussion;M¢; is a meson belonging to the charmonium

system. Neglecting the annihilation term which is suppressedhere a; are combinations of Wilson coefficienta,=c,

by the CKM factorV,,, the effective Hamiltoniat,y driv-  4+c¢,/N. anda;=c;+(c;;1)/N., with N, the number of col-

ing the decay reads as ors.

. Ge. o,
Ap(B™ =K Mg = —=VepVida(w)+ 2 a(p)
\/2 1=3,5,7,9
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Equation(1.4) shows the drawbacks of the naive factor- D g——on K~ DX M
ization approach: first, the scale and scheme dependence « B- g B~ y
the Wilson coefficientg;(w) is no longer compensated by a D DY
corresponding dependence of the hadronic matrix element
and secondly, the product of hadronic matrix elements doe Dt b M D¢ N

not contain any strong phase.

Great amount of work has been done since this formula- FIG- 1. Typicgl rescattering diagrams _contributing to the d_ecay
tion of factorization has been put forward, aiming either at8 —K Mcc, with Mcc a meson belonging to the charmonium
finding alternative procedures or at changing the ansatz itgystem. The boxes represent weak vertices, the dots strong cou-
self. An improvement consists in adopting a generalized facP!"9s:

torization ansatz, with the Wilson coefficierstg ) replaced In Ref.[12] we investigated the possibility that the devia-
by effective(process independemarameters” to be fixed  tion from the factorization predictions iB— charmonium
using experimental data. In some cases this method reprgyocesses may be ascribed to rescattering processes, essen-
duces the correct order of magnitude of the branching ratioga|ly due to intermediate charm meson exchanges repre-
[2]. Other methods, such as QCD-improved factorizal®ln  sented by diagrams of the type depicted in Fig. 1. Rescatter-
PQCD [4], SCET[5], QCD sum ruleg6,7], can only be ing effects in heavy meson decays have been considered
applied to selected classes of nonleptonic transitions. recently, for example, to explain the observation of some
In B to charmonium decays, generalized factorization in-oz|-suppressed decays ¢{3770)[13], or as possible con-
dicates the existence of sizable nonfactorizable contributiongyipytions toB— 7 [14], B—K®) 7 [15,16], andBs— yy
For example, the experimental branching fracti#fB  [17]. we found that rescattering effects could be sizable,
—K~J/y) can be fitted usinga5"| =0.2-0.4 depending on enough to produce a large branching ratio as observed in
the B—K transition form factor which parametrizes the ma-B~— K~ y.
trix element(K~|(sb)y_A/B~) in Eq. (1.4);* |a=0.38 Here we wish to reconsider the problem, since other de-
+0.05 is obtained using the form factor[i]. This must be cays modes have vanishing factorized amplit(itig] and
compared to the valuea,=0.163(0.126) computed for can be used to test the rescattering picture. One of them,
my(M,) =4.4 GeV andA "1=290 MeV in the naive dimen- B~ —K™h, with h, the lowest lyingd”°=1"" cc state,
sional regularization(or 't Hooft—\Veltman scheme[1], a  deserves particular attentign. The medgnwas searched
value which does not change significantly by varying[19] and observed20] in pp annihilation, and searched in
Eb(mb) and A%. The difference betweeagﬁ anda, wit- p-Li interactions [21]; the reported mass and widths are
nesses the presence of nonfactorizable effects in this decdin,=3526 MeV and’<1.1 MeV. Itis listed by the Particle
mode. Data Group among the patrticles requiring confirmafi@ay.
However, the most compelling evidence of deviation fromlf B~ —K™h, proceeds with a sizable rate, this decay could
factorization comes from the observation Bf —K™ x o, be used to study the propertiesigf by looking either at its

with yeo the lightestcc scalar meson. The measured branch-hadronic  transitions: he—J/¢m®, ~ p°«°  h;f,(980),

