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Motivated by recent interest in so¥t ¢+ production inB decays, we investigatB®— J/¢ D) and 7.D*)
decays in perturbative QCD. We find that, within that framework, these decays are calculable since the heavy
cc pair in the final states is created by a hard gluon. The branching ratios are estimated to be around
10" 7-10"8, too small to be consistent with the data, suggesting that other meclanimtribute to the
observed excess of safty in B°—J/y+ X decays. The possibility of the production of a hyb&;ﬁq meson
with a mass of about 2 GeV is briefly entertained.
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With the advent of the BaBar and Belefactories, many  |ike ké: —MgA gepX=—2X Ge\?, wherex is the momen-
B decay modes could be studied in detail. The rich phenomtum fraction carried by the light spectator quark in the final
ena of B decays will provide testing grounds for theories of light meson. However, in the processes discussed in this pa-
weak interactions and hadrons. It is interesting to note thager (see Fig. 2, the gluon virtuality scales a§>(2mc)2_
measurements of the inclusivB—J/4 X spectrum by  Furthermore, under the common assumption of factorization,
CLEO[1] and recently by Bell¢2], indicate a hump for low there are no infrared divergencies which cannot be absorbed
J/y momentum, which kinematically correspondsli@ re-  in wave function, or large end-point contributions.
coiling against a partner as heavy-ag GeV. Brodsky and We begin our calculation of the deca@®— J/yD®*)
Navarra[3] suggest that thd/ hump may be due to the within the PQCD approach for exclusive QCD proceq$ds
decayB°—>J/¢//AE with the possible formation of A—H as depicted in Fig. 2, Ry writing the weak effective Hamil-
bound statéan exotic strange baryoniym tonianH g for the b—cud transitions ag9]

From another viewpoint, Chang and Hp#l proposed as
an explanation the existence of intrinsic charm in Bhme-

son which decays a&8°(dbcc)—J/¢D*) (and similarly for
7. instead ofd/ ). Thus the intrinsic charm pair transforms

into acc final state while thd decays. It is argued that a rate +Ca(p)Cyu(1=ys)u dy*(1=ys)b], @)
of ~10"* may be possible in this way if the intrinsic charm
content ofB is not much less than 1%.
We ra.ise here anothgr 0possibilitﬁ may depay intq a _,g GeV[10]
CﬁarmO”'Pm plus a hybrid3 _"]/l/’H’ whereH is a hyt.)nd To calculate the amplitudes of the Feynman diagrams in
sdg [5] with My=~2 GeV[6]. Two diagrams that contribute Fig. 2, we take the wave functions f&°, J/y, andD* as
to such a process are depicted in Fig. 1. Note that the gluong|ows [11,7]:
exchanged in Fig. 1 are soft while those in Fidi.2., for the
conventionalB®—J/yD®*), see below are hard, thus en- i
hancing the hybrid option as compared to the conventional U= N(PBJrMB) vshp(X)fg, (2)
approach forB°—J/¢D™). In addition, as shown below, c
each Feynman diagram in Fig. 2 involves one fermion and 1
one hard gluon propagator with average virtuality as large as -
10 Ge\2. So, we can expect tH8°— J/yH decay rate to be W 4Ncé(MV+ Pu vty
10°-10* times larger thaf8®— J/ D ™), although a reliable

G . —
Heff:T;VCbV:;d[Cl(M)dy,u(l_ ys)u cy*(1-ys)b

where the Wilson coefficient€, J(u) are evaluated to be
C.(mp)=1.124 andC,(m,)=—0.273 at the scalgx=m,

— *
guantitative estimate of the decay rate is very difficult. (V=3/4,D%). &)
To make such “exotic” suggestions more reliable, one I/ 7/
should be convinced that the conventional picture of heavy
mesons indeed leads to tiny numbers in disagreement wit : A A A

experiment. To our knowledge, such study is still not avail-

able in the literature. In this article we investigate these de-

cays within the conventional picture of heavy mesons having & d b 5

the minimal number of quarks and using perturbative QCDB I d\I # B I W H
(PQCD). The applicability of PQCD is justified_by the large () (b)

virtuality of the hard gluon which creates & pair. As

known, in many applications of PQCD ® decayd 7], say FIG. 1. Examples of Feynman diagrams for the production of a
B— mrr, the virtuality of the gluon in the hard kernel scales hybrid H=sdg in B°—J/yH.
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Now we can write the amplitudes of Fig. 2 as