ing fraction is h,KK, ..., or at itsradiative decay modeB.— 7¢v, X0
etc.
B(B™—K xe0)=(6.0"23+1.1)x10* (1.5 This paper is devoted to such an investigation. Moreover,

it aims at improving the analysis of rescattering effect8in

to charmonium transitions reducing the dependence of the
rescattering amplitude on unknown hadronic parameters,
) such as the strong couplings among different mesons. We
for BELLE [9] and BABAR [10] Collaborations, respec- iniroduce an effective Lagrangian describing the interaction
tl\_/ely. While the expenmental gmplltude_ewdently IS NONVa- f g the low-lying ¢ =1 charmonium states to pairs of open
mshmg, the factorized amplitudél.4) is zero because charmD(;‘) mesons, based on the spin symmetry for the
(Xcol(cC)v=al0)=0. Interestingly, the decay occurs at a rateheavy quark in the infinite heavy quark mass limit. This al-

B(B™—K xc0)=(2.4+0.7)x10 4 (1.6)

comparable toB™—K™J/y sinc+eézfor example,B(B~  |ows us to express all the couplings in terms of a single
—K ™ Xxco)/ B(B™ =K J/4) Z(C)-_(50_ojlé‘—F 0.05+0.08) as hadronic parameter, as shown in Sec. lll. A similar relation is
reported by BELLE Collaboratiof8]. derived for the couplings of =0 cc mesons to pairs of

Analyses of the two modeB™ —K™ x¢o, K™ J/¢ in the  px)

f K of . df o h h (s - Using such relations it is possible to analyze various
ramework of QCD-improved factorization show that pertur- rescattering amplitudes; their calculation is reported in Secs.

bative QCD corrections are not able to reproduce the experyy onq |\ while the conclusions concerning the possibility of

mentallbra_nchmg ratios, giving e|th_er small contributions OrusingB decays to study thk, are drawn in the last section.
producing infrared divergences, a signal of uncontrolled non-

perturbative effect$11]. Il. MODEL FOR CHARMED MESON RESCATTERING

CONTRIBUTIONS

ISince the other Wilson coefficients are numerically small, one As for B™—K ™ x.,, the factorized amplitudeAr(B~
can safely consider only the contribution proportionahgo —K7h¢) in Eq. (1.4 vanishes since the matrix element
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<hc|(a:)V1A|o> is zero due to conservation of parity and there is empirical evidence that the calculation by factoriza-
charge conjugation. This does not imply that the decay idion reproduces the main experimental findif@$]. Ne-
forbidden, as other decay mechanisms can be invokedjlecting the contribution of the operatof%_ 1, in Eg. (1.3)

namelyh; productionvia cc pair creation in the color octet we can write

configuration. From the hadronic point of view, one can also

consider the decay as proceeding by rescattering process‘%ﬁ)g*)’D(*)ﬂHW|B*>=Evcbvgsal<D(*)°|(V—A)“|B*)
induced by the samé¢)(cs) effective weak Hamiltonian in V2

Eq. (1.2), processes that essentially account for a rearrange-
ment of the quarks in the final state. Such effects are not
CKM suppressed, and their role must be assessed by explicit.

(even though model dependgrtalculations. Notice that With a;=Cy +C,/Ne.. In the infinite heavy quark mass limit,
the matrix elements in Eq2.2) can be written in terms of a

color octet and rescattering descriptions can represent t  ale form factor. the lsaur-Wise functi nd inal
ways to describe the same physics underlying the nonleps- gie fo actor, the Isgur-Wise functiofy and a single

4 .. . . H - - 0 H
tonic transition, looking from the short-distance or the long-leptonic constanf [23]. The B~ —D®)° matrix elements

X(DYX)7|(V-A),|0) (2.2

distance view points, respectively. read
We consider rescattering processes corresponding to the o, B ) )
decay chainB*—>X%cY;_S—>K’M€c, where X and Y are (DP(W"IVHB ™ (v))=VmgMpé(v-v')(v+v")"

open charm resonances primarily produced in wgakran-
sitions. The lowest lying intermediate staﬁé%c and Yg; are