: 1 Ce
Ma: _Ifol//fD* Wasl_ﬁmcl
Cc

dexd dzdg(Xx) z)ii

y dzgg(X) () o= ( D, 12
XTH{(Pg+Mpg) y5y,(1—ys)[(L=x)Pg—Kk+my]y,}
XTré,(My+Py)y*“(1—v5)épx (Mpx +Pp+) ¥"],
4

. 1Ce
Mb: _|fol//fD*7Tasl_6FC1
Cc

11
Xf dx dy dZ¢B(X)¢¢(Y)¢D*(Z)D—bF

XTI (Pg+Mg)ysy,(K—xPg)y,(1—vs)]
XTr[éw(Mw"' Pw) 'y'u(l_ ’}/5)éD*(MD* + PD*)')/V],
)

1

. Ce Ce
M= —ifgf,fpx TasTE

“Feirfe
Ng 1 Nc 2

11
xf dx dy dZ¢B(X)¢¢(y)¢D*(Z)D_CE

XTI (Pg+Mg)ysyu,(1—ys) T £, (M,+P,)y,
X(Py+Kk+me)y*(1—v5)épx(Mpx+Ppx)y"],

(6)
C-  Cr

~“Fe+ e
Ng 1 NC 2

Md: ifol/lfD* 77a'51—6

1 1
x [ axay A286(X)bu(Y) b (215

XTI (Pg+Mpg) ¥y, (1—ys) T ,(M,+P,)y*
X (1= y5)[(1=2)Pps + K]y, épx (Mpx + Ppx) ¥"],
(7)

where Cc=3 and N.=3 is the number of colorsD(i

=a,b,c,d) andk? denote the virtuality of quark and gluon

propagators in Fig. 2, which are given by

PHYSICAL REVIEW D 65 037504

cjw b c Jjw
c €
FIG. 2. Feynman diagrams for
o . B°—J/¢D™) in PQCD.
aD”
(d)

Da=—mi+M3(1=x=y)(1-x=2)+(y—2)
X[M3(x+y—1) M2, (x+z—1)]+ie, (8

Dp=Ma(X—y)(x—2) +(y—2)[M{(y—X)

+M2, (x—2)]+ie, 9
De=—m2+M3(1-2)+[M3— M3, (1-2)]z+ie,
(10
Dg=3[M3(1+2y—2)+ M2, (1-2y+2)
+M7(2y?—2yz+z—1)]+ie, (12)
k2=MZy(y—2)+2Z[ M3y + M2, (z—y)]+ie.
(12

It may be instructive to evaluate typical virtualities of the
propagators involved in PQCD calculations. Takirg 1
—my/Mg, y=1/2, andz=m./Mpx*, we find

D,=—20.4 Ge\f, D,=7.2 Ge\?,

k?=9.9 Ge\’.
(13

D.=20.2 GeV, Dy=16.4 GeV,

These values are large enough to justify our PQCD calcula-
tion.
The amplitude foB°—J/D* is decomposed as

A[B—J/(P,)D* (Ppx)]=elep«(S 9uy
+D Pou Py, +iP €,,a5PiPhL), (1)

where the coefficients, P, andD correspond te, p, andd
wave amplitudes, respectively, and can be evaluated from
Egs.(4) to (7). The helicity amplitudes are constructed to be

Hoo [S(M3—M?—M3,)+2DM3|p|?],

" 2M Mo
Hrr:_(SiPMB“)D- (19

The branching ratio is given by

|p| GF
Br(B°—J/yD*)=7g0
( v ®gmM

X (|Hool 2+ [H 1 1|2+ H__|?). (16)

Since theb andc quarks are heavy and their mass is much
larger than the typical QCD scaleycp for a bound state, we
can expect that the distribution functions of heavy mesons
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FIG. 3. Br(B°— J/yD*) vs xg, the peak point ofpg(x).
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tions follow the consensus that the smaller the mass differ-
ence the sharper the distribution functions. Using these dis-
tribution functions, we obtain

Iy
P === =0.395.

Br(B°—J/¢yD*)=8.50x 10 ¢, T

(23

Since B® decays with three charm quarks in its final
states, it could be taken as a probe of strong interactions,
especially hadron dynamics. We extend our calculations to
B°—J/yD, 5D, and 7.D* decays. The amplitudes for
these decays can be obtained through the following replace-

will peak around the points where the heavy quarks are neahents in Eqs(3) to (7):

their mass shell with varianc&qcp/mg . As an ansatz, the

distribution functions are taken as

$a(X)=08(X—Xg), Py (Y)=68(y—yy),

¢p*(2)=6(2—2Zp+), 17

with xg=1-m, /Mg, y,=3, andzp«=m./Mpx.
To get numerical results, we useV.,=0.04,
fg=180 MeV, f,=400 MeV, fp«=230 MeV, m,

=4.8 GeV, Bo—5 27 GeV, m.=14GeV, M,

=3.1 GeV, Mp«+=2 GeV, and ay4(2m.)=0.266. We get

Br(B°—J/yD*)=6.46x10 8, (18

and the longitudinal polarization fraction is

Iy
P =" =0.398, (19

Since the amplitudes are highly suppressed by the large vir- In
tualities of the propagators as shown in E@.to (13), the

Ypx— Yp= AN, —~—vs5(Pp+Mp) dp(X)fp,

i
¢¢_> wncz 4_NC 75( P770+ M 7]0) d)vyc(x) f 7¢
(24)

Using fp =200 MeV, andf
tios are estimated to be

7.= 335 MeV, the branching ra-

Br(B°—J/yD)=7.28<10" 8,
Br(B°— 7.D*)=1.39x 107,
Br(B°— 7,D)=1.52x10 ', (25)

summary, we have studied the decayB°
—JIy(5)D*) within the conventional theoretical frame-

smallness of BB°—J/¢D*) is understandable. To illus- work. The branching ratios of these decays are estimated to

trate the stability of our results, we plot in Fig. 3 BX

—J/yD*) versusxg, i.e., the peak point ofg(x).

be around 10°~10 8. B decays toJ/¢D®*) cannot ac-
count for the excess for slow ¢ as indicated by the CLEO

From Fig. 3, we can see that the rate is rather stableneasurement of th& ¢y momentum spectrum iB inclusive

against changes of the parametgr. Due to relativistic ef-

decays. Experimentally, inclusive decays Bfmesons to

fects, the distribution functions should have variances oftharmonium could be well studied at BaBar and Belle, and it
O(Aqcp/Mmg). To show the effects of the variances, we takeis important to confirm whether the slow ¢ hump exists

M 2
¢a(X)=Npx(1— X)eXF{ - (m) (x—xg)?

dp*(X)= ND*x(l—x)ex;{ -

MD* me
(21)
M, |3 1)?
qsw(x):wa(l—x)exr{—(m) (X_E) ,
(22)

with refined measurements. If the excess persists, it would be
hard to explain the phenomena within the conventional the-
oretical framework for hadron dynamics. As shown here, our
numerical results are rather stable under the change of pa-
rameters. If these exclusive decays were observed to be ab-
normally large, say, of order 16—10 >, it would challenge

the conventional theoretical framework and bring forth new
interesting QCD phenomena, like the scenarios discussed in
Refs.[3,4] or the possibility raised here, of the formation of
a~2 GeVsdg hybrid stateH throughB°—J/¢H. Finally

let us note that multibody final states such 3HsyD®*)

+na, wheren,=1, 2 for D*, D, respectively, being on

the edge of phase space, are expected to be even smaller than

whereNg, Np«, andN,, are normalization constants to make those withn=0.

Jdx ¢(x)=1. To model the distribution functions, we take

This work is supported in part by the U.S.—Israel Bina-

the mass difference between the heavy meson and its heatignal Science Foundation and by the Israel Science Founda-
constituents) as shape parameter. These distribution funcdion.
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