(D*%(v",€)|VHB ™ (v))=—iVmgmp«&(v-v")

the meson®{*)~ andD™*)°, and we describe their rescat- X ey 0!, 2.3
tering by the exchange dd{*) resonances, as depicted in
. (s) 0 _
Fig. 1. (D*°(v",€)|A¥|B™(v))= Vmgmpx+ (v -v")
In order to analyze the diagrams in Fig. 1 we need the . ,
weak verticesB—D{*)D*) and two strong vertices, one Xeg[(1+v-v)gP—vPu A,

describing the coupling of a pair of charmed mesons to kaon, - B (40 N )

the other one representing the interaction of the charmoniurk and*v beingB~ andD four—ve,locmes, respectively

stateh, to a pair ofD{¥) mesons. All nonperturbative quan- theD™ polarization vector ang(v-v’) the Isgur-Wise form

tities entering in such vertices can be related to few hadronit2ctor- The weak current for the transition from a heavy to a

parameters once the infinite heavy quark mass limit idight quark Q—d,, given at the quark level byj,y*(1

adopted. —v5)Q, can be written in terms of a heavy meson and light
In the following section we analyze the couplings of the pseudoscalars. The octet of the light pseudoscalar mesons is

charmonium states to pairs of open charm mesons. Here wepresented bg=e"*', with

consider strong interactions of mesohk, containing a

single heavy quark) which can be described in the frame- \F 0 \F + K+

work of the heavy quark effective theofiAQET) [23], ex- 2™t \g7 m

ploiting the heavy quark spin and flavor symmetries holding

in QCD for mg—co. In this limit the heavy quark four ve- (- a _ \/L.,OJr \ﬁ’? KO

locity v coincides with that of the hadron and it is conserved 2 6

by strong interactionf24]. Because of the invariance under o >

rotations of the heavy quark spig , states differing only for K™ KO — \[§77

the orientation o6, are degenerate in mass and form a dou-

blet. When the orbital angular momentum of the light de- (2.4)

grees of freedom relative 1 is ¢ =0, the two states in the

doublet have spin-parity)”=(0",1") and correspond to andf=f_=131 MeV, and the effective heavy-to-light cur-

(D(s)» D), (B(s), Bfy). This doublet can be represented rent, written at the lowest order in the light meson deriva-

by a 4x<4 matrix: tives, reads
1+ " E
Ha=|——|[M&7,—Mays], () Lo=5 T y*(1- ys)Hpél ], (2.5

with M# corresponding to the vector state avido the pseu- |, this way the matrix elements <0|a yH(1
doscalar oned is a light flavor index. The fieldsM, and  _ D) defined a

. . ) ¥s)c|DY(v)), defined as
M3 contain a factor,/m,\,,g*), with m the meson mass.

In the infinite heavy quark mass limit it is possible to <O|aa'y'u750|Da(U)>:fD mp v*

a a

express weak as well as strong matrix elements involving

heavy mesons in terms of few universal quantities. Let us —
M * —f . < e

consider the weak amplitud®~—D{*)"D®*)°, for which (0day*c|D3 (v,€))=fprmpxe 2.6
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can be related to the single quantil%y since fDa=fD* with L#=J/¢ andL= 7, in the case otc. For¢=1, four
=y ? states can be built which are degenerate in the heavy quark
= mp . -y . . ;
V' Pa . ) . limit. The corresponding spin multiplet reads

It is also possible to write down an expression for the
strong couplings involving heavy mesons and the kaon. The
Dg*)D_(*)K couplings, in the sofﬁK—>O. limit, can be related (@102 — 1+
to a single low energy parametgyr as it turns out consider-
ing the effective QCD Lagrangian describing the strong in-

na
X2

1 B
Yo Eeﬂ 7Ua7[3X1y

teractions between the heaf*'D{*) mesons and the octet 1 . -
of the light pseudoscalar mesof26]: +ﬁ(7 —vxothiys||——| (B2
£,=ig THy Y, ysAfHa] (2.7

where, in the case 0fC, x2=Xc2, X1=Xc1 and Xo= Xco
with the operatoA given by correspond the spin triplet, while the spin singlehis=h,
. [28]. Also the fields in Eqs(3.1), (3.2) contain a factor/m,
with m the meson mass.
A“bazz(gaf‘g_w“g)ba 28 Using Egs.(3.1) and(3.2), together with Eq(2.1) repre-
o senting the heavy—Iight)la,1 pseudoscalar and vector states,
andH,=y°H,°. This allows to relate th®{*)D*)K cou- it is possible to write down the expressions for the effective

plings, defined through the matrix elements couplings between heavy-heavy mesons ang pairs of heavy-
o light mesons we are interested in. Hor 1 Q;Q, state, the
(Do(p)K*(q)|D’;_(p+q,e))=gD§—50Kf(e-q) most general Lagrangian desgibing the coupling to two
heavy-light meson®);q, and q,Q, can be written as fol-
(D*°(p, 7K™ (q)|D3 " (p+0,€))=i e"¥47p €40, 7’ lows:
X gD ~D* 0K~ 01 =, — —
(2.9 Ly=i ETV[P(QlQZ)MHza(Qlyﬂ"‘QzV,L)Hla]
to the couplingg: +H.c4+(Q;+Q,) 3.3
Ob* DOk - = 2+/MpMpx* 3 where(); and(}, are two coefficientsH, is given in Eq.
s s Tk (2.1) and Hy, is the matrix describing the heavy-light me-
sons with quark conterg,Q5:
Mot g
Op* p*x-=—2 T (2.10
S mD* K , , 1_w
HZaZ[Maﬂyu_MaVS]( 2 ) (34)

All the above expressions are valid in the infinite limit for
the charm quark mass. We neglect corrections due to the

finite mass of the charm quark. Due to the property?*v ,=0 only the term proportional to
), contributes, and therefore

[II. COUPLINGS OF PAIRS OF HEAVY-LIGHT MESONS

TO QUARKONIUM STATES .01 (Q1Q) T —

. ) . . . £12|7Tr[P 1 2MHZa’ylela]—’_H'C'—F(QlHQz)v
The other strong vertex in the diagrams in Fig. 1 involves

h. and a pair of open charm mesons. Also in this case we (3.5

exploit the infinite heavy quark mass limit. For mesons with

two heavy quark®;Q, heavy quark flavor symmetry does whereg,=g;- ;. This expression accounts for the fact that
not hold any longer, but degeneracy is expected under rotahe two heavy-light mesons are coupled to the heavy-heavy
tions of the two heavy quark spins. This allows us to build upstate inS wave, and therefore the matrix elements do not
heavy meson multiplets for each value of the relative angulagepend on their relative momentum. Moreover, this expres-
momentum¢. For £ =0 one has a doublet comprehensive ofsion is invariant under independent rotations of the spin of
a pseudoscalar and a vector statg,and J/¢ in case of the heavy quarks, representing the decoupling of the spin in
charmonium. The corresponding<4} matrix reads af27] the infinite heavy quark mass limit. This can be easily seen
considering that under independent heavy quark spin rota-
tions S; e SU(Z)Q1 and S, e SU(Z)Q2 the following trans-

formation properties hold for the various multiplets:

2

. (B

— 1+9
R(QlQZ):(T) [LM')’,u_ Lys]
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') b of
Hia—SiHia Hia—H1aS;
H2a_’H2aS; H2a—SH2a
PRk g P12k P12k, p(R1QILG]

R(QQ) g R(QiQ%) R(QiQ) RS, (3.6

PHr'SICAL REVIEW D 69, 054023 (2004

£,= B THR@OI,, 4H ]+ H.ct (Qr Q)
(3.1

which is also invariant under independent heavy quark spin
rotations. The action of the derivative produces a factor of
the residual momenturk, i.e. the quantity for which the
hadron and the heavy quark four momentum différ;v ,
=mqgu ,+K,, k being finite in the heavy quark limit. The

Equation (3.5 shows that a unique coupling describes thecouPlings of heavy—light charmed mesons 36 follow
PXHH interaction, i.e. the same coupling controls the inter-fomM EQ. (3.11:

action of heavy-light mesons both with the thrgg states,
both with h; . In particular, from Eq(3.5) it follows that

(D{5(P1,€1)D5(P2)|Ne(p,€)) = gD"("s)D(S)hC( €] -¢€)

<D?—s)(pl ’ e-1)D.(ks)(p2162)|hc(pa E)>

Ii * N*
gD(S)D(S)hC
X €45:,P"€Per €57 (3.7
with
=-2 my Mp, M
gDz*s)D(s)hC 91yMh Mp DY,
2
Mo«
dp* p*.h.= 201 = (3.8
(8)°(9)'c My,
Analogously:

<D?s)(p1 ) 61)D?s)(92,€2)|)(c0(p)>: - gD?S)D?S)Xco('E’l‘ -€3)

(D(9)(P1)D(5)(P2) | Xco(P)) = ~ 9D, xco (3.9
with
2
907Dy ﬁgl VMyeoMoyy
90D gxe0™ 2\/§glv MyeoMD g (3.10

The subscriptg¢1) and (2) refer to the meson with a charm
and an anticharm quark, respectivedy;e; ande, are polar-
ization vectors.

Equations(3.7)—(3.9) show that spin symmetry produces
stringent relations between the couplingsxgf and h; to

(D{(P1,€1)D{5 (P2, €2) | Y(p,€))

=0p* p* gl (€ €;)(€1-q)

©P
—(e-q)(€eT-€5)+(e-€7)(e5-q)]
(D{5(P1,€1)D(g(P2)[ I/ h(p,€))

=0p*

H B *aNT
(S)D(S)l,/JI Eﬁ,uarv €€ q

(3.12
(D(9)(P1)D(5(P2) |/ h(p,€))
ZQD(S)D(S)l//(G‘CI)

whereq is the difference in the residual momenta of the two
heavy-light charmed mesomg=k;—k,. Sincep,= mDE:)w
+kq andp,= mDE§>)U +k,, theng=p;—p,. The three cou-
plings in Eq.(3.12 are related to the single parametgr

* x  =—2 m, Mp*
QD(S)D(S)w govmy, DY

90%,Dg 4= 292/ MyMp Moy

(3.13
gD(S)D(S)d/Z 29,V meD(s)'

In principle, the couplingg); andg, must be computed
by nonperturbative methods. An estimate can be obtained
invoking vector meson dominand®MD) arguments. For
example, one can consider tilemeson matrix element of
the scalacc current:(D(v')|cc|D(v)), assuming the domi-
nance in the channel of the nearest resonance, i.e. the scalar
cc state, and using the normalization of the Isgur-Wise form
factor at the zero-recoil point=v’. This allows to express
IbDixe, in terms of the constarrlt)(Co that parametrizes the

open charm mesons, relations that we exploit below. More=
over, they also imply that the couplings of a single charmo-
nium state to open charm pseudoscalar and vector mesons
are related in absolute value and in sign as well, a property
that allows a proper analysis of the amplitudes in Fig. 1

where the relative signs between different amplitudes play aRPtaining

important role.

For thef =0 states represented by the multigl@tl), the
interactions with the heavy-light vector and pseudoscalar
mesons proceed iR wave and can be described by a La-
grangian containing a derivative term:

054023-5
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m 1 KvVmgmpo
Xco _ B'D 12012 12 2 *
= _ ImA;=—————N\"9(m5,m-- ,mgo)f .
01 3 cho' (3.16 1 327Tmé (mg D; o) Ds(q €*)é
2
Adopting the same argument one can also obtgin mé—szSnL Mpo
in terms of theJ/y leptonic constantf,, defined by X —2
B MgMpo

(Olcy*c|d/y(p,€))=f,m,e*. From the VMD result

0 jl g gD*DsK(t)gD*Dhc(t)f @ 4.2

X z 2), .
gDD://:f_f (3.17 -1 t—mé* !
one gets with K=(GF/\/§)VcbV§Sa1, \ the triangular functiong the
kaon momentum and the h. polarization vector. The func-
‘/mw tion f, is given by
D'y 2
_ 0 Mg Dy mK_qk
The input quantities for computing the diagrams in Fig. 1 f1(z)=— k| 1+ my/ mp me, 1
are now available. We have only to notice that the strong b
couplings described above do not account for the off-shell mi—q-k 1
effect of thet-channeIDE;‘)) particles, the virtuality of which I
can be large. As discussed in the literature, a method to ac- Mo« Mg|q]
count for such effect relies on the introduction of form fac-
tors: ><[<mBq°—mi>k°—<mB—q°>q-k]] 43
gi(t) =gioFi(t), (3.19
with q°=(m3+m3— mﬁC)IZmB ,

with g;, the corresponding on-shell couplings9), (3.7) and T R 0 P 2

(3.9. A simple pole representation fé(t): | =N (mG mic,mi, )/2mg, K= (M +mp_—mpo)/2mg,
=\"4mg,m50,m mg, qg-k=q°k°—|q| |k|]z an

K|=XY2(mg ,mpo,md )/2 k=q°%k°—|q] |k d

A2—m2 2., 2 - :
i D(*) (3.20 t=mi+mp_—2q-k. Expressions for the other diagrams can

Aiz—t be worked out, analogously. Thedependence of the cou-
plings is given by Eq(3.20 with all A; put equal to a unique

is consistent with QCD counting ruld®9]. We adopt it, parameter\.

keeping in mind that the parameters in such form factors We use|V,|=0.042 andV 4 =0.974, the central values

Fi(t)=

represent a source of uncertainty in our results. reported by the Particle Data Groy@2], anda;=1.0 as
obtained from the analysis of exclusi®—D{*'D*) tran-

IV. NUMERICAL ANALYSIS OF B~ —K~h, sitions [25]. Exploiting the heavy quark limit, we puty+

b S

Considering the diagrams in Fig. 1 withg.=h., there =fp,and usdfp = 2_40 MeV[7]. As forzthe Isgur-W|se fo.rm
are ten possible combinations of intermediate states corrd@ctor, the expressiof(y) = (2/(1+y))" is com}?a)tlble with
sponding to nonvanishing strong vertices. Some of such didh€ current results from the semileptorie—D™’ decays,
grams vanish, since the rescattering amplitude is parity cor@nd the producV,¢ coincides with the experimental deter-
serving and the final staté ~h. has positive parity due to Mination reported irf25]. _
angular momentum conservation. As a consequence, only the A comment is in order about the ve_rtlcél;g*)D(*)K,
parity-violating weak decay amplitude contributes, henceexpressed in terms of the coupliggaccording to Eq(2.10.
only the intermediate state®(,D) and @ ,D*) must be AN experimental determination af has been obtained by

considered in Fig. 1. The expression of the absorptive part dfLEO Collaboration measuring the fub* width and the
a generic diagram reads as D* branching fraction tdD 7. The result isg=0.59+0.01

+0.07 [30]. Such a determination should be compared to
theoretical predictions ranging from=0.3 up tog=0.77

2 2 2
\/)\(mB'ng*)va(*))

+1 _ ) [31]. Since the expressions of the rescattering amplitudes

ImA= 3972 fﬁl dzA(B~ D¢ D®) always contain the product @f and the form factof3.20),

B we use the central value gfobtained by experiment, leaving

X ADF) " DFO K hy). (4.1)  tothe parameteh the task of spanning the range of possible
variation of the coupling.

In the case of the diagram in Fig. 1 correspondingBfo For g; we use Eq.(3.16 together the QCD sum rule
—DgD%—~K™h, mediated byD*° the expressiort4.1) be-  resultf, =510+40 MeV[12]. The couplingg, can be ob-
comes tained using Eg.(3.18 and the experimental value
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W
<

fy,=405=14 MeV. The VMD determination of th&/y
couplings is reproduced by QCD sum rule and constituent
guark model analysd82]. Relating the various couplings to
0, andg, we usemp= Mp_ andmpx = Mp .

Equation(4.1) allows us to compute the imaginary part of
the rescattering diagrams. The determination of the real part
is more uncertain. A dispersive integral may be used:
Red;(m3) = (L/m) PV @[ImA(s')/(s'—m3)]1ds’  with

‘ th .
the thresholdss{}) given by s§;1)=(ng*>+mD(*))2 for any

specific diagram. Assuming that the integrals are dominated | | |
H 2

by the region c!ose to the poleg, so that they can be 02.5 2.6 2.7 2.8 2.9 3

computed by using a cutoff not far from tlBemeson mass,

we obtained foB™— K™ x.o(J/¢) that the real parts of the A (GeV)

ar.?ﬁ Illtudes are ?pptr'OXIrgatetly tehqual ttoﬁthe Imgign;g]arg parts, FIG. 2. Branching fractio3(B~ —K™h,) versus the parameter

with farge uncertainties due to the cutot proce POl A The lowest curve corresponds to Re=0, the highest one to

this reason we account fpr the real _part .Of the amp“tuqe%eAslmAi. The dark region corresponds to the resdld).
considering them as fractions of the imaginary part varying

from 0 to 100%, i.e. we include their contribution to the final rameters and to the basic assumptions adopted in the calcu-
result considering the range from Re=0 up t0 Re4  |510n. while the numerical values of several parameters
=Im4;. Such. an uncertainty cannot be removed in our aP{namely, the strong couplings among heavy mescas be
proach and will affect the final result. made more precise using new experimental or theoretical
A parameter is left in our analysis, i.e. the constanin information, it is difficult to assess the actual size of the
the form factors(3.20. One would expech of the order of  \\hcertainties related to the computational scheme we have
the mass of radial excitations of the charmed mesons. It i§seq in evaluating rescattering effects. The main uncertainty
possible to constrain the range of values for such a parametgy (he numerical results is due to large cancellations between
considering rescattering contributions 8" —K"J/4,  gjfferent amplitudes, which individually turn out to be of
where the sUmA(B™ — K™ J/4) = Atacit Aresc is bounded  gimilar size. This is common to calculations involving had-
by the experimental measur.ement of the branching fractiopgpic degrees of freedom, and it is not easy to envisage a
B(B™—=K™J/y). If one_con5|der_s the range 2.6—3_ GeV for procedure for reducing or controlling the final error. Another
A one gets a rescattering contribution not exceeding the eXjncertainty is due to the neglect, in the calculation of dia-
perimental bound. Moreover, one can consid&"  gramsin Fig. 1, of contributions of higher resonances and of
— K" xco @s provided only by rescattering effects, repeatingmany-particle intermediate states, even though a minor role
the analysis i112], with the difference of using the relations can be presumed for higher resonances since the correspond-
(3.9 which imply a factor of 3 between the couplingsy@f,  ing universal form factors and leptonic decay constants are
to pairs ofD andD* mesons, dictated by the spin symmetry. expected to be smaller than for low-lying states.
With this factor into account, one gets a branching fraction Bearing such uncertainties in mind we can conclude that
compatible with the experimental result from BABAR if the rescattering terms may contribute to the nonfactorizable ef-

parameterA is varied around 3.0 GeV. fects observed iB— charmonium transitions.
Provided with such constraints we analyge —K™h..

In Fig. 2 we plot the branching ratio obtained considering the
rescattering amplitudes as a function/of We find a region
that can be represented by the interval

[
<>
T
|

[y
]
[

B(B- — K h,) (107

V. REMARKS ABOUT THE OBSERVATION OF B™—K™h,
AND CONCLUSIONS

Let us discuss few phenomenological consequences of
B(B™—K h)=(2—-12)x10 %, (4.4 our study, coming first to the possibility of detecting and
studyingh, usingB decays.
where the range of values accounts for the uncertainty on the AS mentioned in the Introduction, observationef has
dispersive part of the rescattering amplitudes and on thbeen reported irpp annihilation and inp-Li interactions,
variation of the parametek. This result suggests th&~  where the meson is produced througly annihilation in
—K™h, occurs with a rate large enough to produce a signathree gluons. Other production mechanisms are possibile at
at theB factories, as discussed in the next section. Moreovele™ —e~ machines, namelyia ¢’ intermediate production.
the outcome(4.4) implies thatB™ —K™h, represents a siz- For example, one can consider the radiative degqdy
able fraction of the inclusiv8™ — Xh, mode, the branching _, 7.y with the subsequent transitiagf,— h.y as feasible to
ratio of which, estimated considering the production of thegptain a sample of,. Another possibility is the hadronic
cc pair in h, in the color-octet state, i3(B~—hX) decay mode)’ —h,7°. In this case the estimated branching
=(13-34)x 10 *[33]. ratio is rather sizableB(y'—h.7%)=0(10"3) [34], and
The theoretical uncertainties affecting our results are retherefore one could consider the investigation affordable,
lated to the poorly known values of some of the input pa-e.g., at a charm factory; however, a low? reconstruction
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efficiency could severely limit the possibility of studyifly ~ and are able to produce for the moBe —K™h; a branch-
produced by this decay chain. ing fraction comparable with that @~ — K™ y.o. Further

As for h; produced inB decays, one could access the evidence for the presence of large nonfactorizable contribu-
meson looking either at its hadronic modedi. tions in B decays with charmonium in the final state can be
— 7, p°70 h,fo(980) h,KK, ..., or at its radiative obtained by looking at other decay modes. One possibility is
modes:h.— 7.y, xcoy, €tc. In particular, the channdi, B~ — K™ (3770) which, because of the smallness of the
— 7.y S€ems promising, as noticed by SuzyB5]. Its  leptonic decay constarft,s770), is predicted by the factor-
branching ratio, estimated assuming that thewave func-  ization model with a tiny branching ratio. The observation of
tion close to the origin is the same as thatxqf, is large:  this decay mode with a sizable branching fractiB(B~
B(he— 7.y)=0.50£0.11 [35]. A similar result: B(h. K~ y(3770)=(0.48+0.11+0.12)x 10 3 [38] represents
— 70y)=0.377[36] is obtained using the charmonium wave a further evidence of the presence of large nonfactorizable
functions parametrized in Reff37]. These two predictions, contributions. In our approach, USiNgp p y(a770= 14.94
together with the experimental datum ¢».—KK), al-  +0.86 obtained from the width af(3770), we would get
low us to translate our resu{#.4) in a prediction for the B(B~—K ™ y(3770)=(0.9—-4)x 10 *, consistent with the
decay chaiBB™—K " h,—K™ 7.y—K™(KK®)y which can  experimental datum considering the large theoretical uncer-
be studied at & factory: tainty. Similar conclusion applies tB™ —K™ x> with xc»

_ the J°¢=2"" state of the charmonium system, the ampli-
BB~ =K h—K™ ,y—K™(KKm)y)=(4-26)x10"°, tude of which also vanishes in the factorization approach.
(5D The observation of this decay mode with branching fraction

a result within the reach of current experiments. It is worthcomparable toB(B~—K™ o) and 5(B~—K"hc) would
noticing that the investigation of this particular decay chainSUPPOrt the rescattering picture.
is favored by the rather accurate knowledge of #hehad-
ronic decays, and by the fact that one could usesthenass

and the photon direction to discriminate the signal from the ACKNOWLEDGMENT
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